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1. Introduction

Organochlorines (OCs) are organic molecules with chlorine in their structure. There are
known a large number of organochlorine compounds. A large amount of chlorinated
organic compounds are produced for industrial, agricultural, pharmaceutical, household
purposes, etc. In many studies, the main focus is on OC which has been evaluated as envi-
ronmental contaminants with toxic effects on humans. Different types of organochlorine
have been produced throughout the world. Some of the most popular classes are organo-
chlorine pesticides (OCPs), polychlorinated biphenyls (PCBs), dioxins, chlorobenzenes,
chlorophenols, chlorinated alkanes, etc. Organochlorine compounds usually have a large
molecular mass. They are very stable. Generally, they are molecules of moderate polarity
(low solubility in water). This makes OC easily soluble in fats. They were found in almost all
environments: air, water, soil, sediments, and biota samples. They can spread out easily in
different geographic altitudes and latitudes. Volatile and semi-volatile OCs have the ability
to spread far away from the place where they were used. Some studies have reported some
organochlorines in the North Pole at the same levels as the areas where they were produced
or applied. They have the ability to bioaccumulate easily in biota. Passing through the food
chain levels, they increase their concentrations (biomagnifying). Contaminated foods with
OCs and exposures to them are their main ways to arrive in the human body. Generally,
they display their effects after a relatively long period of exposure. This is the main reason
why they are produced and used for a long time before their production and use were
banned. The most important health effects that organochlorines can cause are mutagenic,
endocrine-disruptor, carcinogenic and central nervous or peripheral disorders. After iden-
tification of the consequences for many organochlorines, their production and use in many
countries were banned but unfortunately their effects were shown for many other years.
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2. Organochlorine pesticides

Organochlorine pesticides were used widely for agricultural purposes after the Second World
War. The insecticidal properties of DDT were discovered firstly. After that many other OCPs
were synthesized and used. Many tons of DDT, aldrin, heptachlor, lindane, hexachloroben-
zene, toxaphene, and many other pesticides with chlorine in their molecules were produced
and used all over the world for many years. They affected significantly the growth of agricul-
tural products around 1960, bringing what was called the “Green Revolution.” Their use was
very effective especially in countries that suffered from many diseases spread by insects such
as malaria. In early 1970s, their toxic effects were verified firstly in birds and fishes. After that,
OCPs were banned in the USA and Europe. OCPs and their degradation products are found
in many ecosystems until now because of their persistence and their bioaccumulation ability.
The presence of OCPs was reported in many environmental and food studies. Water irriga-
tion and rainfall landslides make them possible to pass over surface and underground waters.
So, they can spread far away from areas where they have been applied. Bioaccumulation
processes make their presence possible in all food chain [1, 2].

3. Polychlorinated biphenyls

PCBs were produced from 1930 to 1977. PCB mixtures were prepared from chlorination of
biphenyls in the presence of various catalysts. There are 209 different congeners depending
on the number of chlorine atoms and their positions in the molecule. Usually they were used
as mixtures (aroclor, kanechlor, etc.). These mixtures are classified and used according to the
percentage of chlorine. They were widely used as insulating and hydraulic fluids in numer-
ous industrial processes. They were banned in 1980 because of the possible risks to human
health and the environment. Higher toxicity presents non- and mono-ortho-substituted con-
geners because of their planarity. They are called dioxin-like congeners of PCBs, classified as
endocrine disruptor and possible carcinogen to humans [3, 4]. Many accidents have occurred
around the world due to the use of PCB: Kyushu, Japan (1968); Hudson River, USA (1977);
Brescia, Italy (1999); etc. These accidents and laboratory in vivo/in vitro data verified their
toxic ability to humans [5-8].

4. Dioxins and furans

Polychlorinated dibenzo-p-dioxin (PCDDs) and polychlorinated dibenzofurans (PCDFs) are
highly toxic, the most dangerous being 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Testing
study on toxicity of the TCDD is used as a mechanism and reference value for other dioxins
[9-11]. PCDD/Fs and PCB dioxin-like were verified in different experiments to have the same
mechanism of toxicity via the aryl hydrocarbon receptor (AHR). Dioxins can produced in
higher temperature as secondary products, e.g. by increate of urban wastes or many indus-
trial processes. Dioxins have no common use. PCDD/F even in low levels can cause serious



Introductory Chapter: Organochlorine
http://dx.doi.org/10.5772/intechopen.81271

problems to humans and other organisms because of their high toxicity [12, 13]. Various stud-
ies have clarified the implications of their presence at ultra-trace levels like that in Seveso,
Italy (1976), Belgian PCB/dioxin incident (1999), etc [14, 15].

5. Chlorobenzenes, chlorophenols, and other derivatives

Derivatives with chlorine of benzene, phenol, aniline, nitrobenzene, benzoic acid, phenyl acetic
acid, and many other similar compounds are usually produced as raw materials for many syn-
theses in the pharmaceutical industry, plastic production, pesticide production, and many other
synthetic compounds. Some of them were used as pesticides, for example, tecnazene (tetrachlo-
ronitrobenzene), Kvintozen (pentachloraniline), etc. Chlorinated derivatives can be impure in
many synthetic products. They can be obtained by degradation processes of large chlorinated
molecules. They were reported as part of the metabolism of large chlorine molecules in dif-
ferent organisms. Most of them are harmful to the environment and living organisms. Their
toxicity is different depending on the number and position of chlorine in the molecules.

