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EXECUTIVE SUMMARY 
 
Two samples of furnace bottom ash (FBA) and six samples of pulverized fuel ash (PFA or 
ESP-ash) were taken from Israeli coal-fired power stations in the last quarter of 2005. It 
concerns the Orot Rabin and Rutenberg power stations. The samples were kept in dark and 
at low temperatures till their extraction and chemical analyses on 17 dioxins plus furans and 
the 16 polycyclic hydrocarbons (PAH) of the EPA list The samples were analysed in the 
Netherlands at TAUW laboratories (present name AL-West C.V.). This laboratory has an 
accreditation for the determination of PAH in soils and dioxins plus furans in fly ash. 
 
The detected concentrations of the dioxins and furans are extremely low and lie between 0 
and 0,78 pico gram I-TEQ per gram. The upper bound lies between <0,42 and <1,11 pico 
gram I-TEQ per gram. The upper bound is equal to the total of the detected amounts plus the 
sum of the detection limits for those compounds which were not detected. 
 
The detected concentrations of the 16 EPA PAHs are low and lie between 0,02 and 
1 milligram per kilogram. The upper bound lies between <0,1 and 1 milligram per kilogram. 
Carcinogenic PAHs are only found in four of the eight samples, their upper bound is 
<0,28 milligram per kilogram. The PAH concentrations in the FBA are higher than in the PFA 
 
These findings are comparable to those found in ashes of Dutch coal-fired power stations. In 
the Netherlands FBA and PFA are used as building materials. If a building material is used it 
has to comply with limits, which are mentioned in the Dutch Building Materials Decree. The 
limits for PAH lie between 5 and 50 mg/kg. It appears that the levels lie far below the Dutch 
limits 
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LIST OF ABBREVIATIONS AND EXPLANATIONS 
 
CAS Chemical Abstract Service, a unique number for chemical 
CFA Coal fly ash 
EPA Environmental Protection Agency of the USA 
ESP Electrostatic precipitator, flue gas cleaning equipment for removal of 

particulates, in this report fly ash, from the flue gases 
FBA Furnace bottom ash, the term slag is also used; it is the coarse ash 

collected at the bottom of the boiler 
GC/MS Gas Chromatography / Mass Spectrometry; an analytical technique, a 

combination of separation with GS and determination with MS; LR = low 
resolution; HR = high resolution. 

HPLC High Pressure Liquid Chromatography; a separation method 
IARC International Agency for Cancer 
IEA International Energy Agency 
I-TEQ International toxicity equivalent, is used for comparison of 17 dioxins and 

furans 
n as prefix nano or 10-9 
NEN Dutch standard 
p as prefix pico or 10-12 
ppm parts per million, in this report mg•kg-1 
PAH Polycyclic Aromatic Hydrocarbons  
PCDD Polychlorinated Dibenzo-para-Dioxins 
PCDF Polychlorinated Dibeno-furans 
POP Persistent Organic Pollutants 
PFA Pulverised Fuel Ash, is ash collected in the ESP from pulverised coal firing. 

This expression is only used in the UK. In the USA the term fly ash is used, 
however this term is confusing, see fly ash 

µ used as prefix: micro or 10-6 
WHO World Health Organisation 
w/w weight/weight 
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1 INTRODUCTION 
 
Two samples of furnace bottom ash (FBA) and six samples of pulverised fuel ash (PFA or 
ash collected in the ESP) were analysed on persistent organic pollutants by order of the 
National Coal Ash Board of Israel. The only POPs possible present in coal fly ash can be 
dioxins and polycyclic aromatic hydrocarbons. The chemical analyses were performed at 
Tauw laboratories in Deventer, the Netherlands. Between the quotation and the 
measurements Tauw laboratories was sold to the AGROLAB group and operates now under 
the name Al-West C.V. Besides the results, in this report the details of sampling, transport 
and analyses are laid down. The results are compared to similar samples of Dutch coal-fired 
power stations. 
 
