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POSTNOTE

Number 579 July 2018

Persistent Chemical Pollutants

A legacy of persistent pollutants is widely
distributed in the environment, increasing the
potential for exposure of wildlife and humans.
This POSTnote sets out the challenge this
posed for regulators, current regulatory
approaches and some of the emerging issues.

Background

A range of substances that persist in the environment can

accumulate in organisms as they are difficult to metabolise

and excrete (bioaccumulation). When these organisms are
eaten, the substances increase in concentration as they
travel up food chains (biological magnification). These
include:

B Persistent organic pollutants (POPSs); chemicals with a
particular combination of properties that resist
environmental degradation, have low solubility in water,
accumulate in the fat or organs of organisms and have
a range of toxic effects.!

B Potentially toxic metals (PTMs); such as mercury and
lead, bind to proteins and are deposited in the tissues
of organisms and may induce toxic effects.? PTMs
occur naturally in geological deposits, but human
activity is responsible for the majority of forms and
concentrations that are present in the environment.34

In the late 1960s, a number of POPs were shown to
accumulate in food chains and subsequently to cause
adverse effects in both humans and wildlife.®> These were
highlighted by events such as the 1968 Yusho incident, a
mass poisoning caused by cooking oil contaminated with
polychlorinated biphenyls (PCBs),® and the 1969 mass
mortality event of guillemots in the Irish Sea that had high
levels of PCBs in their livers.” Although regulation has
reduced the risk of widespread POP release, new risks

Overview

B Humans benefit from the use of chemicals,
but a number of persistent chemicals have
accumulated in the environment affecting
wildlife and human health.

W Regulation has reduced levels of some
persistent chemicals in the environment, but
remaining levels of contamination in soils,
sediments and waste may be of concern.

W Monitoring levels of persistent chemicals in
wildlife has been critical in determining the
extent of reductions. However, knowledge
gaps remain in the understanding of the
effects of human and wildlife exposure.

H After EU withdrawal, the UK will have to
decide on approaches to managing risks
from newly identified persistent and
accumulative substances.

continue to emerge and there are health and environmental
effects of chemicals that have yet to be addressed.® The
2017 Chief Medical Officer's Report highlighted the adverse
effects of chemical pollution on human health.® The 2017
Lancet Commission on pollution and health suggested that
the effects on human health have been underestimated and
more testing of chemicals for health hazards is required.'® In
addition to hazard testing,*! regulatory chemical risk
assessments also consider the likelihood of exposure and
the probability of adverse effects occurring.’? This
POSTnote summarises the frameworks under which POPs
and PTMs are regulated, assessing the legacy of
contamination from historic emissions and emerging
challenges for regulators.

Regulating Persistent Substances

The 2004 UN Stockholm Convention on Persistent Organic
Pollutants requires parties to eliminate, restrict or reduce
emissions of the 28 chemicals classified as POPs (Box 1). A
number of other UN Multilateral Environmental Agreements
(MEASs) on the production, distribution, use and disposal of
hazardous chemicals also regulate PTMs, such as mercury
and lead. These include: the Rotterdam Convention; the
Basel Convention; the Aarhus Protocol to the UNECE
Convention on Long-range Transboundary Air Pollution;
and, the Minimata Convention on Mercury.® There are also
international programmes that promote safe chemical
management, including:
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Box 1. Persistent Organic Pollutants (POPs)

The 12 chemicals initially classified as POPs include: pesticides, such
as Aldrin; industrial chemicals, such as PCBs (Box 2); and
unintentional by-products from combustion, such as dioxins." Food is
the main route of human exposure and POPs have a range of toxic
effects on the liver, kidney and nervous, reproductive and immune
systems and can cause cancer.' 16 EU regulations set maximum
acceptable levels for some POPs (such as dioxins and PCBs) in
food;'” the Food Standards Agency undertakes targeted studies on
levels in the UK food supply,® and provides funding to Local
Authorities for testing. POPs have become widely distributed in the
environment, %20 particularly in soils.?' Predatory species accumulate
higher levels of POPs than the organisms they prey on, harming
populations of species at the top of food chains (apex predators).22
For example, the decline in otter populations was traced back to the
toxic effects of organochlorine pesticides.? The potential for long
range environmental transport is also a characteristic of POPs, which
can be emitted from soil to air and water through natural processes
and then transported and deposited in areas with cold temperatures.
Levels of a number of POPs are increasing in the Arctic.2425.26

