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Polychlorinated biphenyls (PCBs) were widely used in industrial and commercial applications, until they were banned in

the late 1970s as a result of their significant environmental pollution. PCBs in the environment gained scientific interest

because of their persistence and the potential threats they pose to humans. Traditionally, human exposure to PCBs was

linked to dietary ingestion.
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1. Introduction

Polychlorinated biphenyls (PCBs) are a group of toxic environmental pollutants categorized as persistent organic

pollutants (POPs). The commercial production of PCBs started in 1929. Their main use was in electrical and hydraulic

equipment and construction materials. Because of their significant adverse effects on human well-being and ecosystems,

the manufacturing of PCBs was banned in the United States in 1979 under the US Toxic Substance Control Act .

Nevertheless, production continued elsewhere. As a result, the Stockholm Convention was established by the United

Nations Environment Programme in May 2001, with the aim of eliminating PCB-containing products by 2028 in an

environmentally sound manner . Following this effort, the international total ban of PCBs came into effect on 17 May

2004.

There is still a long way to go, as only 3 million tons of PCB products had been eliminated as of 2015. Meanwhile, 80% of

PCBs (17 million tons) are still in the environment, highlighting that the risk of exposure has not yet been eliminated .

Even with the production of PCBs banned in most countries, they continue to pose a threat due to their environmental

persistence and bioaccumulation, raising global concerns. PCBs are still slowly and continuously being released by

products that were manufactured before the ban and that are dumped as waste into the environment . They are found

in the ambient air and the food chain, and can be transmitted to humans through the ingestion of contaminated food

products, inhalation, or transdermal exposure. PCBs have been detected in various food samples, and human exposure

has been reported in several countries worldwide .

2. Polychlorinated Biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) are a group of synthetic aromatic chemicals. They consist of a biphenyl structure that is

bound to hydrogen and chlorine atoms according to the chemical formula C H Cl , where x and y range from 1 to 10,

and x + y = 10. The chemical structure of chlorinated biphenyls is shown in Figure 1. According to IUPAC, there are 209

PCB congeners, which differ by the number of hydrogen atoms substituted by chlorine atoms and their position on the

biphenyl rings. This variance in PCB molecule determines the physical and chemical properties and toxicity.

Figure 1. Chemical structure of PCBs (m and n denote number of chlorine atoms on each ring).

The phenyl rings can rotate around the C-C bond, but with an increasing number of chlorines in the ortho positions (2, 2,

6, 6), this rotation is hampered. With no ortho-chlorines, the two phenyls can align co-planarly . The plane between the
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phenyls as the C-C bond attain increased double bond characteristics is stabilized by the aromatic system. However, with

an increased number of chlorine atoms in the ortho position, the likelihood that planarity will be established decreases.

This is significant for the toxicity of the individual congener, as the toxicity of co-planar non-ortho congeners have a

“dioxin-like” toxicity . Mono-ortho congeners may also be somewhat co-planar, but if there are two or more chlorines in

the ortho position, co-planarity is not possible.

3. Why Concern about PCBs

PCBs are among the 12 initial POPs called the “dirty dozen” under the Stockholm Convention , listed in Annex A

(elimination) and Annex C (unintentional production). They are of global concern due to their (1) persistence in the

environment, (2) long-distance travel in the atmosphere, (3) bioaccumulation, and (4) biomagnification in the food chain. It

is a global issue, as everyone is likely to have some amount of PCB in their body from either the ingestion of

contaminated food, inhalation, or dermal exposure to a polluted environment. Thus, PCBs can significantly impact animal

and human health and the environment.

The consumption of contaminated food is often regarded as the major source of human PCB exposure, and there have

been limited studies on the role of air pollution as an inhalational pathway. Because of the high PCB concentrations in

some animals, dietary exposure has traditionally been prioritized in studies over dermal and inhalation exposure.

However, the inhalation route of PCB exposure is often overlooked. A study reported decreased PCB concentrations in

food, highlighting that inhalation may be an essential route of exposure . Airborne emissions of PCB may result in

inhalation exposure levels comparable to, and occasionally more significant than, dietary ingestion .

Atmospheric PCB is a significant contributor to the total body burden, as evidenced by elevated blood levels of lower-

chlorinated PCBs (dominant congeners) in the air by 40% among occupants of contaminated buildings . For people

living in buildings with significant PCB levels in the building materials, the bulk of their overall PCB burden comes from

exposures in their homes, nearly 40 years after the Danish ban on the use of PCBs in construction products . Following

exposure, PCB can bioaccumulate and persist in the human body for up to 12 years . Many lower-chlorinated

congeners are likewise endocrine-disruptive  and carcinogenic . This indicates that inhalation and dermal absorption

are significant routes of exposure to PCBs in the air . This entry discussed the occurrence of PCBs in the air as a

source of inhalation exposure and the subsequent impacts on human health in light of the increased interest in this study

area.

4. Occurrence of PCBs in the Air

The primary source of PCBs in the atmosphere is the volatilization of PCB-containing products in landfills that are

disposed of as waste . The widespread use of PCBs in commercial and industrial products and their inappropriate

disposal have created severe environmental contamination. Today, PCBs can still be released into the environment from

the following sources: (1) poorly maintained hazardous waste sites that contain PCBs; (2) illegal or improper dumping of

PCB wastes into landfills that are not designed to handle hazardous waste; (3) accidental spills and leaks during the

transport of the chemical; (4) leaks or fires from electrical transformers, capacitors, or other products containing PCBs;

and (5) waste incineration and open burning in landfills that emit PCBs during the combustion process .

Once in the environment, PCBs do not readily break down. Instead, they undergo chemical biotransformation that allow

them to continue cycling between air, water, and soil for an extended period. PCBs in the air are generally lower-

chlorinated (≤5 chlorine atoms), and are mainly taken up by humans via inhalation and dermal resorption. In contrast to

high-chlorinated congeners (>5 chlorine atoms), lower chlorinated PCBs exhibit a faster elimination rate from the body

and a lower environmental persistence. Figure 2 shows the sources of PCB in the air, human exposure and possible

health impacts.
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Figure 2. Sources of PCB in the air, human exposure, and possible health impacts.
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