 
 
 

2 SAMPLING AND HANDLING OF THE SAMPLES 
 
The samples were taken by employees of the two local Israeli coal-fired power stations: Orot 
Rabin and Rutenberg. The samples were taken during firing coal from Australia, Colombia, 
Indonesia and South Africa. Some details concerning the samples are presented in table 1. 
The two FBA samples were immediately crushed and excess water was removed. Both the 
FBA and PFA samples were put straight away in dark glass bottles and stored in a 
refrigerator at about -20 0C. The cold samples were sent to KEMA in a well isolated box 
made of polystyrene containing snow of carbonic acid gas (-78 0C). When the samples were 
received at KEMA the temperature was still below 00C. The first six samples were received 
on 2005-10-28 and the last two samples were received at KEMA on 2005-11-30. The 
samples were stored at KEMA in a refrigerator and send to the chemical laboratory for the 
chemical analyses the next working day (2005-10-31 and 2005-12-01). 
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Table 1 Details of the samples 
 

code  
KPS-MEC- 

sample 
type 

sampling 
date  

power station and 
unit number origin coal mine or dealer 

737 FBA 2005-10-02 Orot Rabin 5+6 Colombia Drummond DRS04 

738 FBA 2005-10-06 Rutenberg 3+4 South Africa SA-16 Tselentis 
739 PFA 2005-10-16 Rutenberg 4 Colombia CMC 

740 PFA 2005-10-06 Rutenberg 3+4 South Africa SA-16 Tselentis 

741 PFA 2005-10-02 Orot Rabin 5+ Colombia Drummond DRS04 

742 PFA 2005-10-12 Orot Rabin 5+6 Australia Mim Newlands 
743 PFA 2005-11-14 Orot Rabin 6 South Africa TCOA Greenside 

744 PFA 2005-11-27 Rutenberg 4 Indonesia KPC-Prima  
 
 
 
 

3 CHEMICAL ANALYSES 
 

3.1 Handling 
 
The samples were received at the laboratory on 05-10-31 and on 05-12-01 and immediately 
taken up.  
 
 

3.2 Accreditation 
 
Tauw Laboratory is accredited conform EN-ISO/IEC 17025 General requirements for the 
competence of testing and calibration laboratories since 1988. The scope of this 
accreditation is listed on the internet site of the Dutch Accreditation Board (www.RvA.nl) 
under number L005. This accreditation is acknowledged by the European Association of 
Accreditations (EA). The accreditation includes various analyses in soil, water and other 
materials. Tauw Laboratory is acknowledged by the Dutch Government for testing soils and 
residues according to the Dutch Building Decree (Accreditation Programme 04). For Dioxins 
and dibenzofurans, Tauw Laboratory is acknowledged for measurement in emissions by the 
Dutch Ministry of VROM (Housing, Physical Planning and the Environment) and for 
measurement in feed and food according to GMP-10 agreement. 
 
The scope of the accreditation according to EN-ISO/IEC 17025 includes the analysis of 
Dioxins in fly ash. Due to the fact that no normalized methods are available for this kind of 
analysis, the method is listed as in-house method. 



 -9- 50552780-KPS/MEC 06-9323 
 
  confidential 
 
The method applied for measuring dioxins in fly-ash is based on the method for air samples. 
For air samples, the normalized method EN 1948 part 2 and 3 (Emissions of stationary 
sources - Determination of the concentration of PCDDs/PCDFs - Part 2: Extraction and 
preparation and Part 3: Identification and quantification) is applied. These standards are 
conform EU guideline 94/67/EU. This standard is for fly ash collected in flue gases, but is 
also used for the determination of dioxins and dibenzofurans in PFA.  
 
PAH in coal fly ash is not part of the accreditation scope. The technique Tauw Laboratory 
applies for the analysis of PAH in fly ash is based on the accredited method for the analysis 
of PAH in soil samples by GC-LRMS. The pre-treatment (extraction) of PAH out of the fly ash 
is the same as applied by the analysis of dioxins. When, in the same sample, dioxins have to 
be measured, one extraction is performed. 
 
