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Science at the
Environment Agency

Science underpins the work of the Environment Agency. It provides an up-to-date understanding
of the world about us and helps us to develop monitoring tools and techniques to manage our
environment as efficiently and effectively as possible.

The work of the Environment Agency’s Science Group is a key ingredient in the partnership
between research, policy and operations that enables the Environment Agency to protect and
restore our environment.

The science programme focuses on five main areas of activity:

Setting the agenda, by identifying where strategic science can inform our evidence-
based policies, advisory and regulatory roles;

Funding science, by supporting programmes, projects and people in response to
long-term strategic needs, medium-term policy priorities and shorter-term operational
requirements;

Managing science, by ensuring that our programmes and projects are fit for purpose
and executed according to international scientific standards;

Carrying out science, by undertaking research — either by contracting it out to
research organisations and consultancies or by doing it ourselves;

Delivering information, advice, tools and techniques, by making appropriate
products available to our policy and operations staff.

Steve Killeen
Head of Science
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Executive Summary

The primary aim of the UK Soil and Herbage Pollutant Survey (UKSHS) project was to establish
a baseline for pollutant levels in soil and herbage in the UK and, where possible, to estimate
historical trends by comparison with earlier surveys. The results are presented in a series of 11
reports of which this, No. 8, deals with polychlorinated biphenyls (PCBs).

Soil and herbage samples collected from rural, urban and industrial sites in England, Northern
Ireland, Scotland and Wales (n = 203) were analysed for 26 selected PCBs in the largest national
survey ever carried out on these persistent organic pollutants (POPs).

Land use is the main determinant of PCB concentrations in soil and herbage. Median PCB
concentrations of all the congener suites (£6, X7 and all 26 congeners) in urban and industrial
soils and herbage are approximately twice those in rural locations. Because PCBs are persistent
in soil, the soil concentrations observed in the UKSHS integrate inputs over previous years —
perhaps the previous 10-30 years. The significant differences between industrial, urban and rural
soil PCB concentrations indicate that, historically, urban and industrial areas were significant
sources of PCBs.

Herbage concentrations more closely reflect current conditions. They too show significantly
higher concentrations in urban and industrial areas compared with rural sites, suggesting that
significant PCB sources are still present in these areas.

Despite the differences in PCB concentrations across land use, PCB congener profiles in rural,
urban and industrial soils and herbage were broadly similar; the elevated contributions observed
from the lower congeners in rural soils and herbage are consistent with their remoteness from
significant sources. The similarity of congener profiles and the trend of decreasing total PCB
concentrations from industrial to rural sites are consistent with emissions at ambient UK
temperatures (probably diffusive leaks from sealed and open sources and from buildings) being
the main release mechanism by which PCBs enter the UK atmosphere.

Congener profiles from those samples with the highest and lowest total PCB burden were similar
— from both urban and industrial soils and herbage — suggesting differences in total PCB
concentration reflect differing deposition intensities rather than different sources.

Comparing the congener profiles of those rural soil samples with the highest and lowest PCB
concentrations also indicated similar congener profiles suggesting similar sources. There were
three exceptions: three samples with high PCB concentrations had congener profiles closer to
Aroclor 1254 than to the average congener profile observed in rural soil samples. This could be
consistent with spillage, but such conclusions are tentative.

There were differences in PCB concentrations across the four countries. Total PCB
concentrations in rural soils in Scotland were significantly higher than those in Northern Ireland,
with England and Wales intermediate. In contrast, total PCB concentrations in English urban soils
were significantly higher than those in the other three countries and concentrations in urban sites
in Northern Ireland were significantly lower than in the other three countries. Trends in herbage
concentrations across the four countries did not follow those in soil, particularly at rural locations.
Total PCB concentrations in herbage from rural sites in Northern Ireland were the highest in the
UK. But, as for land use, congener profiles were broadly similar despite differences in PCB
concentrations between the four countries of UKSHS.

Analysed on a regional rather than a national basis, there were some differences in congener
profiles. The contribution of PCB 28 to total PCB concentrations (used as a simple indicator of
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congener pattern) increased in the north of Scotland compared with the English Midlands (12 per
cent against 5.5 per cent), possibly reflecting increased remoteness from significant sources or
the effects of lower temperatures. Limited analysis of the contribution of the lower congeners to
total PCB loading suggested elevated contributions at coastal sites.

Compared with data from earlier surveys, the results from the UKSHS confirm that soil PCB
concentrations are declining from a peak in the 1960s of around 1,600 pg/kg to 2 ug/kg in 2002.
Levels in herbage showed a similar decline. The contribution of the lower congeners to total PCB
loading in soil has fallen from around 37 per cent in the 1960s to around 3-6 per cent in the last
10 years. This may support conclusions reached elsewhere that UK soils may be ‘out-gassing’
lower congener PCBs but still acting as a sink for heavier congeners, or it may reflect differences
between the degradation rates in soil of lighter and heavier PCB congeners.

PCB data were analysed using Principal Component Analysis (PCA) to investigate the degree to
which patterns and relationships could be identified between samples based on their congener
profiles. This was to address one of the specific aims of this project, namely to determine
whether the pre-defined industrial types had identifiable PCB profiles that were detectable in soil
and herbage samples from the surrounding environment. The PCA component scores obtained
from the UKSHS PCB data demonstrated a degree of separation between sample type (soil or
herbage), site type (rural, urban and industrial) and geographic location (England, Northern
Ireland, Scotland and Wales), but it was not possible to identify specific industries based on their
PCB profiles.

The literature suggests that, at the national scale, diffusive leakage from sealed and open
primary sources, and possibly from buildings, are still the main routes by which PCBs enter the
environment. The data in UKSHS support this. There is no evidence from urban and industrial
sites that high temperature emission (associated with burning, incineration, etc.) or spillage are
significant at the national scale. However, evidence from studies on the PCB burdens of the
livers of predatory birds suggests that levels have not declined significantly since the 1960s. This
apparent inconsistency is puzzling given the marked reduction in the soil burden of PCBs over
that period, and warrants further investigation.

Recommendations

e These data are consistent with earlier conclusions that the main source of PCB emissions
into the UK environment is still primary sources such as sealed transformers and possibly
buildings. Future initiatives to reduce the environmental burden of PCBs at the national scale
still further may need to concentrate on ensuring correct storage and disposal of sealed
sources.

e Three rural soil samples with a high PCB concentration had congener patterns consistent
with spillage. However, the data are equivocal because the pattern is evident in only three
samples and it is still difficult to distinguish unambiguously the congener patterns resulting
from aerial deposition, local high temperature sources or direct spillage. More research is
needed to develop a reliable interpretative framework to distinguish the development of
congener patterns over time from these three sources.

e The data in UKSHS are not consistent with significant localised sources such as spillage
being important at the national scale; the congener patterns are more consistent with leakage
and volatilisation from sealed sources as the main route by which PCBs enter the UK
environment. However, the finding from the Predatory Bird Monitoring Scheme that liver
burdens of terrestrial raptors have shown little or no decline since the 1960s is apparently at
odds with his conclusion and should be explored further.
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Vi

The data from the UKSHS provide, for the first time, a coherent national picture of PCBs in
soils and herbage. Given the persistence of PCBs in soil, similar soil surveys would be

inappropriate at intervals less than 10 years. In contrast, sampling herbage at intervals of, say
five years, is a useful indirect measure of PCB burdens in the atmosphere.

