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Chain of Contamination: The Food Link (Fact 
Sheet) 

POLYCHLORINATED BIPHENYLS (PCBs)  

Background 
PCBs (polychlorinated biphenyls) are a group of man-made chemicals first manufactured in the 1920s, but which 
are now banned worldwide. There are 209 different PCB molecules, known as “congeners”, and the commercial 
products were mixtures.  PCBs are hazardous, persistent and bioaccumulative chemicals, which are classified as 
UNEP POPs (persistent organic pollutants) such that intentional production is now banned globally under the 
Stockholm Convention of 2001 (UNEP, 2006). Over the last decade considerable effort has been put into 
inventorying, collecting and destroying PCBs still in use. PCBs can also be formed unintentionally during 
combustion processes, where there is organic matter and chlorine. 
 
The manufacture of PCBs in most European countries ceased in the 1970s after research increasingly showed 
that they were building up in the environment and evidence emerged of their potential for harmful effects in 
wildlife and humans. Despite this, PCBs still persist in the environment. This “persistence” (a resistance to being 
broken down in the environment, meaning they stick around for very long periods of time), combined with their 
“bioaccumulative” nature (a tendency to build up in living things) means that PCBs continue to contaminate 
ecosystems, wildlife and people all over the world. People in industrialised, developed countries, and also 
developing countries, are widely exposed to PCBs and are likely to have detectable amounts of PCBs in their 
blood, fat, and breast milk (see below). 
 
PCBs can be found in air (Sun et al., 2006), water (Nie et al., 2005), river and marine sediments (Roose et al., 
2005, Covaci et al., 2005), soils (Harrad et al., 1994), plants and vegetation (Schuhmacher et al., 2004) and 
other “biota” (living things, e.g. humans and wildlife) (Riget et al., 2004, Miao et al., 2000). PCBs can enter the air 
by evaporation from both soil and water and can be carried long distances around the globe (Gambaro et al., 
2005). PCBs can precipitate in rainfall and snow and have been found in snow and sea water in areas such as 
the Arctic, far away from where they were released into the environment (Gustafsson et al., 2005). PCBs are 
taken up into the bodies of small organisms and fish in water and increase in concentration as they are taken up 
by animals higher up the food chain that feed on them (Borga et al., 2001). PCBs especially accumulate in fish 
and marine mammals such as seals and whales, reaching levels that may be many thousands of times higher 
than in water (Shaw et al., 2005, Weisbrod et al., 2001, Mossner et al., 1997). Particularly high levels have been 
found in polar bears (Skaare et al., 2000). 
 
PCBs are found widely in human blood serum (e.g. Thomas et al., 2006, Sjodin et al., 2004), adipose (fat tissue) 
(Naert et al., 2006) and breast milk (Fangstrom et al., 2005, Poon et al., 2005, Kalantzi et al., 2004). 
 
Major uses 
Because they don’t burn easily and are good insulating materials, PCBs were used widely as coolants and 
lubricants in electrical equipment such as transformers and capacitors, as heat exchange fluids and as flame 



 

retardants (ATSDR, 2000). They were also used in building materials such as plaster and joint sealants (Herrick 
et al., 2004, Andersson et al., 2004), as paint additives, in carbonless copy paper and as a flame retardant 
additive in plastics (ATSDR, 2000). Consumer products that may contain PCBs include old fluorescent lighting 
fixtures, electrical devices or appliances containing PCB capacitors made before PCB use was banned. 
 
How do PCBs get into the environment (and food chain)? 
PCBs entered the air, water and soil during their manufacture and use. Waste containing PCBs was generated at 
that time, and was often placed in landfills. PCBs also entered the environment from accidental spills and leaks 
during the transport of the chemicals, or from leaks or fires in transformers, capacitors or other products 
containing PCBs. Today, PCBs can still be released into the environment from a variety of sources (Harrad et al., 
1994), including poorly maintained hazardous waste sites, illegal or improper dumping of PCB wastes, and 
disposal of PCB-containing consumer products into municipal or other landfills not designed to handle hazardous 
waste. PCBs may be released into the environment by some waste burning in municipal and industrial 
incinerators (CDC, 2005). 
 
Disposal of waste products containing PCBs and emissions from industrial processes – power stations, iron and 
steel works, sewage sludge applications to land – can all contribute to environmental inputs. Following release, 
PCBs accumulate in the environment (air, water, sediment, soil, vegetation) and in the food chain (fish, 
mammals, birds) due to their persistent nature. 
 
How are people exposed to PCBs? 
Although PCBs are no longer made or used in the UK or Europe, people can still be exposed to them by 
breathing contaminated indoor air (PCBs were used in building materials, lighting and electrical appliances) 
(Andersson et al., 2004 Herrick et al., 2004), or by coming into contact with PCBs at or near hazardous waste 
sites. However, the main route of exposure is via the diet, as they are common contaminants in the food chain 
(due to their ubiquitous presence and widespread distribution in the environment) (see below). The developing 
foetus can be exposed to PCBs in the womb (Gray et al., 2005) and as PCBs can accumulate in breast milk 
(Kalantzi et al., 2004), newborn babies can ingest PCBs during breastfeeding. Nevertheless, the balance of 
scientific evidence confirms that the benefits of breastfeeding outweigh any risks from exposure to PCBs in 
mother’s milk. 
 