 

3.3 Description of the methods 
 
3.3.1 Extraction 
 
To a known amount of sample, hydrochloric acid is added to remove calcium carbonate. The 
obtained suspension is filtered and the residue (inclusive filter if appropriate) is dried by 
105 oC. The dried material is extracted by the Soxhlett-technique with toluene. 
 
 
3.3.2 Measurement 
 
A clean-up is performed by multi column purification on the toluene phase, after which the 
dioxins and furans are measured with GC-LRMS and GC-HRMS. A separate toluene extract 
is concentrated to a small volume (typical 1 ml) for determination of PAH with GC-LRMS. 
 
The moisture content is determined in a separate sample, and used for adjusting the results 
on dry bases. The samples were also spiked with labelled dioxins and PAHs, after which the 
recovery rate was determined. The recovery rate is used for adjusting the results. 
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4 RESULTS AND DISCUSSIONS 
 

4.1 General 
 
The samples were stored in dark and at low temperature at all time from sampling to 
analyses, preventing any conversion. 
 
 

4.2 Dioxins and Furans 
 
4.2.1 Introduction 
 
Incomplete combustion of fossil fuels and waste can lead to the formation of hydrocarbons. 
Under certain circumstances, some of the hydrogen atoms in these hydrocarbons can be 
replaced by atoms of chlorine, fluorine or bromine to form substances called dioxins. There 
are 210 different types of dioxin and furans, of which a “congeneric” group of seventeen, the 
so-called “dirty seventeen”, are toxic (see figure 1 and table 2). 
 

 
Figure 1 Chemical basis structure of PCDD's and PCDF's 
 
 



 -11- 50552780-KPS/MEC 06-9323 
 
  confidential 
 
Table 2 International Toxicitity Equivalent Factors (I-TEF) for the ‘dirty seven’ according to 

the WHO 
 

congeneer I-TEQ 

PCDD 
(dioxins) 

 2,3,7,8-TCDD 
 1,2,3,7,8-PCDD 
 1,2,3,4,7,8-HxCDD 
 1,2,3,6,7,8-HxCDD 
 1,2,3,7,8,9-HxCDD 
 1,2,3,4,6,7,8-HpCDD 
 octa-CDD 

 1 
 1 
 0,1 
 0,1 
 0,1 
 0,01 
 0,0001 

PCDF 
(furans) 

 2,3,7,8-TCDF 
 1,2,3,7,8-PCDF 
 2,3,4,7,8-PCDF 
 1,2,3,4,7,8-HxCDF 
 1,2,3,6,7,8-HxCDF 
 1,2,3,7,8,9-HxCDF 
 2,3,4,6,7,8-HxCDF 
 1,2,3,4,6,7,8-HpCDF 
 1,2,3,4,7,8,9-HpCDF 
 octa-CDF 

 0,1 
 0,05 
 0,5 
 0,1 
 0,1 
 0,1 
 0,1 
 0,01 
 0,01 
 0,0001 

 
 
The toxicity varies greatly with the degree of substitution and the position of the chlorine atoms. 
Therefore to express the total toxicity of PCDD/F in a (environmental) sample, with congeners 
present at widely varying levels, a Toxicity Equivalent Factor (TEF) has been assigned to ach 
of the 17 congeners, relative to 2,3,7,8-TCDD = 1. By multiplying with concentrations, an I-TEQ 
(International Toxicity Equivalent) value for the overall toxicity is obtained, again in equivalents 
of 2,3,7,8-TCDD. These I-TEF’s are adopted around 1998 by the World Health Organisation 
(BERG, M. VAN DEN., et al., 1998.). The adopted values of I-TEF’s are presented in table 2. 
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Table 3 Dioxins and Furans contents in ng•kg-1 (dry matter) 
 

sample number 737 738 739 740 741 742 743 744 
dry amounts (%) 56,4 61,9 99,9 99,9 100 99,9 99,8 99,8 