Environment Agency UK Soil and Herbage Pollutant Survey



Acknowledgements

The authors wish to thank the field team staff (Stuart Bradley, Julie Carty, Corinne Davids,
Michael Gilhen, Tom Lowres, Andrew Swettenham and Madeline Warriner) and to acknowledge
the assistance of staff from Parkman Ltd who participated in the fieldwork programme.

The authors also wish to thank staff at the University of Liverpool's laboratory responsible for
conducting the soil property analysis on samples collected as part of the UK Soil and Herbage
Survey.

The authors wish to thank staff at the Environment Agency’s National Laboratory Service (NLS)
Leeds Laboratory responsible for conducting the organics analysis on samples collected as part
of the UK Soil and Herbage Survey. The contribution of Chris Hunter, NLS Leeds Laboratory, is
particularly acknowledged.

The authors also wish to acknowledge the contribution of Angela Rosin, who created some of the
figures and tables in this report.

Thanks are extended to Claire Creaser for advice and guidance on the use of Principal
Component Analysis (PCA) in this report.

The authors also wish to thank Julian Drapiewski for his input into the data processing phase of
this study.

Special thanks are extended to Sally Bielby for co-ordinating the fieldwork programme and for
participating in this aspect of the work.

The authors are grateful to the external reviewer, Professor Kevin Jones of Lancaster University,
for his careful and constructive comments on the report.

Environment Agency UK Soil and Herbage Pollutant Survey vii



Contents

Science at the Environment Agency iii

Executive Summary iv
Glossary of terms iX
1 Introduction 1
1 Aims and objectives 2
2 Introduction to PCBs 4
2.1 Chemical structure 4
2.2 PCB manufacturing and use 5
2.3 Environmental behaviour and fate 8
3 PCB concentrations in UK soils 1
3.1 Soils from rural locations 11
3.2 Soils from urban locations 20
4 PCB concentrations in UK herbage 25
4.1 Herbage from rural locations 25
4.2 Herbage from urban locations 31
5 Soil and herbage from industrial locations 34
5.1 Soils from industrial locations 34
5.2 Herbage from industrial locations 36
5.3 Principal Component Analysis of PCB congener profiles in soil and

herbage from rural, urban and industrial locations in the UK 37
6 Conclusions 45
7 Recommendations 47
List of abbreviations 48
References 49
Appendix 1 PCBs in the UKSHS analytical suite 53

Appendix 2* Microsoft® Excel spreadsheet containing full dataset for rural soils

Appendix 3* Microsoft® Excel spreadsheet containing full dataset for urban soils

Appendix 4* Microsoft® Excel spreadsheet containing full dataset for rural herbage

Appendix 5* Microsoft® Excel spreadsheet containing full dataset for urban herbage

Appendix 6* Microsoft® Excel spreadsheet containing full dataset for soils at industrial
locations

Appendix 7* Microsoft® Excel spreadsheet containing full dataset for herbage at
industrial locations

*Please note Appendices 2 to 7 are only available electronically as Excel spreadsheets on the CD
that accompanies report 1. The CD-ROM is available from the Environment
Agency publications catalogue (publications.environment-agency.gov.uk) under the
following product code: SCHO0607BMTG-E-C

vViii Environment Agency UK Soil and Herbage Pollutant Survey



Glossary of terms

Aroclor
Clophen
Congener

Effective stack
height

Homologue
Industrial

Rural

Semi-rural

Semi-urban

ZPCB

26

X7

Undisturbed site

Urban

A commercial PCB formulation.
A commercial PCB formulation.
A member of a homolog group.

The effective stack height is equal to the physical stack height plus the
plume rise.

A class of PCBs based on degree of chlorination.
A site dominated by some form of industry.

All other areas not categorised as industrial, urban, semi-urban or semi-
rural. Predominantly agricultural land or undeveloped countryside.

Any area within a small town or village. A small town being 3—20 km? in
area and a village being < 3 km? in area.

All areas that abut urban centres and/or are 25 per cent urbanised/built up.
Normally up to 3 km outside the urban core. May also be known as the
urban fringe.

Sum of the concentrations of all 26 PCBs determined in the UKSHS.
Sum of the concentrations of PCB congeners 28, 52, 101, 138, 153, 180.

Sum of the concentrations of PCB congeners 28, 52, 101, 118 138, 153,
180.

Unploughed land which has not had chemicals (pesticides/herbicides)
applied to it. May include common land, meadows, rough pasture, parkland
and fields that are infrequently grazed (if at all). Avoids wooded areas
where possible.

An area which is 290 per cent urbanised/built up. A conurbation may be

formed when a large town and city merge. Urban areas include large towns
(20-50 km? in area) and cities (>50 km? in area).
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1 Introduction

The UK Soil and Herbage Pollutant Survey (UKSHS) was sponsored jointly by:

Environment Agency

Department for Environment, Food and Rural Affairs (Defra)

National Assembly for Wales

Food Standards Agency

Food Standards Agency Scotland

Scottish Environment Protection Agency (SEPA)

Environment and Heritage Service (Northern Ireland)

Scotland and Northern Ireland Forum for Environmental Research (SNIFFER).

The primary aim of the project was to establish a baseline for pollutant levels in soil and herbage
in the UK and, by comparison with earlier surveys, establish historical trends for polychlorinated
biphenyls in soils and herbage. The field-based component of the study involved the collection of
soil and herbage samples for chemical and radiometric analysis from 203 sites (industrial, rural
and urban) throughout the UK (see UKSHS Report No. 2). The samples were analysed for a
range of organic, inorganic and radionucleide determinands by the Environment Agency’s
National Laboratory Service (NLS) and the University of Liverpool’s (UoL) radiometric laboratory
(see UKSHS Reports No. 3 and No. 4). All sample collection and laboratory-based methods used
within the L1JKSHS have been accredited by the United Kingdom Accreditation Service (UKAS) to
ISO17025.

The results from the UKSHS are presented as a series of 11 standalone reports, which can be
read individually or as the complete set. This report, Report No. 8 in the series, describes data for
polychlorinated biphenyls (PCBs).