An additional 16 substances have been listed under the Stockholm
Convention as POPs.2” Some differ in their properties from the original
12 POPs and data on them may be more limited:

B Perfluorooctane sulfonic acid binds to proteins in blood cells.?8
Other perfluorinated chemicals are being considered for listing
under the Convention,? but data are lacking on whether
exposure levels could lead to adverse health effects,® such as
endocrine disruption (Box 5). Studies suggest they may affect
body weight regulation and neurological development of
foetuses,3132.33

W Primary exposure to the three brominated flame retardants listed
as POPs may be via house dust, indoor air or consumer
products, but data remains limited.34. Studies suggest these
compounds are endocrine disruptors affecting the thyroid.36:37 A
meta-analysis of levels of brominated flame retardants in the UK
environment suggested most now resides in soils, but a
substantial proportion may either have been degraded,
transported away or still be in products and/or waste (Box 3).35

W Short-chain chlorinated paraffins (SCCPs) are manufactured as
complex mixtures and have a range of uses from lubricants to
plasticisers. SCCPs were placed on the candidate list as a
substance of very high concern under REACH (see below)
because of their persistent properties. Their use is restricted
under the EU POPs Regulation and are listed under Annex A of
the Stockholm Convention. However, they can still enter the EU
market in formulations of imported products.38:39.40.41.42

B The International Programme on Chemical Safety,
which has evaluated chemicals of major public health
concern since the 1970s.43

B The Strategic Approach to International Chemicals
Management, a global chemicals policy framework.**

EU and UK Regulation

Historically, chemicals regulation that controlled health
hazards was separate from that for environmental hazards,
but these have now been brought together in the EU’s
legislative framework.*> A recent assessment of 60 years of
EU chemicals legislation has estimated its social and
economic benefits at tens of billions of Euros per year.
Benefits include a reduction in healthcare costs and
environmental damage and an increase in productivity.® For
example, uses of POPs are restricted under EU Regulation
850/2004 on Persistent Organic Pollutants, which was
amended in 2010 after additional substances were added to
the Convention.
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The EU is amending the POPs Regulation to assign an
advice role to the European Chemicals Agency (ECHA) and
aligning it with other legislation including the regulation on
Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH, EC 1907/2006, see CBP-7681).46:47
The three core actions of REACH are: gathering information
on chemicals, improving the understanding of chemical
safety and controlling dangerous chemicals. To provide data
on chemicals’ properties, companies are required to carry
out tests on chemicals manufactured or imported above the
one tonne threshold.*® Chemicals with persistent and
bioaccumulative properties may be listed as Substances of
Very High Concern under REACH.*°

To assess progress against the UK National Implementation
Plan (required by the Convention),*° there are a number of
inventories that provide accounts for human emissions of
persistent substances, such as the national atmospheric
emissions and POPs multi-media emissions inventories.5:52
There are also networks to monitor the levels of some POPs
and PTMs, including the Toxic Organic Micro-Pollutants
(TOMPS) programme and heavy metal networks.5354 n its
25 Year Environment Plan, the Government has committed
to reducing the levels of harmful chemicals entering the
environment, including eliminating POPs emissions.>®

Assessing the Legacy of Contamination
Inventory data shows that UK POPs and PTM emissions
have declined markedly since the 1980s and 90s,5%5¢ but
pollution from previous emissions will persist in soils,
aquatic sediments and waste for many years. For example,
PCBs are having detrimental effects on marine mammals in
European waters (Box 2).57%8 The POPs inventory data also
show that while overall emissions have decreased, diffuse
pollution sources are contributing a greater proportion, such
as the open burning of waste. For example, polychlorinated
naphthalenes (PCNs) are POPs that were manufactured in
the UK until the mid-1960s. A study of archived UK soils
showed a decline in overall PCN levels from a peak in the
1950s apart from an increase after 1970 in the types of
PCNs produced as a combustion by-product.>® Landfilled
waste and recycled materials contaminated with persistent
substances are also diffuse pollution sources contributing to
emissions of POPs (Box 3).%°

The Stockholm Convention’s Global Monitoring Plan (GMP)
of ambient air, human samples and water suggests that
regulation has been successful in reducing levels of POPs
in the environment.6! Other monitoring data for persistent
substances are collected to meet various international, EU
and UK requirements, with the EU Information Platform for
Chemical Monitoring providing a coordinated approach to
this data.®? This includes: monitoring for the Convention for
the Protection of the Marine Environment of the North-East
Atlantic (OSPAR), the EU Water Framework Directive
(WFD), and wildlife and human biomonitoring schemes.

