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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) and six phthalates.  



List of POPs 
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List of new 9 POPs 
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Chemical Pesticides 
Industrial 

chemicals 

By-

products 

Alpha Hexachlorocyclohexane + + 

Beta Hexachlorocyclohexane + + 

Chlordecone + 

Commercial pentabromodiphenyl ether + 

Commercial octabromodiphenyl ether + 

Hexabromobiphenyl + 

Lindane + 

Pentachlorobenzene +  + + 

Perfluoroctane sulfonic acid, its salts and 

perflurooctane sulfonyl fluiride (PFOs) 

+ 

 



Properties of the POPs 
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The following features are characteristic of all these compounds: 

1. High toxicity. 

2. Persistence under environmental conditions. 

3. Capacity to get accumulated in biological objects. 

4. Distribution to significant distances from the primary sources (transboundary transport). 

The POPs enter the environment from different sources. Among the POPs of anthropogenic origin 

are first of all organochlorine pesticides (OCPs), which are used against microorganisms, plants, 

insects or animals that are harmful or undesirable from the viewpoint of economy or health 

protection. Though it is prohibited to produce or apply those OCPs, which are in the POPs list, the 

content of some of these compounds in the environmental objects is still significant. The reason 

of this is their wide use in 50 – 80 of the past Century, as well as availability of significant store of 

unused OCPs, which pose a significant risk often due to unsatisfactory storage conditions. 



Polyarenes 
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Group of polycyclic aromatic hydrocarbons includes over 10 000 compounds, and 

there are more than 100 PAHs determined in environmental objects. Polyarenes 

comprising up to 4 benzene rings are known as ‘light’ PAHs. The ‘heavy’ PAHs 

containing more than four benzene rings are less susceptible to decomposition in the 

environment and are more toxic. 



Ways of polyarenes emission 
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The main anthropogenic sources of polyarenes into the environment are industrial 

emissions (formed as the result of organic raw materials processing under high-

temperature), road transport (more than 150 PAHs have been discovered in vehicle 

exhaust gases), air transport, shipping, oil extraction and transportation. Among 

natural sources creating the background level of PAHs we must mention synthesis by 

some plants and microorganisms, forest fires, volcanic activity. In parallel with PAHs 

accumulation in the environment their degradation takes place. There are bacteria 

contributing to decomposition of PAHs in water-bodies and on land; in the 

atmosphere some of polyarenes partially decompose under the influence of UV-

radiation. 



List of polyarenes for characteristics of environmental objects 
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The question about the quantity of the PAHs to be obligatory determined in the 

environmental objects is still not answered. The EU Water Framework Directive on 

environmental standards in water policy proposes to monitor five polyarenes in the 

environment: benzo(g,h,i)perylene, indeno(1,2,3-сd)pyrene, benz(b)fluoranthene, 

benz(k)fluoranthene and benz(а)pyrene. Authors of the articles propose to determine 

in environmental objects 16 priority polyarenes (naphthalene, acenaphthylene, 

acenaphthene, fluorene, phenanthrene, antracene, fluoranthene, pyrene, 

benz(а)antracene, chrysene, benz(b)fluoranthene, benz(k)fluoranthene, 

benz(а)pyrene, indeno(1,2,3-сd)pyrene, dibenz(а,h)antracene, benzo(g,h,i)perylene), 

which have been proposed by the US Environmental Protection Agency (US EPA). 

The polyarenes mentioned above characterize human impact on the environment the 

most completely. 



Polychlorinated biphenyls (PCBs) 

9 

PCBs are in the class of aromatic compounds consisting of two benzene rings 

connected through internuclear С-С bond and replaced with one to ten atoms of 

chlorine in ortho-, meta- or para- positions. Content of chlorine in a molecule of PCB 

could vary from 40 to 60%. There ate altogether 209 individual congeners of PCBs, 

which differ in number and position of chlorine atoms in molecule and have the 

general formula: С12Н10-nCln, where n=1-10. Out of existing 209 closely related 

isomers only  90 are being used. 



Properties of PCBs 
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Polychlorinated biphenyls are toxic. It has 

been proved by now that PCBs have 

pronounced embryotoxic and potential 

carcinogenic effects. However, their most 

dangerous action is mutagenic impact. To 

compare biological actions of different PCB 

congeners in 1987 a concept of Toxic 

Equivalent Factor (TEF) was proposed. 

According to this approach toxicity or 

biological activeness of a certain congener is 

expressed in relation to activeness of 2,3,7,8-

TCDD. The table shows the TEF coefficients 

fro the most toxic PCBs. 

The so-called Toxic Equivalent 

Concentrations (TEС) are calculated by 

means of multiplication of individual PCB 

congeners’ concentrations by the TEF values, 

which correspond to the congener. 



Ecological and analytical monitoring 
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Ecological and analytical monitoring of super-toxicants – organochlorine pesticides 

(OCPs), polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxines (PCDDs), 

dibenzofurans (PCDFs) – in the environmental objects is one of the priorities all over the 

World. In many regions the background levels of super-toxicants in air, precipitation (rain, 

snow), surface water, soil, bottom sediments and biota have been analyzed and 

generalized. 

Most of analytical methods of OCPs determination are based of gas chromatography with 

electronic capture detection (GC/ECD). At present the most informative method of 

environmental objects analysis for trace concentration of OCPs, PCBs, PCDDs, PCDFs 

and other persistent organochlorine compounds is the combination of gas chromatography 

with mass-spectrometry (GC/MS). 