The report has eight sections:

specific aims and objectives of the PCB contamination survey (Section 2);
properties, origins, behaviour and fate of PCBs (Section 3);

levels of selected PCBs in UK soils (Section 4);

levels of selected PCBs in UK herbage (Section 5);

levels of selected PCBs at UK industrial sites (Section 6);

conclusions (Section 7);

recommendations (Section 8).

Full details of the other reports in the series can be found in UKSHS Report No. 1.

' The University of Liverpool is a UKAS-accredited testing laboratory (No. 2049). Opinions and
interpretations expressed in this report are outside the scope of accreditation.

Environment Agency UK Soil and Herbage Pollutant Survey



1

Aims and objectives

The overall aims and objectives of the UKSHS are detailed in the introductory report (UKSHS
Report No. 1). Each report in the series addresses one or more specific aims. This report
addresses the following specific aims:

to use the best available techniques to determine concentrations of PCBs in soils and
herbage at rural, urban and industrial locations across the UK;

to compare levels of PCBs in soils and herbage from rural, urban and industrial locations;
to compare these concentrations with the results of previous studies in order to establish
possible trends, taking account of any identified changes in the methodologies used for

sampling, drying, sample preparation and analysis;

to identify typical PCB congener profiles which relate to rural areas, urban areas and
industrial sites;

to examine the concentration and congener profile data for information on the main potential
sources of PCBs in the environment.

It is important to be aware of the appropriate use of these data. The information is most powerful
at the national scale, where the number of samples is sufficient to provide statistical robustness.
At the national scale, stratifying data to rural, urban or industrial sites still provides statistical
robustness (n = 366, n = 87, n = 216 respectively). But caution is necessary when interpreting
individual site data as, in general, the statistics will not be robust (n = 3 or 4).

The results are presented in three ways.

Full datasets for rural, urban and industrial soils and herbage are available as
supplementary information in the form of Microsoft® Excel spreadsheets on the CD which
accompanies UKSHS Report No.1.

Descriptive statistics are presented in tables within the text. Descriptive statistics give
means, median, standard deviations, and maximum and minimum values for each dataset.

Comparative statistics are presented in tables within the text Comparative statistics

compare:

— the aggregated dataset from rural, urban and industrial soils and herbage;

— datasets aggregated at the country scale (i.e. England, Wales, Scotland or Northern
Ireland).

The comparisons are by one-way ANOVA (analysis of variance). As the data are not normally
distributed, statistical analysis was carried out on log-transformed results and accordingly,
median values are presented.

All concentration data are quoted in pg/kg unless stated otherwise.

For industrial sites, samples were normally collected at four locations:

a nominal ‘upwind’ site;
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o three sites at increasing ‘downwind’ distances corresponding to an effective stack height (He)
of 5, 10 and 15.

Because of the statistical limitations mentioned above, data from an individual site are not
discussed.

A number of samples were at, or below, the analytical limit of detection (LOD) for the particular
determinand. These are identified in the appendices by the qualifier ‘<‘. For the statistical
analyses, these values were taken to equal the limit of detection. Thus, all the statistical
conclusions are based on the upper bound of values.

Environment Agency UK Soil and Herbage Pollutant Survey 3



2 Introduction to PCBs

2.1 Chemical structure

Discovered in the late 1800s, PCBs are mixtures of synthetic chemicals that are formed from the
chlorination of biphenyl. Their basic chemical formula can be written as C4,H10.,Cl,, where n
represents the number of chlorine atoms (between 1 and 10) that are present within the molecule
(Figure 3.1). In theory, 209 different PCB compounds — or congeners — can be formed

(Table 3.1), but only about 130 different congeners were produced commercially (see

Section 3.2).

Figure 3.1 - Generalised structure of PCBs

PCB congeners can be divided into classes based on their degree of chlorination (Table 3.1).
These classes are called homologues, and congeners with the same number of chlorine atoms
are members of a homologous group. For example, PCBs with the chemical formula C4,HoC4
belong to the monochlorobiphenyl homologue group. Monochlorobiphenyl congeners that have
the chlorine substitution occurring at different positions are isomers of that homologous group.

Table 3.1 — Theoretical numbers of possible PCB isomers at each level of chlorination

No. of chlorine No. of isomers No. of chlorine No. of isomers
atoms atoms
1 3 6 42
2 12 7 24
3 24 8 12
4 42 9 3
5 46 10 1

Subgroups of the PCBs consisting of congeners that are non-ortho substituted (i.e. no chlorine
substitution in the 1,1', 5,or 5' positions) or mono-ortho chlorine substituted (i.e. one chlorine in
the 1,1°,5 or 5’ positions) have been described as ‘dioxin-like PCBs’ (NATO/CCMS 1988) and
assigned Toxicity Equivalency Factors (TEFs)

The compound 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) has a TEF of 1. A further 16
polychlorinated dibenzo-p-dioxin (PCDD) and polychlorinated dibenzofuran (PCDF) congeners
and ‘dioxin-like PCBs’ have been assigned TEFs that relate to the extent of a specific
toxicological effect in comparison with 2,3,7,8-TCDD (see UKSHS Report No. 10). The World
Health Organisation (WHO) TEFs for the PCB determinands in the UKSHS are given in

Table 3.2.
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Table 3.2 - WHO Toxic Equivalency Factors for PCBs studied in the UKSHS

Non-ortho PCBs WHO-TEF Mono-ortho PCBs WHO-TEF
PCB 77 0.0001 PCB 105 0.0001
PCB 81 0.0001 PCB 114 0.0005
PCB 126 0.1 PCB 118 0.0001
PCB 169 0.01 PCB 123 0.0001
PCB 156 0.0005
Di-ortho PCBs 0 PCB 157 0.0005
PCB 167 0.00001
PCB 189 0.0001

211 PCBs studied in the UKSHS

The list of 26 PCB congeners determined in the UKSHS was defined by the sponsoring
authorities (see Section 1) on advice from the Food Standards Agency.

The detailed datasets (see Sections 4-6) include data for:

e YPCB (sum of all 26 congeners);
e 36 PCB (sum of congeners 28, 52, 101, 138, 153, 180);
e X7 PCBs (sum of congeners 28, 52, 101, 118, 138, 153, 180).

Appendix 1 lists the International Union of Pure and Applied Chemistry (IUPAC) numbers of the
26 PCBs investigated as part of the UKSHS.

2.2 PCB manufacturing and use

221 Manufacturing

PCBs were manufactured between 1930 and 1993. Breivik et al. (2002a) estimated the global
production over that period as ~1.3 million tonnes, but acknowledged that this was probably an
underestimate.

Approximately 66,500 tonnes of PCBs were manufactured in the UK between 1954 and 1977 (de
Voogt and Brinkman 1989) Of this, around 27,000 tonnes were exported to other countries where
the PCB mixtures would have been used in a range of products. There are no figures available
on quantities of PCBs imported into the UK.