6. Legislation on organochlorine compounds

Many studies have shown that chlorine compounds have harmful health effects not only for
exposed persons but also for the entire population, it was necessary to regulate the equivalence
of international legislation on limitations on the production and use of toxic substances. So sev-
eral agreements were reached, but the most important is the Stockholm Convention (2001) on
Persistent Organic Pollutants (POPs). This convention, adopted by most countries, aimed at the
elimination or reduction and use of many OCs including OCPs, PCBs, and dioxins. It provided
several phases and guidelines for the immediate prohibition of use, production, and reduction
of those substances called POPs. Although in most countries this convention became effective
soon, OC presence was reported in certain areas as a result of waste disposal, equipment acci-
dents, or their use under false trademark. Their high persistence is an important factor. Control
of the OC should be continuous in environmental and food samples due to their wide spread.

7. Organochlorine distribution, stability, and degradation

Although they have been banned many years ago, levels of OC were reported frequently in
different studies. They are widespread in both applied environments and in areas far away
from their application sites. This is due to high stability, high bioaccumulation capacity,
biomagnification, and the ability to spread out of the application site. Generally, these com-
pounds are difficult to degrade. In the soil or sediment environment, the speed of degradation
is much smaller. Different degradation mechanisms are known, such as photochemical deg-
radation, thermal degradation, biological degradation, and chemical degradation [7]. Their
degradation products are derivatives which in most cases also contain chlorine and exhibit



4 Organochlorine

certain toxicity. The study of degradation mechanisms will affect the speeding up of their
elimination processes under practical conditions.

8. Analytical techniques on determination of organochlorines

The levels of chlorine compounds in both environmental and food samples were found in very
low (trace or ultra-trace) levels from ppm to ppt. For their qualitative and quantitative deter-
mination, it is necessary to use different techniques of extraction such as Soxhlet, ultrasonic
extraction, SPE, ASE, etc. The samples of clean-up procedures generally were realized in SPE
columns with adsorbents that have different polarities. Analytical determinations of organo-
chlorines were recommended to be achieved by gas chromatography techniques especially
coupled with mass spectrometry (GC/MS). GC/MS/MS and LC/MS/MS are recommended in
many methods for OC analysis in environmental and food samples [16, 17]. In many standard
methods (EN, ASTM, etc.), techniques of simultaneous determination of organochlorine com-
pounds for the same type or different types due to their similarity are described.

9. Preface on organochlorine chapters

This compact book has some data on organochlorine compounds and their degradation prod-
ucts. Clarification of degradation processes for OC is important for polluted ecosystems. Reviews
on legislations for organochlorine compounds especially on persistent and toxic OC were shown
also in this book. Analytical procedures (extraction techniques, clean-up procedures, equipment,
etc.) and experimental data for OC analysis are mentioned briefly on book chapters.

Chapter I, “Service Sector-Based Dioxin and Furan Emissions and Management Techniques,”
describes PCDD/F as one of the important classes of organochlorine contaminants. This chap-
ter presents the importance of study dioxins because they cause people’s health problems.
Through various studies that authors have used, this review is focused mainly on emission
sources and monitoring of these contaminants in some countries in order to conclude to the
situation in Ethiopia. PCDD/Fs are part of the POPs because of their persistence and toxicity.
Also, in this chapter, are given data on other chlorinated compounds, classified as POPs, such
as organochlorine pesticides, PCB, PBB, etc. The connection between PCDD/F and other POPs
could have been clearly demonstrated.

Chapter II, “Mechanistic Considerations on the Hydrodechlorination Process of Polychlo-
roarenes,” is a review of different hydrodechlorination mechanisms for organochlorine pol-
lutants such as PCDD/F and PCB. These pollutants are persistent for many years because of
their structure. Their presence could be for many years not only in environment but also in
food chain because of bioaccumulation processes. Authors have considered different studies
of hydrodechlorination mechanisms based on different redox mechanisms. These mecha-
nisms of hydrodechlorination are important processes because degradation products usually
are organic compounds with lower toxicity. Understanding these reaction mechanisms can
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lead to their efficient use in practice. The use of these reactions in incinerator filters and con-
taminated areas can bring a reduction of PCDD/PCDF and PCB pollution.

Chapter III, “Application of Heterogeneous Catalysts in Dechlorination of Chlorophenols,” is
a review on heterogeneous catalysts for dechlorination of chlorophenols. These compounds
are widely distributed especially in waste and surface waters because of household products,
urban wastes and other chlorinated compounds such as pesticides. Heterogeneous catalyst
can replace the homogeneous catalyst to solve the catalyst recycling problem, especially for
the precious metal catalysts. The heterogeneous catalyst costs are more reduced than homo-
geneous catalyst. Dechlorination of chlorophenols using heterogeneous catalyst could be use-
ful for dechlorination of other chlorinated compounds.
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