2,3,7,8-TetraCDD < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 
1,2,3,7,8-PentaCDD < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 
1,2,3,4,7,8-HexaCDD < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
1,2,3,6,7,8-HexaCDD < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
1,2,3,7,8,9-HexaCDD < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
1,2,3,4,6,7,8-
HeptaCDD < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 
octa-CDD < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 

2,3,7,8-TetraCDF  3,5 < 0,1  0,5 < 0,1  0,4 < 0,1  0,8  0,2 
1,2,3,7,8-PentaCDF  0,5 < 0,1  0,2 < 0,1 < 0,1 < 0,1  0,2 < 0,1 
2,3,4,7,8-PentaCDF  0,7 < 0,1  0,1 < 0,1 < 0,1 < 0,1  0,1 < 0,2 
1,2,3,4,7,8-HexaCDF  0,4 < 0,2  0,3 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
1,2,3,6,7,8-HexaCDF < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
1,2,3,7,8,9-HexaCDF < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
2,3,4,6,7,8-HexaCDF < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 < 0,2 
1,2,3,4,6,7,8-
HeptaCDF  1,6 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 
1,2,3,4,7,8,9-
HeptaCDF < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 < 0,5 
octa-CDF  3,7 < 1 < 1 < 1 < 1 < 1 < 1 < 1 

 
 
In principle, any combustion process that takes place in the presence of chlorine can lead to 
dioxin formation. (Combustion in the presence of fluorine, bromine or a mixture of these 
halogens can also result in dioxin formation, but, since fluorine and bromine is much less 
common, they are much less significant in relation to emissions.) Two mechanisms of 

formation are known: homogeneous gas phase reaction at 850 to 1100 °C and de-novo 
synthesis. The latter can take place during cooling at temperatures of between 500 and 

200 °C. The level of dioxin formation depends on the fuel composition and the combustion 
conditions. The large-scale combustion of fossil fuels, as in power stations, results in very 
low levels of dioxin emission. This is mainly because combustion in modern coal-fired power 
stations is virtually complete. Complete combustion is critical in this context. If combustion is 
complete, no soot is formed; this is significant because soot particles are believed to have 
the right carbon structure for the formation of dioxins. The presence of chlorine is also a 
determining factor, but the chlorine concentration does not significantly influence the amount 
of dioxin formed. Furthermore, the presence of SO3, formed from SO2, appears to inhibit 
dioxin formation. 
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In this context too, coal combustion differs from waste incineration, since little SO2 is present 
in the waste incineration process, whereas coal combustion is associated with relatively high 
SO2 concentrations. Together, the almost complete combustion and the presence of SO2 

account for the very low levels of dioxin formation associated with coal combustion. 
 
 
Table 4 Dioxins and Furans contents in I-TEQ in pg•g-1 
 

sample number 737 738 739 740 741 742 743 744 
ash type FBA FBA PFA PFA PFA PFA PFA PFA 
origin coal Col SA Col SA Col AUS SA IND 
power station OR R R R OR OR OR R 

2,3,7,8-TetraCDD < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 

1,2,3,7,8-PentaCDD < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 

1,2,3,4,7,8-HexaCDD < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

1,2,3,6,7,8-HexaCDD < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

1,2,3,7,8,9-HexaCDD < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

1,2,3,4,6,7,8-
HeptaCDD < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 

octa-CDD <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

2,3,7,8-TetraCDF  0,35 < 0,01  0,05 < 0,01  0,04 < 0,01  0,08  0,02 

1,2,3,7,8-PentaCDF  0,025 < 0,005  0,01 < 0,005 < 0,005 < 0,005  0,01 < 0,005 

2,3,4,7,8-PentaCDF  0,35 < 0,05  0,05 < 0,05 < 0,05 < 0,05  0,05 < 0,1 

1,2,3,4,7,8-HexaCDF  0,04 < 0,02  0,03 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

1,2,3,6,7,8-HexaCDF < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

1,2,3,7,8,9-HexaCDF < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

2,3,4,6,7,8-HexaCDF < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 < 0,02 