PCBs were sold and used commercially as complex mixtures of congeners that varied in their
composition according to the manufacturer (e.g. Monsanto produced Aroclor mixtures and Bayer
produced Clophen mixtures) and intended end use. Aroclor mixtures produced by Monsanto
were used widely in the UK and allocated codes such as ‘1254’ and ‘1260’. The last two numbers
indicate the overall percentage by weight of chlorine in the product (e.g. 54 per cent in Aroclor
1254). Figure 3.2 illustrates the congener profiles in four of the most common Aroclor mixtures.

Figures for the production of individual congeners indicate that, until the 1960s, homologues with
2—7 chlorine atoms [dichlorobiphenyls (di-CBs) to heptachlorobiphenyl (hepta-CBs)] accounted
for around 97 per cent of production. Increasing concern over the environmental persistence of
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the heavier (i.e. more chlorinated) homologues resulted in a reduction in the production of hexa-,
hepta and octa-CBs.

In response to the recognised environmental impact of PCBs, their production in the UK ceased
in 1976, although sales of PCBs in closed systems (e.g. electrical equipment) were permitted
until 1986. The Environmental Protection (Disposal of Polychlorinated Biphenyls and Other
Dangerous Substances (England and Wales) Regulations 2000 (more commonly referred to as
‘The PCB Regulations’) made it a criminal offence to hold unregistered PCBs or contaminated
equipment in the UK after 31 July 2000.

Similar reductions in the production and use of PCBs have occurred on an international scale.

c _
S

3 020 1016
2 m1242
& []1254
o %19 I 1260
s =

®

E 0.10

| . ‘l‘ m 0B HL il ]‘n‘ ”-‘ ‘|-h‘ nom [l o

0 T L Uy SRS T
18 28 31 47 49 51 52 77 81 99 10 10 11 11 12 12 12 13 15 15 15 16 16 17 18 18
15 4 8 3 6 8 8 3 6 7 7 9 0 0 9

Congener

Figure 3.2 — Relative PCB congener data for Aroclors 1016, 1242, 1254 and 1260 (based on
data from Frame et al. 1996)

2.2.2 Use

PCBs were utilised in a wide variety of open, nominally closed and closed systems. Their
physical properties include:

low dielectric constant;

low vapour pressure;

low flammability;

high heat capacity;

low water solubility;
lipophilicity;

chemical and thermal stability.

These properties were exploited in a wide variety of applications such as:

e heat transfer fluids in transformers and capacitors;
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plasticisers and additives in plastics;
lubricating oils and hydraulic oils;
solvent extractors;

dielectric fluids.

Since the 1970s, their main use was in closed systems such as transformers and large
capacitors (Breivik et al. 2002b).

2.2.3 Emissions

Estimates of total PCB emissions in the UK between 1990 and 1998 are available from the UK
National Atmospheric Emissions Inventory (NAEI) (Dore et al. 2003). Since 1999, speciated data
have been incorporated into the emission estimates, thus allowing reporting of the ‘dioxin-like’
PCBs as WHO-TEQ.

According to Dore et al. (2003), PCB emissions in the UK fell by 78 per cent between 1990 and
2001. This trend is expected to continue as the remaining PCB-containing equipment is phased
out.

Breivik et al. (2002b) provide a comprehensive assessment of the emissions of PCBs from:

e closed and open usage;
e disposal;
e accidental spillage/leakage.

Unsurprisingly, the data are incomplete and the estimates are, at best, orders of magnitude
values. Readers are referred to the original paper for more detail.

Recent estimates suggest around 63 per cent of PCB emissions come from sealed capacitors,
11 per cent from small-scale burning and 3 per cent from energy production (Defra 2006),
although the estimated contribution from small-scale burning is subject to considerable
uncertainty.

Halsall et al. (1995) identified building air as one of the primary sources of PCB 52 to the urban
atmosphere of Manchester. The release (out-gassing) of PCBs from building materials such as
window sealants may increase in importance as other sources decline.

In terms of this report, a number of points are important:

e Until recently, the majority of PCB emissions were due to use, rather than disposal or
accidental leakage.

e The congener pattern in emissions depends closely on temperature:
— Emissions at ‘ambient temperatures’ — corresponding nominally to continuous releases —
account for 60 per cent of the modelled emission of PCB 28, but only 5 per cent for the
less volatile PCB 180.
— Emissions of the more chlorinated, less volatile, congeners are associated with higher
temperature sources such as fires.

Environment Agency UK Soil and Herbage Pollutant Survey 7



2.3 Environmental behaviour and fate

PCBs are ubiquitous and resistant pollutants in the global environment. Although they are among
the most widely studied environmental contaminants, the complexity of the processes involved in
their emission, subsequent transport, deposition and degradation or re-emission means we are
some way from understanding the factors that determine both the amount and congener pattern
of PCBs in an environmental compartment.

Both the amount and congener pattern of PCBs emitted from a source are closely dependent on
temperature. At UK ambient temperatures, it is likely that differences in the vapour pressures of
individual congeners will mean the emitted congener pattern will not match that of the source; in
general, the less chlorinated homologues will feature disproportionately in the emission. Only at
higher temperatures, such as those produced by combustion or fire, will the emitted congener
pattern approach that of the source (Breivik et al. 2004). Allied to this point is the implication that
emitted congener patterns high in the heavier chlorinated homologues may indicate high
temperature sources.

Once emitted, PCBs are subject to:

e transport;
e destruction by, for example, reaction with hydroxyl radicals;
e deposition by both wet and dry deposition.

Beyer et al. (2000) used modelling to estimate the long-range transport potential of PCB
homologues. They concluded that the potential decreased in the order: tetra-PCBs > hexa-PCBs
> hepta-PCBs > deca-PCBs. This conclusion is broadly confirmed by congener patterns
observed in northern latitudes remote from PCB usage, which show enrichments of the lower
molecular weight PCB congeners (Meijer et al. 2002). Limited comparisons between congener
patterns in rural and urban soils also suggest that lower molecular weight homologues are
enriched in rural soils (Motelay-Massei et al. 2004).

Once deposited on soil, PCBs may be:

e degraded by soil micro-organisms or photodegradation;
e occluded and adsorbed by soil organic matter;
e re-emitted by volatilisation.

Adsorption by soil organic matter is an important retention mechanism for PCBs in soil. Meijer et
al. (2003) reported a correlation between soil PCB level and soil organic matter; however, the
relationship is based on log—log plots, so is less convincing than it could be. Working on
lysimeters (see below) that received "*C-labelled PCBs in 1990, Doick et al. (2005b) concluded
that sequestration of PCBs by the mineral fraction of the soil may be more important than
previously thought.