Measurements of POPs and PTMs for OSPAR
Monitoring under the OSPAR Convention (implemented via
the EU Marine Strategy Framework Directive) includes
POPs, such as PCBs and brominated flame retardants (Box
1), as well as various PTMs. Measurements focus on


http://researchbriefings.parliament.uk/ResearchBriefing/Summary/CBP-7681
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Box 2. Polychlorinated Biphenyls (PCBs)

PCBs were often manufactured as a complex mixture that remains
challenging to analyse (there are 209 PCB formations, known as
congeners).83 PCBs were sold in the UK until 1981, most commonly
as heat exchange fluids in equipment, but were also used in products
such as building materials.®* Seven congeners, including one of the
12 that show toxic activity similar to that of dioxins,® are the focus of
monitoring programmes in the EU.%6 The major source of PCB
emissions is from electrical equipment, such as transformers.
Emissions have fallen significantly in the UK since 1980,%7 but almost
350,000 items of registered PCB-containing equipment were still in
use in 2016.50 UNEP has raised concerns about the slow rate of
elimination of these known ‘closed’ sources in Europe, 864 but the UK
Government has committed to eliminating such sources of PCBs by
the Stockholm Convention 2025 target.%

The UK has also committed to undertake research on the contribution
of its unknown sources,?0 such as PCBs from materials in buildings
and landfilled waste.®970.7164| evels of most PCB congeners are
declining, but still persist at high levels in estuarine and coastal
habitats.” Studies suggest that relatively high concentrations of PCBs
still persist in fish in the Thames.”374.75 PCBs also occur in high levels
in top marine predators; such as sea eagles, seals, whales and
dolphins; in the Northeast Atlantic and Mediterranean.” For example,
in 2017 a killer whale found dead on the Isle of Tiree in Scotland
contained among the highest levels of PCBs ever recorded, which
were linked to its infertility.””.”® The population that it was part of is
likely to die out.”® Research suggests that the majority of PCBs
emitted have been transported away from the UK and most of the
remaining contamination resides in soils (Box 1).8 Human exposure
through food such as aily fish has declined to an estimated 70% of
Tolerable Daily Intake,8' but PCBs still occur in some products, such
as paints, inks and textiles, as a by-product of pigment production.

marine sediments and the organisms in which these
contaminants tend to accumulate. Although overall
contamination is decreasing, levels of cadmium are
increasing locally in some areas of the North-East Atlantic
and in other areas mercury and lead remain high.83

Environmental Quality Standards

The WFD lists ‘priority substances’ that include POPs and
PTMs, for which environmental quality standards (EQS) are
set. Persistent substances with low water solubility
contaminate sediments and will concentrate in bottom
feeding aquatic organisms, and then may build-up in food
chains. EQS for organisms are set at low values on the
basis of ‘worst case’ assumptions to protect the environment
and humans.8485 Defra published a report on developing an
evidence base of the extent of contaminated sediment in
England in 2017.8% High levels of PTM contamination have
been found in some river catchments in north east (zinc,
cadmium, copper and lead), and south west (arsenic,
copper and tin) England.8 A recent risk analysis of 71
chemical substances polluting UK Rivers suggested that
metals may pose the greatest risk to freshwater wildlife.8”

Under the EU Environmental Quality Standards Directive,
the UK keeps inventories of priority substances and their
releases into water.5° Soils may be a source of priority
substances, with urban soils being the most contaminated.8®
Some waste streams applied to agricultural soils,?® such as
paper sludge, poultry litter ash and sewage sludge, may
also contain priority substances, including POPs.%091
Studies estimate that 6.24% of agricultural soils in Europe
may have high levels of PTM contamination.®? In the UK,
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Box 3. Contamination of Products and Recycled Waste

The UK is a signatory of the EU Rapid Alert System for dangerous
non-food products (RAPEX), which facilitates information sharing
between member states, including on products containing banned
substances.® The Environment Agency’s Chemical Compliance Team
monitors and enforces restrictions on chemicals in products that pose
environmental risks. For example, lead, cadmium, mercury, chromium
and hexachlorobenzene (a POP originally used as a fungicide) have
been found in fireworks imported into the EU,% and were the focus of
a 2013 campaign. In January 2018, BEIS created the Office for
Product Safety and Standards, a national oversight body tasked with
identifying consumer risks, such as from restricted chemicals.