1,2,3,4,6,7,8-
HeptaCDF  0,016 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 

1,2,3,4,7,8,9-
HeptaCDF < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 < 0,005 

octa-CDF 0,00037 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

total   0,78   0   0,14   0   0,04   0   0,14   0,02 

total upper bound < 1,11 < 0,42 < 0,48 < 0,42 < 0,45 < 0,42 < 0,50 < 0,48 
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4.2.2 Measured contents of Dioxins 
 
The results are presented in table 3 in ng•kg on dry matter and in table 4 in I-TEQ. The 
TEQ’s can be count up. Most of the TCDD/F’s were not demonstrated above the detection 
limit; in this case the values are reported as smaller than (<) the detection limit.  
 
The total amount is given at the bottom of the table 4 in two ways. First the total of the 
detected amounts and second, the total of the detected amounts plus the sum of the 
detection limits for those compounds which were not detected. They are reported as upper 
bound. 
 
 
4.2.3 Conclusions 
 
It appears that the detected concentrations are extremely low and lie between 0 and 
0,78 pg I-TEQ per gram. The upper bound lies between <0,42 and <1,11 pg I-TEQ per gram. 
These levels are comparable to those found in Dutch coal-fired power stations in PFA 
samples from 1997 with an upper bound between <1,3 en <14 pg I-TEQ•g-1 (KEMA, 2003). 
Dutch coal-fired power stations are comparable to those in Israel and fire coal from the same 
origin. 
 
 

4.3 Polycyclic aromatic hydrocarbons 
 
4.3.1 Introduction 
 
Incomplete combustion of fossil fuels and waste results in the formation of soot and tar. 
These materials contain all sorts of organic compounds (hydrocarbons), including polycyclic 
aromatic hydrocarbons (PAHs). Some PAHs are known to have carcinogenic properties, 
while others do not. When considering the health issues associated with pulverised fuel ash 
and other airborne particulate materials, it is therefore important to distinguish between 
carcinogenic and non-carcinogenic PAHs. 
 
Different lists with the most important PAHs exist. Two of those lists, the Borneff list and one 
of the US EPA, are given in table 5 with an enumeration of 29 PAHs. Besides, the 
assignment according to the International Agency for Research on Cancer (IARC, 1983) as 
carcinogenic is presented and as given in an IEA report (IEA, 1993). The order of PAHs in  
table 5 is determined by their volatility, it decreases from top to bottom. The carcinogenic 
PAHs are printed in bold and are less volatile. 
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Table 5 Survey of the most important PAHs 
 

carcinogenicity 
PAH:1) Borneff-list 

n = 6 
EPA-list 
n = 16 

CAS 

IARC 1983  2) IEA 3) 

Naphthalene   + 91-20-3   

Acenaphtylene   + 208-96-8   

Acenaphthene   + 83-32-9   

Fluorene F  + 86-73-7  - 

Phenanthrene PA  + 85-01-8  - 

Anthracene A  + 120-12-7  - 

Fluoranthene FLU + + 206-44-0  - 

Pyrene P[YR]  + 129-00-0  - 

3,6-dimethylfenantrene       

trifenylene       

benzo(b)fluorene      - 

benzo(a)antracene BaA  + 56-55-3 ++ + 

chrysene CH[R]  + 218-01-9 -/+ -/+ 

6-methylchrysene     -/+  

benzo(e)pyrene BeP     - 

benzo(j)fluorantene BjF   205-82-3 + ++/+++ 

perylene       

benzo(b)fluorantene BbF + + 205-99-2 + ++/+++ 

benzo(k)fluorantene BkF + + 207-08-9 + + 

1-methylchrysene       

benzo(a)pyrene BaP + + 50-32-8 ++ ++++ 

2-methylchrysene     -/+  

dibenzo(a,j)antracene     -/+ ++ 

dibenzo(a,l)pyrene    189-55-9 + +++ 

benzo(g,h,i)perylene BhgiP + +   -/+ 

dibenzo(a,h)antracene DBahA  + 53-70-3 ++ +++/++++ 

indeno(1,2,3-c,d)pyrene IP + + 193-39-5 + ++ 

3-methylcholantrene MCA    + 5) +++ 

Th
e 

de
gr

ee
 o

f v
ol

at
ili

ty
 →

 