Estimates of the half-life of PCB congeners in soil vary significantly and, in some cases, not all
loss mechanisms are included:

e Freshly incorporated PCB congeners exhibited half-lives in a range of soils varying from 90 to
98 days for congener 28, and from 5,776 to 17,239 days for congener 180 (Ayris and Harrad
1999). The main loss mechanism was inferred to be volatilisation.
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e Sinkkonen and Paasivirta (2000) suggested half-lives for PCBs in soil ranging from 1,083
days for congener 28, to 13,750 for congener 180. But only photodegradation in the upper
soil layers was considered.

e There is evidence to suggest the degradation of lower molecular weight congeners is
dominated by aerobic microbial activity, while the de-chlorination of higher molecular weight
PCBs to lower molecular weight congeners is predominantly due to anaerobic activity (Brown
et al. 1987a, Brown et al. 1987b, Haluska et al. 1995).

There are few long-term field studies on PCB degradation and loss in soil. One such is a
lysimeter study (Doick et al. 2005a) in which '2C- and '*C-labelled PCBs (and PAHs) were added
to the soil in 1990 and subsequently re-sampled over the following 12—-13 years. Estimates based
on both the "?C and "C data suggest half-lives for PCB 28 and 52 of 10.9 and 11.2 years; these
are considerably longer than previously estimated half-lives.

In some cases, volatilisation is the main mechanism by which PCBs are lost from soil. This is
particularly true for the lower congeners with vapour pressures around 0.5 mPa at typical UK
ambient temperatures (Beyer et al. 2000).

Calculations based on the fugacity approach (fugacity is a measure of the ‘tendency to escape
an environmental compartment’) suggest that soils in the UK may now be net sources of the
lower PCB congeners but still net sinks for the heavier congeners (Cousins and Jones 1998).
However, a more recent study — also using fugacity — concluded that UK soils are still net sinks of
PCBs 28, 153 and 180 (Dalla Valle et al. 2005).

Studies on archived soil samples from the Rothamsted Experimental Station indicate that,
alongside significant reductions in the burdens of total PCBs in soil, the congener pattern has
changed in recent years: the contribution of the lower congeners to total PCB concentrations has
declined while the heavier congeners have increased (Lead et al. 1997).

Re-emission and participation in the so-called ‘grasshopper effect’ (Gouin et al. 2004), in which
the molecule undergoes a series of emission—deposition cycles, is likely — on the basis of the
physical chemistry of the process — to be more important for the lower molecular weight
homologues.

Uptake of PCBs from soil by plants is negligible (Bacci and Gaggi 1985), so levels of PCBs in
plants reflect deposition (both wet and dry) from the atmosphere. Thus, while levels and
congener patterns of PCBs in soil reflect inputs over the preceding years and decades, those in
plants predominately reflect relatively recent atmospheric conditions. This distinction is a useful
indicator of recent changes in deposition pattern and intensity.

PCBs have very high octanol-water partition coefficients (KOW); their log KOW values range
from 4.5 for monochlorobiphenyls to >8 for higher chlorinated PCBs. Consequently, PCBs
bioaccumulate in lipophilic matrices along aquatic and terrestrial food chains.

Congeners that persist through food chains are stable and persistent, have a higher degree of
chlorination, and at least one chlorine atom on the ortho position.

PCB molecules that lack chlorine at the ortho positions, but have chlorine atoms at both the para
(4 or 4’) positions and at least one meta (3, 3’, 5 or 5’) position, end up with a structure that is
related to that of the dioxins and, consequently, have ‘dioxin-like’ effects in wildlife and humans.

This summary of the fate and behaviour of PCBs suggests the following important points:

Environment Agency UK Soil and Herbage Pollutant Survey 9



Historic emissions of PCBs occurred predominately through usage rather than disposal or
accidental leakage.

PCB homologues vary widely in their vapour pressure. At typical UK ambient temperatures,
congener patterns in the emission will not match those in the source and will probably be
enriched in the lower chlorinated homologues.

Congener patterns in emissions from fires and burning will more closely match those of the
source. In particular, the more chlorinated homologues will be elevated compared with
emissions at ambient temperatures.

PCBs are subject to long-range transport (LRT). The importance of LRT decreases with
increasing chlorination in the order: tetra > hexa > hepta > deca.

In the UK, soils may now be out-gassing the lower PCB congeners to atmosphere (i.e. they
are sources), but still be a sink for the heavier congeners.

In the simplest terms, these points suggest:

sites remote from significant sources may show elevated contributions from the lower
molecular weight homologues compared with those near such sources;

sites influenced by high temperature sources may show elevated contributions from higher
molecular weight homologues;

differences in congener patterns between soils and plants could indicate recent changes in
sources or deposition intensity.

In practice, these simple relations may be confounded by the complex suite of processes
involved in the emission and transport of PCBs. In addition, the distance between source and
deposition in the UK may be insufficient to allow significant congener fractionation; in effect there
will be few sites which are truly ‘remote’ from any source.

From the perspective of environmental protection, the data obtained from the UKSHS will be
interrogated to provide information on:

10

the extent to which geography and land use influence PCB concentrations in soil and
herbage;

evidence on recent changes in sources (from a comparison of soil and herbage congener
patterns);

extent to which rural, urban and industrial locations reflect differing potential sources;
extent to which geographical regions of the UK reflect differing potential sources;

relative significance of continuous sources (losses at ambient temperature) and non-
continuous sources (fires, burning) as evidenced by shifts in congener distribution towards
higher chlorinated congeners;

the relative importance of primary sources of PCBs (i.e. initial emissions from sources) and
secondary sources arising through re-emissions (i.e. the release of lower congeners from
soil).

Environment Agency UK Soil and Herbage Pollutant Survey
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3.1

Soils from rural locations

PCB concentrations in UK soils

The full dataset for the concentrations of the selected 26 PCB congeners determined in rural
soils collected in 2001/2002 from sites in England, Northern Ireland, Scotland and Wales (n =
366) is given in Appendix 2. The table includes data for TPCB, X6 PCB and X7 PCB (see Section

3.1.1).

Descriptive statistics for the full dataset and for each country (England, Northern Ireland,
Scotland and Wales) are presented in Table 4.1. The levels of XPCB (sum of 26 congeners)
ranged from 0.22 to 62.8 pg/kg with a mean of 2.02 pg/kg and a median value of 1.01 ug/kg.
Table 4.2 gives the comparative statistics for rural soil concentrations in England, Northern
Ireland, Scotland and Wales.

Table 4.2 — Comparative statistics for rural soil concentrations in England, Northern
Ireland, Scotland and Wales (median values)*

England Northern Ireland Scotland Wales
%6 0.582 0.35° 0.67° 0.64°
>7 0.63° 0.39° 0.72° 0.67°
Total 0.97° 0.64° 1.102 1.02%°

* Figures with different superscript letters in the same row are significantly different at the 5 per cent level or greater.

