
Analysis and interpretation of data on 

POPs content in marine environmental 

objects on the example of PAHs 



Importance of PAHs determination  

 According to International agreements there are about 60 chemical substances in the list. 
Their distribution is restricted and control of these compounds content in the 
environmental objects is obligatory. Out of this list a group of persistent organic 
pollutants (POPs) is singled out, called “the dirty dozen”: aldrin, endrin, dieldrin, mirex, 
DDT, hexachlorobenzene, heptachlorine, toxaphene, chlordan, polychlorinated 
biphenyls,  dibenzo-п-dioxins and dibenzofurans. In 2003 in the framework of the 
project aimed at assessing of the POPs danger for the environment and human health the 
UN recommended to extend the list of controlled chemical compounds and include into 
it 16 propriety polycyclic aromatic hydrocarbons (PAHs, polyarenes, Table 1) and six 
phthalates. 

 

 The PAHs are wide-spread pollutants of the environment having carcinogenic, 
mutagenic, teratogenic and hepatotoxic impact. They can accumulate in lipid tissues of 
living organisms and cause different dangerous diseases. 
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The main sources of PAHs into the environment 
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The main anthropogenic sources of PAHs into the environment are emissions from 

industries (formed as the result of high-temperature processing of organic raw materials), 

road transport (more than 150 PAHs found in exhaust gases emitted by vehicles), air 

transport, sea transport, oil extraction and transportation.  

Out of natural sources, which create background level of PAHs one should mention their 

synthesis by some plants and microorganisms, as well as forest fires and volcanic activity. 



Polycyclic aromatic hydrocarbons 
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Main criteria for assessment 

 In accordance with recommendations marine bottom sediments could be classified into three 
categories depending on total content of PAHs: slightly polluted (Σ PAHs < 250 mkg/kg), polluted 
(Σ PAHs 250 to 500 mkg/kg), heavily polluted (Σ PAHs > 500 mkg/kg).  

 The level of PAHs ‘anthropogenicity’ is usually assessed as ratio of the so-called ‘technogenic’ PAHs 
to the ‘natural’ ones. Highly-molecular PAHs with big number of cycles are considered technogenic, 
while low-molecular with 2-3 cycles are considered natural PACs. Polycyclic hydrocarbons formed 
under natural conditions are characterized by domination of relatively low-molecular PAHs, while 
concentration of highly-molecular compounds is low. 

 Indices LMW/HMW (low molecular PAHs (2-3 cycles)/highly molecular PAHs (4-6 cycles)). Values 
of LMW/HMW < 1 presume pollution with PAHs of pyrolytic, mainly technogenic origin. 

 International Agency on Research for Cancer (IARC) has classified 7 polycyclic aromatic 
hydrocarbons as probable (2A) and possible (2B) carcinogens: benz(а)antracene, chrysene, benz 
(b)fluoranthene, benz(k)fluoranthene, benz(а)pyrene, indeno(1,2,3-сd)pyrene, 
dibenz(а,h)antracene. 
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Benz(а)pyrene and benz(а)pyrene equivalent 
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Indices of PAHs 
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Possible sources of PAHs emission into the environment can be established using indices, which are the ratios of some PAHs 

concentrations in objects.  

 

It is commonly supposed that ratio  Fl/Fl+Py <0,4 is the evidence of pollution with polyarenes of oil origin. The value of this ratio within 0,4 

- 0,5 are characteristic of pollution with products of liquid fuel and oil burning, >0,5 points at pollution formed as the result of kerosene, 

coal, creosote etc. burning. Ratio An/178 (Antracene/Antracene+Fenantrene) can also characterize the nature of PAHs forming in the 

environmental objects. Ratio An/178 <0,1 points at PAHs forming as the result of low-temperature (oil) processes. Ratio An/178 >0,1 

evidences domination of burning processes during PAHs forming. 

Ratio BaA/228 (Benzo(а)antracene/Benzo(а)antracene+Chrysene) <0,2 is the sign of bottom sediments pollution with oil PAHs. The index 

within the range0,2 - 0,35 points at mixed source of pollution, >0,35 evidences pollution with polyarenes formed as the result of pyrolitic 

processes.  

Ratio IP/IP+BghiP (Indeno(1,2,3-сd)pyrene/Indeno(1,2,3-сd)pyrene+Benzo (g,h,i)perylene) <0,2 shows pollution with polyarenes of oil 

origin, within the range 0,2 - 0,5 points at mixed source of pollution, >0,5 evidences pollution with PAHs formed as the result of pyrolitic 

processes.  

In a number of cases ratios of PAHs content do not agree with each other (Fl/Fl+Py, An/178, IP/IP+BghiP и BaA/228) due to different, 

occasional and irregular sources of pollution. That is why total index of PAHs is calculated. Total index of PAHs is a normalized sum of 

indices discussed above and calculated according to the following formula: 

 

 

 

 

 

 

It is commonly supposed that in case total index of PAHs >4 the sources of emission of PAHs are high-temperature processes and the 

values <4 point mainly at oil sources of pollution.  

 

 



Scheme of bottom sediments sampling stations in the 

estuarine part of the Danube 
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Results of PAHs determination in bottom sediments from 

estuarine part of the Danube with GC-MS 

№ 

station 

Σ PAHs, 

mkg/kg 

Σ canc. PAHs/ 

Σ PAHs100 
LMW/HMW 

B(a)P eqv,  

mkg/kg 
PAHs index 

1 809,8 46 0,32 124,7 6,28 

2 1093,3 50 0,23 195,1 6,15 

3 1078,2 46 0,31 156,8 6,13 

4 789,6 47 0,31 121,4 6,14 

5 352,7 47 0,31 48,7 6,14 

6 462,5 46 0,30 65,5 6,56 

7 341,1 40 0,52 37,9 4,72 

8 622,5 52 0,25 103,5 8,58 

9 329,6 40 0,52 34,9 4,92 

10 557,8 43 0,28 69,6 5,47 
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Ratio of 16 PAHs in bottom sediments from estuarine part of 
the Danube on the number of rings in their moleculas 
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(along vertical axis – station numbers; along horizontal axis – percentage of  PAHs on the 

number of  their rings) 



Levels of pollution of sediments from the Danube Estuary 

wih the sum of 16 PAHs, 7 carcenogenic PAHs and total 

B(a)P equivalent 
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Values of ratios Fl/Fl+Py, BaA/228, IP/IP+BghiP, An/178  for 
the Danube Estuary sampling stations 
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It is interesting to point out that the values of total 

index of PAHs on the stations 1-6 and 10 changes 

insignificantly, on the stations 7 and 9 the values 

are somewhat lower (4,72-4,92), while on the 

station 8 the index grows sharply and reaches 

8,58. Taking into account significant difference in 

indices LMW/HMW, Fl/Fl+Py, An/178, IP/IP+BghiP, 

BaA/228 and the total index of PAHs for the 

station No. 8 we could suppose that the source of 

pollution there was different compared to the other 

sampling points.  