antantrene     -/+ +/++ 

 
1) the carcinogenic PAHs  are printed  in bold 
2) -/+: “limited evidence”, +: “sufficient evidence”, ++: also in short lasting test, thus genotoxic 
3) number of +equals the degree of carcinogenicity; - = not carcinogenic  and ++++ = very carcinogenic 

(IEA, 1993) 
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PAHs consist of two or more benzene rings. At room temperatures, those with two or three 
rings possess a high vapour pressure and are therefore known as more volatile PAHs. PAHs 
with more than three rings are much less volatile. The carcinogenic PAHs all have four to six 
benzene rings, while most mutagenic PAHs have four or more rings. Hence, it is only the 
less volatile PAHs with four or more rings that represent a major health hazard. These PAHs 
are normally bonded to very fine particulate materials known as aerosols. PAHs are products 
of incomplete combustion. In principle, therefore, coal combustion can lead to their formation. 
At modern pulverised coal-fired power stations, however, combustion is virtually complete. 
First, the coal is pulverised to form a fine powder. Furthermore, during firing, the temperatures, 
boiler residence times and fuel-air ratios are such that almost all the carbon is converted into 
carbon dioxide. Consequently, almost no hydrocarbons are formed. The low carbon content of 
pulverised fuel ash is evidence of the near-complete conversion. The introduction of low-NOx 
burners has not affected this situation. As their name suggests, low-NOx burners are designed 
to minimise the formation of NOx. This is achieved by keeping the combustion temperature and 
oxygen surplus as low as possible. Such conditions might be expected to lead to the formation 
of PAHs, but an optimum balance has been struck so as to minimise NOx formation while 
achieving high carbon conversion rates. Consequently, PAH formation remains minimal. 
 
 
4.3.2 Measured contents of polycyclic aromatic hydrocarbons 
 
The 16 PAHs of the EPA list were analysed. The results are presented in table 6. Most of the 
PAHs were not demonstrated above the detection limit; in this case the values are reported 
as smaller than (<) the detection limit. The total amount is given at the bottom of the table in 
four ways. First the total of the detected amounts and second, the total of the detected 
amounts plus the sum of the detection limits for those compounds which were not detected. 
They are reported as upper bound. The third and fourth row of the bottom part are identical 
to the first and second row, but than only for the carcinogenic PAHs. 
 
 
4.3.3 Conclusions 
 
It appears that the detected concentrations are low and lie between 0,02 and 1 milligram per 
kilogram. The upper bound lies between <0,1 and 1 milligram per kilogram. Carcinogenic 
PAHs are only found in four of the eight samples, their upper bound value is <0,28 milligram 
per kilogram. These levels are comparable to those found in Dutch coal-fired power stations 
in PFA samples from 1997 with an upper bound <1 mg/kg (KEMA, 2003). Dutch coal-fired 
power stations are comparable to those in Israel and fire coal from the same origin. 
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Table 6 The amount of the 16 EPA polycyclic aromatic compounds (mg•kg-1) 
 

sample number 737 738 739 740 741 742 743 744 
ash type FBA FBA PFA PFA PFA PFA PFA PFA 

origin coal Col SA Col SA Col AUS SA IND 

power station OR R R R OR OR OR R 
Naphthalene  0,01  0,2  0,004  0,005  0,006  0,1 < 0,02 < 0,02 