The data for PCBs in rural soils are heavily skewed and the statistical analysis, even after log-
transformation, is not entirely robust. Total PCB concentrations in Wales and Scotland are
significantly higher than those in Northern Ireland, with England intermediate.

3.1.1 Comparisons with earlier surveys

Table 4.3 summarises UK soil concentrations of PCBs reported in past surveys against which the
present data may be compared.

The most recent survey of PCBs in UK soils was carried out as part of the Monitoring and
Assessing Soil Quality (MASQ) in Great Britain project (Black et al. 2002). The MASQ project
undertook a nationwide survey of soil chemical and biological properties as part of the
Countryside Survey 2000. Samples were taken to 5-cm depth as in UKSHS, but 33 PCBs were
analysed compared with 26 in the UKSHS. Median levels for rural soils in the MASQ survey were
2.1 ug/kg for England and Wales combined and 3.1 ug/kg for Scotland. These compare with
UKSHS median values of 0.97, 1.01 and 1.10 pg/kg for England, Wales and Scotland.

The previous National Survey of PCBs and PCDD/DFs in UK soils (Creaser and Fernandes
1986, Creaser et al. 1989, HMIP 1989, HMIP 1995) gives an indication of recent changes in PCB
burdens in UK soils. Median XPCB concentrations in these surveys, which date from 1989 and
1995, were 7.2 and 6.5 ug/kg respectively (see Table 4.3). These data refer to England, Wales
and lowland Scotland. Some caution is needed when comparing results from earlier surveys as
“Total PCBs” was derived from responses in electron capture devices rather than the sum of 26
individual PCBs, as reported in later work. Meijer et al. (2003) reported a median ZPCB
concentration of 1.73 pg/kg for samples collected in 2001.
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Comparing subsets of PCBs such as the X6 subset also suggests significant reductions in soll
PCB concentrations in recent years. Median X6 concentrations shown in Table 4.4 indicate a
range of 0.6—1.1 ug/kg for samples taken between 1989 and 2001 compared with 8.1 ug/kg
obtained by Ball et al. (1993) in 1992.

Considering the MASQ data and the reservations noted above, the suggestion is a reduction in
PCB loadings in UK soil from around 5-6 ug/kg in the late 1980s to 1-2 ug/kg in 2000-2002.

Recent downward trends in ambient air concentrations during the last 10 years in both UK urban
and rural air (Coleman et al. 1997, Sweetman and Jones 2000) confirm declining source inputs of
PCBs to the UK environment. These datasets suggest that PCB levels are decreasing with
average congener specific half-lives ranging from approximately 2 to 6 years (see Table 4.5).

These recent declines confirm trends apparent from the analysis of archived soils at the
Rothamsted Experimental Station. Figure 4.1 shows the total PCB concentrations measured on
archived samples from the 1940s, together with data from Alcock et al. (1993).
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Figure 4.1 — Historical trend in PCB concentrations in UK soils

Bearing in mind the reservations about comparing data from different surveys noted above, the
trends suggest a significant decline in PCB burdens in soil from around 1,600 ug/kg in the
1950s—1960s to around 1-2 ug/kg today. Much of this decline predates the reported significant
reduction in PCB emissions between 1990 and 2004 (Defra 2006) and may reflect significantly
higher emissions in the 1940s and 1950s, which had already fallen by the early 1990s.
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Table 4.5 — Congener-specific PCB half-lives in UK rural air

Congener No. of data points used — Half-life (year) 95% Cl :
Minimum Maximum

PCB 28 167 1.7 4.2
PCB 52 215 1.6 2.3
PCB 101 200 21 4.3
PCB 118 210 2.3 5.5
PCB 153 113 2.3 6.6
PCB 138 139 3.0 11.9

Source: Sweetman and Jones 2000
CIl = confidence interval
3.1.2 Relation between PCB concentrations and soil properties

Statistical analysis of data from other surveys (e.g. Meijer et al. 2003) indicated that there may be
a weak correlation between percentage organic matter and PCB concentration in soil, particularly
for the lower congeners.

Figure 4.2 shows the correlation between total PCB concentrations and soil organic matter for all
the rural sites in UKSHS. There is no correlation, suggesting other factors such as proximity to

sources and local meteorological conditions may be more important in determining PCB loadings
in soil.
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Figure 4.2 — Organic matter versus ZPCB soil concentration for the rural dataset
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Percentage contribution to total PCBs

31.3 Congener profiles in rural soils

Figure 4.3 shows the congener profiles for the 26 PCBs observed in rural soils from England,
Northern Ireland, Scotland and Wales. For clarity, the data are presented as the average

percentage contribution for each congener to total PCB concentrations. Note that this method of

calculation means that some contributions do not add up to 100.
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Figure 4.3 — Average PCB congener profiles for the 26 PCBs studied in rural soils from
England, Northern Ireland, Scotland and Wales

The profiles are broadly similar and reflect the prominent congeners in the most used Aroclor
mixtures. There is a suggestion that the lower congeners, particularly PCBs 28 and 31, are
elevated in contribution in Scotland and, to a lesser extent, Northern Ireland. However, the
differences are not statistically significant.

The sampling density precludes nesting the data much further, but there are some interesting
patterns when the data are analysed at the regional rather than country level:

O England
® N.Ireland
O Scotland
0O Wales

e Using the percentage contribution of PCB 28 to total PCBs as a simple indicator of congener

pattern, it is apparent that the contribution in the far north of Scotland is significantly higher

than that in the English Midlands (12 per cent against 5.5 per cent).

e Using the ratio (PCB 28+PCB 52)/(PCB 153+PCB 180) as in the earlier Panteg survey (Ball

et al. 1993) also suggests elevated contributions from the lower PCB congeners in coastal

and western sites. This may reflect the relative remoteness from significant sources (e.g. in
the north of Scotland) and hence an enrichment of lower PCB congeners (see Section 3.3),

or the effects of lower ambient temperatures in Scotland reducing the contribution of the

heavier, less volatile congeners. Similar congener fractionation was observed by Meijer et al.

(2002).

The time trend of PCB 28 contribution to total soil PCB concentrations is also interesting. Alcock
et al. (1993) reported contributions of PCB 28 to total soil PCB rising from 16 per cent in 1942 to

37 per cent in the 1960s — the period of peak PCB usage. By 1992, PCB 28 contribution had
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Percentage contribution to total PCBs

fallen to 3 per cent. The average PCB 28 contribution to the total PCB soil concentration in
English rural soils in UKSHS was 6 per cent.

This trend may support the hypothesis that, following the period of significant emissions, UK soils
gradually switched from sinks to sources for the lower PCB congeners; in effect soils were ‘out-
gassing’ the lighter congeners.

314 Evidence for recent significant sources

The similarity of congener profiles across the four countries is consistent with a common source
of PCBs — probably the air mass above the UK.