Once PCBs are in the body, some may be changed by the body’s systems into other related chemicals called 
metabolites which may leave the body in faeces in a few days (Hu & Bunce, 1999). Others can remain in body fat 
for many months. Unchanged PCBs may be stored for years or even decades, mainly in the fat and liver, but 
smaller amounts can be found in other organs as well. 
  
PCBs in food 
The major dietary sources of PCBs are fish, in particular oily fish (e.g. salmon, herring, sardines, fresh tuna, 
anchovies, swordfish) and those caught in contaminated lakes or rivers, fish oils, meat and dairy products. There 
are numerous studies on PCB contamination of foodstuffs. For example, the UK Food Standards Agency (FSA) 
published a study in 2003 on PCBs (and dioxins) in food samples ranging from bread, milk and poultry to green 
vegetables, fruit and nuts (FSA, 2003). More selected examples from the literature can be seen in the table 
below. 
 
Note: PCBs in the context of food contamination are divided into two different groups, based on their biochemical 
and toxicological properties: the dioxin-like PCBs (DL-PCBs) and the non-dioxin-like PCBs (NDL-PCBs). Over 
90% of human exposure to NDL-PCBs is through food and as a result, these compounds have built up in the 
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human body, primarily in fat tissue (EFSA, 2005). Although levels of NDL-PCBs in food have gradually 
decreased since environmental legislation on use and disposal of PCBs was introduced by the European Union 
(EU) in the 1980s (see also Baars et al., 2004), human exposure to NDL-PCBs is still considered to be high 
(EFSA, 2005). The toxicity of dioxin-like PCBs (DL-PCBs) is much higher than that of NDL-PCBs. NDL-PCBs 
and DL-PCBs accumulate together along the food chain and higher concentrations are found in food of animal 
origin (particularly carnivores and predatory fish) compared to fruits and vegetables (EFSA, 2005). 
 

Food item Reference(s) Comments 

Fish and shellfish Food Standards Agency UK (2006) – Dioxins and dioxin-
like PCBs in farmed and wild fish and shellfish 
www.food.gov.uk/science/surveillance  

Analysis of 47 farmed and wild 
species – dioxins and PCBs 
found in all samples. Higher 
levels in oily than non-oily spp. 

Salmon  
(farmed and wild) 

Hites et al (2004). Science, 303, pp226-229 Farmed salmon contained 
much higher levels of 
organochlorines 

Swordfish Stefanelli et al (2004). Mar. Poll. Bull., 49, pp938-950 Swordfish caught in the 
Mediterranean and Azores 

Butter Weiss et al (2005). Ambio, 34(8) pp589-597. 
Kalantzi et al (2001). Env. Sci. Technol., 35 (6), pp1013-
1018. 

Worldwide surveys of PCBs 
and other organochlorines in 
butter 

Pork Covaci et al (2004). Chemosphere, 56, (8), pp757-766.  

Meat (hamburger, 
bacon, chicken fat, 
pork fat, beef fat) 

Huwe J.K. & Larsen, G.L. (2005). Env. Sci. Technol., 39 
(15), pp5606-5611. 

Analysis of PCBs (and other 
persistent pollutants) in US 
meat 

Olive oil  Yague et al., (2005). J. Agric. Food. Chem., 53 (13), 
pp5105-5109. 

Analysis of 19 different 
Spanish olive oils. 

Eggs Food Safety Authority of Ireland, 2004 
http://www.fsai.ie/surveillance/food/dioxin_report04/Dioxin
_04.pdf
Food Standards Agency UK (1997) - Dioxins and PCBs in 
the UK diet: 1997 Total diet study 
http://www.food.gov.uk/science/surveillance/fsis2000/4dio
x#h_5

FSAI - PCBs, dioxins, furans in 
battery, free-range, barn 
organic eggs 
FSA (UK) - Total diet study 
(included eggs) 

Milk Sewart A & Jones KC (1996). Chemosphere, 32(12), 
pp2481-2492. 

Survey of PCB congeners in 
U.K. cows' milk. 

Table 1: PCB residues in food items – examples from the literature. 
  
The European Commission has set maximum levels for dioxins and PCBs in food. The limits will take effect from 
November 2006. Any food or feed in which the sum of dioxins and dioxin-like PCBs exceeds these maximum 
levels will not be allowed to be marketed in the EU. 
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/06/119&format=HTML&aged=0&language=EN
 
In addition, in various European countries there is national legislation on selected PCB congeners for some food 
items such as meat, eggs, dairy and fish. 
http://www.apug.de/risiken/forschungsprojekte/umweltkontaminanten.htm. 
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What health effects are associated with exposure to PCBs? 
It is difficult for scientists to establish a clear association between PCB exposure levels and health effects. 
However, the World Health Organisation (WHO) acknowledges that data from human and experimental animal 
studies clearly indicate that exposure (particularly prenatal exposure) to PCBs can have adverse effects on 
neurological development and behaviour (Damstra et al., 2002). 
 