Products containing recycled materials may pose POP and PTM
risks.® For example, an analysis in the Netherlands found that 22% of
the brominated flame retardant POPs in waste electrical and
electronic equipment end up in recycled plastics.® Other studies have
found them in recycled plastic items on the EU market, such as
toys.%6.97 Article 6 of the Stockholm Convention bans the recycling of
POPs, but there is an exemption that allows the recycling of plastics
and foams containing POPs until 2030. To comply with EU Regulation
850/2004 on POPs, items should have a ‘low POP content limit' of
less than 0.1% by weight.% EU waste legislation also sets out
producer responsibility and rules on management of waste.% For
example, the Directive on electrical and electronic waste imposes an
obligation on manufacturers and importers of products to make
relevant information on the presence and location of hazardous
substances in their products available to recyclers.

there are an estimated 400,000 hectares of chemically
contaminated land.% Comprehensive assessments of the
human health effects of most forms of soil pollution have not
yet been published, with the exception of lead (Box 4).1°

Monitoring Wildlife and Human Exposure
Information on hazards posed by chemicals is combined
with data on their supply volumes, use and fate in the
environment to assess risks. Data from monitoring can also
be used to estimate exposure. Exposure can be divided into
external (the total environmental dose an organism is
exposed to) and internal (the dose absorbed and distributed
throughout the body).

Monitoring ‘sentinel’ wildlife species, such as birds of prey
that hunt over relatively large areas and are comparatively
long lived, provides a measure of internal exposure over
time and a geographic area. The long-term UK predatory
bird scheme monitors regulated chemicals; such as POPs,
mercury, and lead; in the livers and eggs of selected
species of predatory and fish-eating birds and otters.1%?
Similarly, the UK Cetacean Strandings Investigation
Programme monitors POPs levels in stranded porpoises,
dolphins and whales.”™

Human internal exposure to persistent substances can be
monitored in breastmilk and blood. For example, the
WHO/UNEP Human Milk survey showed declining trends in
POPs exposure in Europe between 1987 and 2011.1%2 The
US National Health and Nutrition Examination Survey has
collected blood samples since the 1980s for human
biomonitoring.1°® These data suggest that levels and
patterns of human exposure vary with socioeconomic
status,%4 geographic location,% diet, age and body mass
index.106.107.108 The UK is participating in a Horizon 2020
project to co-ordinate a similar human biomonitoring
initiative across 28 countries. Priorities include
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Box 4. Effects of Lead Exposure

Lead is considered a ‘non-threshold’ substance; this means no known
safe blood concentration of lead can be established. % Before its use
was regulated in the 1970s, humans were mainly exposed through
vehicle emissions, contaminated soil, indoor and outdoor dust, food
and other sources such as paint. Although lead production has
increased since the 1970s,''? population exposure has declined.!"!
Blood lead levels in UK children fell from 140—360 micrograms (ug)
per decilitre (dl) in 1964 to around 37 pg/dl in 1991-2 and have fallen
further since.® Lead can affect children’s brain development, and can
cause anaemia, kidney impairment, damage the immune and
reproductive systems and cause cardiovascular disease. 12113114 A
recent study in the US, based on human biomonitoring data of lead in
blood, has suggested there are still 400,000 deaths per year
attributable to the effects of lead exposure. This was because lower
concentrations of lead in blood than previously assumed (less than 5
pg/dl) could be linked to cardiovascular disease deaths. !5

A British Geological Survey study has estimated that urban areas in
England still have a ‘normal background concentration’ of lead of 820
mg/ kg of soil.""€ This is higher than the Category 4 Screening Levels
used to classify whether residential land is contaminated (200-
310mg/kg)."” A number of rivers are also affected by diffuse lead
pollution from contaminated floodplains and old mine workings.86
Floods can re-suspend contaminated sediments, depositing them on
floodplains, '8 as occurred in 2012 in a Welsh catchment
contaminated by historical mining activities leading to lead poisoning
of livestock.!? In the UK, the Environment Agency and Natural
Resources Wales have programmes of remediation measures to stop
metal pollution from abandoned mines affecting rivers.20.121 122
Technologies exist for remediating PTM-contaminated soils that are a
source of diffuse pollutants,? but the options may be pragmatically
limited by cost or if areas have extensive built urban infrastructure.
Requirements for identifying and remediating contaminated land are
set out by the Environmental Protection Act 1990.124

perfluorinated substances, brominated flame retardants
(Box 1) and the PTM’s cadmium and chromium VI1.1%5