Acenaphtylene < 0,006 < 0,006 < 0,004 < 0,005 < 0,004 < 0,005 < 0,01 < 0,01 

Acenaphthene < 0,007  0,01 < 0,004  0,01 < 0,004 < 0,005 < 0,01 < 0,01 

Fluorene  0,3  0,09  0,07 < 0,005  0,1  0,1 < 0,1 < 0,01 

Phenanthrene  0,05  0,3 < 0,004 < 0,005 < 0,004  0,005 < 0,01 < 0,01 

Anthracene  0,01  0,008 < 0,004 < 0,005 < 0,004 < 0,005 < 0,01 < 0,01 

Fluoranthene < 0,006  0,1 < 0,004 < 0,005 < 0,004 < 0,005 < 0,01 < 0,01 

Pyrene  0,05  0,03  0,005 < 0,005 < 0,004 < 0,005 < 0,01 < 0,01 

Benzo(a)anthracene < 0,006  0,03 < 0,004 < 0,005 < 0,004 < 0,005 < 0,01 < 0,01 

Chrysene < 0,02  0,06 < 0,004 < 0,005 < 0,004 < 0,005 < 0,01 < 0,01 

Benzo(b)-
/Benzo(k)fluoranthene < 0,02  0,1 < 0,004 < 0,005 < 0,004 < 0,005  0,05 < 0,01 

Benzo(a)pyrene  0,03  0,04 < 0,004 < 0,005 < 0,004 < 0,005  0,02 < 0,01 

Dibenz(a,h)anthracene < 0,006  0,02 < 0,004 < 0,005 < 0,004 < 0,005  0,04  0,02 

Benzo(g,h,i)perylene < 0,006  0,02 < 0,004 < 0,005 < 0,004 < 0,005  0,02  0,01 

Indeno(1,2,3-
c,d)pyrene < 0,006  0,03 < 0,004 < 0,005 < 0,004 < 0,005  0,04  0,01 

total 16 EPA   0,45   1,04   0,08   0,02   0,11   0,21   0,17   0,04 

total upper bound < 0,53 < 1,04 < 0,13 < 0,08 < 0,16 < 0,27 < 0,37 < 0,17 

total carcinogenic   0,03   0,28   0   0   0   0   0,15   0,03 
total carcinogenic upper 
bound < 0,09 < 0,28 < 0,02 < 0,03 < 0,02 < 0,03 < 0,17 < 0,07 

 
 
Table 7 PAH-limits in mg•kg-1  in the Netherlands for building materials 
 
Naphthalene 5 Chrysene 10 

Phenanthrene 20 Benzo(b)-/Benzo(k)fluoranthene 50 
Anthracene 10 Benzo(a)pyrene 10 

Fluoranthene 35 Benzo(g,h,i)perylene 50 

Benzo(a)anthracene 50 Indeno(1,2,3-c,d)pyrene 50 

total 10 PAH 50 
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The next observation is that in FBA the levels are somewhat higher than in the PFA. This 
phenomenon is also found in the Netherlands. In FBA-sample 738 all the PAHs, except one, 
were established above the detection limit. In the Netherlands FBA and PFA are used as 
building materials. If a building material is used it had to comply with limits, which are 
mentioned in the Dutch Building Materials Degree. The limits for PAH are presented in 
table 7. It appears that the levels lie far below the limits. 
 
 
 
 

5 FINAL CONCLUSIONS 
 

• The detected concentrations of the dioxins and furans are extremely low and lie between 
0 and 0,78 pg I-TEQ per gram. The upper bound lies between <0,42 and <1,11 pg I-TEQ 
per gram. 

 

• The detected concentrations of the 16 EPA PAHs are low and lie between 0,02 and 
1 milligram per kilogram. The upper bound lies between <0,1 and 1 milligram per 
kilogram. Carcinogenic PAHs are only found in four of the eight samples, their upper 
bound is <0,28 milligram per kilogram. The PAH concentrations in the FBA are higher 
than in the PFA. 

 

• These findings are comparable to those found in ashes of Dutch coal-fired power stations. 
In the Netherlands FBA and PFA are used as building materials. If a building material is 
used it has to comply with limits, which are mentioned in the Dutch Building Materials 
Decree. The limit for the total PAH amounts to 50 mg per kilogram. It appears that the 
levels lie far below the limit. 
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