PCBs have been shown to adversely affect neurological development (the development of the brain and 
associated nervous system) in children. Studies in Michigan, New York, the Faroe Islands, Germany, the 
Netherlands and Taiwan have all shown negative associations between prenatal PCB exposure and cognitive 
function in infancy and childhood (for review, see Schantz et al., 2003). It is thought that such effects on brain 
development could be due to prenatal disruption of the thyroid hormone system (crucial for infant growth and 
development) and alterations in thyroid function and circulating thyroid hormones in newborns have been 
associated with increased prenatal PCB exposure (Wang et al., 2005). More information on the 
neurodevelopmental and hormone disrupting effects of PCBs and other pollutants can be found in the WWF-UK 
report “Compromising our Children” 
(http://www.wwf.org.uk/filelibrary/pdf/compromising_our_children.pdf). 
 
Excessive exposure to PCBs may affect the brain, eye, heart, immune system, kidney, liver, reproductive 
system, skin, thyroid gland and the unborn child, and may cause cancer. Both the US Environmental Protection 
Agency and the International Agency for Research on Cancer (IARC) have determined that PCBs are probably 
carcinogenic to humans.  
 
Many of the human health issues regarding environmental exposure to PCBs are concerned with prenatal 
exposure of the developing foetus and subsequent negative effects on health during infancy and childhood. The 
unborn child can be exposed to PCBs in the womb and via breast milk following birth. As development continues, 
children are exposed to PCBs in the same way as adults (through the diet, water and indoor air). During these 
early stages of life, the brain, nervous system, immune system, thyroid, and reproductive organs are all 
undergoing crucial development changes, and so the effects of PCBs (possibly acting as endocrine disrupters) 
on these target systems may be more profound, making foetuses and children more susceptible to PCBs than 
adults. 
 
PCBs can also affect the developing immune system. In Inuit populations, exposed via their traditional diet of fish 
and marine mammal fat, studies have demonstrated the “immunotoxic” potential of organochlorines, including 
PCBs (Dallaire et al., 2006, 2004). In these studies, prenatal exposure top PCBs was associated with increased 
incidence of acute infections (respiratory, middle ear and gastrointestinal) in Inuit children. 
 
A study on Swedish fisherman (and their wives) consuming fish from the highly contaminated Baltic Sea has 
revealed an association between levels of PCBs (and DDE) in their serum and prevalence of type-2 diabetes in 
this population, suggesting these kinds of chemicals might contribute to type 2 diabetes (Rylander et al., 2005).  
 
Other dietary studies have focussed on cancer and non-cancer health effects associated with consumption of 
fish (salmon) contaminated with PCBs and other organochlorine compounds (Huang et al., 2005, Hites et al., 
2004, Foran et al., 2005). 
How can exposure to PCBs be reduced?  
As exposure to PCBs is primarily through the diet, and in particular through the consumption of oily fish, it is 
worth following the advice of the UK Food Standards Agency (FSA) with regards to the frequency of fish 
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consumption and the types of fish that should be consumed. Details of FSA analyses of fish and other foods for 
PCBs (and other chemicals) can be found here - http://www.food.gov.uk/science/surveillance/. As the developing 

foetus can be exposed in utero to PCBs, the FSA offers specific consumption advice for pregnant mothers in 
order to avoid any potential adverse effects of exposure. See table 2 below for FSA advice on fish consumption. 
 

 Oily fish  White fish Tinned tuna**  Marlin, shark, 
swordfish  

Girls (under 16)  Up to 2 portions* a week No limit  No limit on tinned  Do not eat  

Boys (under 16)  Up to 4 portions a week No limit  No limit on tinned  Do not eat  

Pregnant women and 
those who may become 
pregnant  

Up to 2 portions a week No limit  Up to four medium-sized 
cans  

Do not eat  

Breastfeeding women  Up to 2 portions a week No limit  No limit on tinned  Up to one portion a 
week  

Women who are not 
intending, or can’t 
become pregnant  

Up to 4 portions a week No limit  No limit on tinned  Up to a portion a week  

Men  Up to 4 portions a week No limit  No limit on tinned  Up to a portion a week  

Table 2- Oily fish: who should eat what? Reproduced from the UK Food Standards Agency (FSA) website – 
http://www.food.gov.uk/news/newsarchive/2004/jun/fishportionslifestagechart. 
* A portion = 140g 
** Fresh tuna counts as oily fish, but tinned tuna as white because the oils are lost in the canning process 
 
Limiting contact with old building materials, fluorescent lighting and electrical appliances and components can 
also help minimise exposure to PCBs e.g. wearing protective clothing, breathing apparatus and minimising the 
generation of dust during renovation or DIY work in old buildings (Andersson et al., 2004 Herrick et al., 2004). 
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