Probing the data further reveals some interesting facts. Figure 4.4 compares the average
congener profiles for the 10 per cent samples with the highest total PCB concentration with the
10 per cent with the lowest (NB three samples were taken at each site). The highest sample is
excluded as the PCB 77 concentration is anomalous.
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Figure 4.4 — Congener profiles of the 10 per cent highest and lowest rural soil samples

The lowest 10 per cent of samples have elevated contributions from the lower congeners (18—
31). This could reflect remoteness from a significant source; other studies have suggested that
more remote sites have elevated contributions from lower, more volatile congeners (Motelay-
Massai et al. 2004). The enrichment in the higher congeners (128—-180) in the top 10 per cent
samples may simply result from the elevated contribution from the lower congeners observed in
the lowest 10 per cent.

Interestingly, the second highest sample in the rural soil dataset has a congener profile closer to
Aroclor 1254 than to the average congener profile for rural soils (Figure 4.5). The other two
samples from the site (three samples were taken from each 20 m x 20 m sample location) did not
show elevated total PCB concentrations, but have very similar congener profiles. This is
consistent with a spillage rather than the proximity of a high temperature source.
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Figure 4.5 — Congener profiles of the second highest rural site compared with the rural
average and Aroclor 1254

3.2 Soils from urban locations

The full dataset for the concentrations of the selected 26 PCB congeners determined in soils
collected from sites in 29 towns and cities in England, Northern Ireland, Scotland and Wales (n =
87) are given in Appendix 3. The table includes data for X PCB, X6 PCB and =7 PCB (see Section
3.1.1).

Descriptive statistics for the full dataset and for each country (England, Northern Ireland,
Scotland and Wales) are presented in Table 4.6. The levels of ZPCB (sum of 26 congeners)
ranged from 0.10 to 39.34 nug/kg, with a mean of 3.04 pg/kg and a median value of 1.86 ug/kg.

Table 4.7 gives the comparative statistics for the urban and rural datasets. As the data are
strongly skewed and not normally distributed, statistics were performed on log-transformed
results, for which the median values are a better indicator. In general, urban PCB concentrations
are approximately twice those in rural soils. This is consistent with previously reported urban
PCB concentrations (Table 4.9).

Table 4.7 — Comparative statistics for urban and rural soils in the UKSHS (median values)*

Rural soils Urban soils
z6 0.60° 1.04°
Y7 0.66° 1.18°
Total 1.012 1.86°

* Values in the same row with differing superscripts are significantly different at the 5 per cent level or
greater.

Table 4.8 gives the comparative statistics for urban soils in England, Northern Ireland, Scotland
and Wales. The statistics were performed on log-transformed results. For the three congener
sets, urban concentrations in Northern Ireland are significantly lower than in the other three
countries. Concentrations of total PCBs are significantly higher in English urban soils compared
with the other three countries.
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Table 4.8 — Comparative statistics for urban soils in England, Northern Ireland, Scotland
and Wales (median values)*

England Northern Ireland Scotland Wales
%6 1.552 0.41° 0.86% 1.00%°
7 1.77° 0.48° 0.98° 1.17%°
Total 2.522 0.69° 1.43° 1.88°

Percentage contribution to total PCBs

* Values in the same row with differing superscripts are significantly different at the 5 per cent level or
greater.

3.21 Comparisons with earlier surveys

Urban soil PCB data have been reported for sites in Germany (Krauss and Wilcke 2003) and Italy
(Notarianni et al. 1998). Krauss and Wilcke reported data for 12 PCBs, including the X7 group,
and observed median values in the range 0.82—-158 ug/kg, while Notarianni reported 6 PCB
concentrations in the range 6.1-98 nug/kg (Table 4.9). The range for all sites in the present survey
(0.06-27 pg/kg for 6 PCB and 0.07-30 pg/kg for £7 PCB) is narrower and lower than that
observed for both these surveys.

3.2.2 Congener profiles in urban soils

Figure 4.6 compares the congener profiles (expressed as percentage contribution to total PCBs)
for UK rural and urban soils. Figure 4.7 presents the data for urban soils in the same way, but for
the four countries of the UKSHS.
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Figure 4.6 — Congener profiles in urban and rural soils

The PCB congener profiles for urban and rural soils are broadly similar, but the contribution of
the lighter congeners (18-31) is significantly higher in rural soils. Using the ratio of PCB 28 to
total PCBs as a simple indicator confirms that the average PCB 28 contribution in rural soils is 7
per cent, while that in urban soils is 2.5 per cent.

The increased importance of the lighter congeners in rural — presumably more remote sites — is
consistent with the hypothesis that the lighter congeners have longer average transit distances
(Beyer et al. 2000). Motelay-Massei et al. (2004) observed enrichment of the lighter PCB
congeners in rural locations compared with urban sites.
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Figure 4.7 — Average congener profiles in urban soils in England, Northern Ireland,
Scotland and Wales

Comparing the congener profiles in urban soils across the four countries of the UKSHS

(Figure 4.7) suggests, as for rural soils, that the contribution of the lighter congeners is enhanced
in Scotland and, to a lesser extent, in Wales. The significantly lower PCB concentrations in
Northern Ireland are not reflected in the congener profiles, suggesting similar sources but
different deposition intensity.

3.2.3 Evidence for recent significant primary sources

The slight enrichment in lower PCB congeners in rural compared with urban soils suggests the
latter are closer to significant sources, though the differences are secondary.

Overall the congener profiles for rural and urban soils suggest broadly similar sources over the
last 10-20 years.

Comparing the congener profiles of the 10 per cent of urban samples highest in total PCBs to the
10 per cent lowest does not show the same differences in congener profile as seen for rural soils.
Indeed, the profiles are very similar, suggesting that variations in total PCB concentration in
urban soils reflect deposition intensity rather than different sources (data not shown).
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4 PCB concentrations in UK
herbage

4.1 Herbage from rural locations

In theory, vegetation can acquire PCBs via root or leaf uptake. But a number of experiments
have suggested that root uptake for PCBs is negligible (for a review see Barber et al. 2004).
Exchange of PCBs between air and the leaf is complex and not satisfactorily understood. Local
meteorological conditions (temperature and wind speed), the reactive surface area of the leaf
and the permeability of cuticle wax to PCBs all appear important. The efficiency of exchange
across the boundary layer at the leaf surface may also be a rate determining step (Barber et al.
2004). Model experiments in which grass was exposed to Aroclor vapour suggest that exchange
and uptake of PCBs by the grass was a two-stage process involving two compartments in the
leaf with fast and slow equilibration (Hung et al. 2001).