Emerging Challenges

Access to Data on Persistent Substances

The Government will publish a Chemicals Strategy setting
out the regulatory framework after EU withdrawal.®® To trade
with the EU, the UK will have to comply with chemicals
regulations on imports (REACH and the Classification,
Labelling and Packaging Regulation) and exports (the Prior
Informed Consent Regulation).*?6 The UK Competent
Authority (HSE with EA on environmental aspects) takes
part in evaluations of the data and decision-making at the
European Chemicals Agency (ECHA) on persistent and
bioaccumulative chemicals. The UK is seeking ‘associate
membership’ of ECHA after EU withdrawal to have access
to data and contribute to evaluation, as Norway does.*?’
However, the UK will not have voting rights and decisions
can be controversial 128

Increasing Complexity

Technological improvement and new approaches could
increase the amount of evidence available,® but demand for
this would need to be driven by regulatory frameworks.
Examples include new analytical techniques that can detect
chemicals in the environment at ever lower concentrations,
and the ‘lifecycle epidemiology’ approach that seeks to
understand the effects of all types of exposure from
conception onwards.*?° Referred to as ‘exposomics’,** this
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approach combines data on a human individuals’ exposure
to chemicals,*3! with their biological responses using
techniques such as proteomics (the protein responses) and
metabolomics (metabolite responses).t3? However,
interpretation of such data can be challenging.'33

Limitations and Uncertainties in Evidence

Limitations and uncertainties in evidence on persistent
chemical risks has created challenges for defining safe
levels of exposure.*® Even when testing has demonstrated
adverse outcomes knowledge gaps remain about how
chemicals interact with biological systems, such as whether
exposure to mixtures could result in a combined effect. 134135
For example, some POPs such as dioxins are emitted as a
complex mixture of chemical forms, to which is assigned a
‘toxicity equivalence factor’ for each form to allow the effects
of a given mixture to be estimated.3® However, such data
are sparse and regulation remains on an individual
substance basis. There is ongoing EU and UK research
projects on mixture toxicology.'37:13 Adverse outcomes may
also arise from a combination of factors and stressors,
creating complexities for apportioning the effects of
chemical exposure. Some commentators suggest weight of
evidence approaches, using the available data, systematic
review and meta-analyses to determine whether harmful
effects are occurring (Box 5).13%.140.141 However, others
argue that substances should be proven to be safe before
their use is allowed, rather than risk based approaches.#?

As monitoring resources are finite, it can be argued that
monitoring wildlife to identify new risks should be a greater
priority. However, commentators have highlighted that
without better knowledge and monitoring of species’
populations and their natural fluctuations, it is challenging to
arrive at definitive answers on harmful effects of
chemicals.'*® The challenge of understanding wider
ecological risks has also been highlighted.144145.146 For
example, effects on groups of species interacting in a
habitat, such as soil micro-organisms; or on the benefits
arising from natural processes (ecosystem services), such
as soil fertility. While there is limited evidence from research
studies, commentators suggest that levels of persistent
chemicals in the environment may also be affected by
climate change. For example, more extreme weather events
may re-mobilise substances in sediments and soils, and
rising temperatures may increase levels of POPs emitted
from soil to air or rates of their degradation (Box 1).147,°

Box 5. Identifying Endocrine Disruptors (EDCs)

Endocrine disruptors (EDCs) are substances that have adverse
effects on the functions of organisms’ hormonal systems. EU
legislation on pesticides and biocides for identifying EDCs requires a
‘weight of evidence approach’ (interpreting and assessing the
available body of evidence) to establish a link between how a
chemical interacts with the endocrine system of an organism and its
subsequent effect.4® ECHA and the European Food Safety Authority
(EFSA) recently published guidelines for identifying EDCs, 4 but
many chemicals have not been tested for EDC properties and there
are uncertainties about ecological and human health effects. 150.151
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