Despite the two-phase equilibration, PCBs levels in vegetation more closely reflect ambient
atmospheric PCB concentrations than those in soil. The persistence of PCBs means that the
levels of soil probably integrate inputs to the soil over the previous 10-20 years. Thus, comparing
congener profiles in soils and vegetation may give information on temporal changes in PCB
sources

The full dataset for the concentrations of the selected 26 PCB congeners determined in rural
herbage collected from sites in England, Northern Ireland, Scotland and Wales (n = 366) is given
in Appendix 4. The data are presented as ng/kg dry weight of herbage, using the drying
procedure described in UKSHS Report No. 3. The table includes data for XPCB, 26 PCB and X7
PCB (see Section 3.1.1).

Descriptive statistics for the full dataset and for each country (England, Northern Ireland,
Scotland and Wales) are presented in Table 5.1. ZPCB (sum of 26 congeners) concentrations
range from 0.27 to 255 ug/kg, with a mean of 1.13 pug/kg and a median value of 0.90 ug/kg.

Table 5.2 summarises the comparative statistics across England, Northern Ireland, Scotland and
Wales. The data presented are the median values; the statistical analyses were performed on
log-transformed results. Despite concentrations of total PCBs in rural soils being lowest in
Northern Ireland, concentrations in herbage there are the highest of the three countries. Whether
this reflects recent increases in deposition intensity is not clear.

Table 5.2 — Rural herbage PCB concentrations in England, Northern Ireland, Scotland and
Wales (median values)

England Northern Ireland Scotland Wales
%6 0.40° 0.43° 0.38° 0.48°
X7 0.442 0.47°2 0.41° 0.52°
Total 0.89" 1.21° 0.85° 1.09%

* Figures with different superscript letters in the same row are significantly different at the 5 per cent level or greater.
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411 Comparison with earlier surveys

Table 5.3 summarises UK herbage levels reported for PCBs in past surveys against which the
present data may be compared. In contrast to the large number of surveys of PCB concentration
in soil, little published data exist for PCBs in herbage. Comparisons between different survey
data should be interpreted with caution, since concentrations of PCBs measured in grass will be
a sum of all input (deposition, soil re-suspension) and loss (volatilisation, photolysis, cuticle
shedding, degradation and growth dilution) processes. These will vary depending on the degree
of chlorination, seasonal variations, biological and meteorological factors. Concentrations are
also strongly influenced by sample treatment, in particular drying procedures.

Table 5.3 — Summary table of PCB concentrations reported for UK rural herbage in
previous surveys (‘ZPCB’ as reported)

Source Location Land use | Collection | n ~PCB (ng/kg)
year Mean | Median Range

Thomas et al. | North west Pasture 1996 12 1.30 0.62-3.05
1998 England
Ball et al. Wales Pasture 1984/5 9.10 6.90
1991 (Panteg

area

>1,500m)

The most recent survey of PCBs in UK herbage was carried out in north west England (Thomas
et al. 1998); ZPCB concentrations for the 52 PCB congeners measured in all samples ranged
from 0.62-3.05 pg/kg, with a mean of 1.30 pug/kg. These results are similar to the mean *PCB
levels for the 26 PCBs in the present survey of 1.13 pg/kg for all data and 1.07 ug/kg for herbage
collected in England. Since both datasets contain the prominent PCBs present in commercial
formulations, these data suggest similar herbage levels in both surveys.

The Panteg survey (Ball et al. 1991) provides some of the oldest comparative data, which relate
principally to Welsh sites. Data reported in Table 5.3 refer to background sites only. The data are
reported as ‘Total PCB’ and the sampling and sample drying procedures were very similar to
those of the UKSHS survey. These data therefore provide a good comparison with the results
from this survey and show that the present levels are significantly lower.

Trends in PCB concentrations for archived herbage support these observations, demonstrating a
sharp decline in concentration since the mid-1960s (Jones et al. 1992). Archived studies suggest
that lower chlorinated congeners have decreased by up to a factor of 50 between 1965-1969 and
1985-1989.

41.2 Congener profiles in rural herbage

Figure 5.1 shows the average congener profiles in rural herbage expressed as the percentage
contribution for each congener to the total PCB load. The congener profiles are broadly similar
across the four countries, suggesting similar sources across the UK. But, as for rural soil, the
country with the highest total PCB concentration (Northern Ireland) shows elevated contributions
from PCB 31. Thus, although the broad similarity of the congener profiles would be consistent
with the majority of PCB emissions being ambient release from diffuse sources, there appears to
be some association between elevated contributions from PCB 31 and the highest total PCB
concentrations.

Figure 5.2 compares the congener profiles in rural soil and herbage. Herbage is significantly
enriched in the lower congeners (18-52) compared with soil.
26 Environment Agency UK Soil and Herbage Pollutant Survey



Figure 5.3 shows typical PCB congener profiles in rural and urban air. The enrichment of lower
congeners in rural herbage mirrors that in rural air, confirming earlier findings that vegetation
tracks atmospheric loadings of PCBs more closely than soils.
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Comparative air and herbage data reported by Thomas et al. (1998) are shown in Figure 5.4. The
mixture of PCBs associated with vegetation was strongly influenced by the mixture in the
atmosphere, although the heavier congeners were relatively enriched in the grass compared with
the air. This reflected differences in the temperature controlled air/gas phase/vegetation

partitioning behaviour.
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4.2 Herbage from urban locations

The full dataset for the concentrations of the selected 26 PCB congeners determined in herbages

collected from 29 urban sites in England, Northern Ireland, Scotland and Wales (n = 87) are
given in Appendix 5. The data are presented as ng/kg dry weight of herbage. The table includes
data for ZPCB, 26 PCB and X7 PCB (see Section 3.1.1).

Descriptive statistics for the full dataset and for each country (England, Northern Ireland,
Scotland and Wales) are presented in Table 5.4. The levels of ZPCB (sum of 26 congeners) in
urban herbage ranged from 0.43 to 5.43 ug/kg, with a mean of 1.50 ug/kg and a median value of

1.24 pg/kg.

Comparative statistics comparing urban and rural herbage concentrations are presented in

Table 5.5. The results presented are median values as the statistics were performed on log-
transformed results. As for the comparison between rural and urban soils, concentrations in
urban herbage are significantly greater than those in rural samples.

Table 5.5 — Comparative statistics for rural and urban herbage in the UKSHS (median

values)*

Rural Urban
%6 0.40° 0.61°
7 0.432 0.71°
Total 0.902 1.24°

* Figures in the same row with different superscript letters, differ significantly at the 5 per cent level or

greater.

Table 5.6 presents comparative statistics for the four countries analysed as for Table 5.5. For all
three congener sets, concentrations in urban herbage in England and Scotland are significantly
higher than in Northern Ireland and Wales.

Table 5.6 — Comparative statistics for urban herbage in England, Northern Ireland,

Scotland and Wales*

England Northern Ireland Scotland Wales
6 0.79° 0.39° 0.80° 0.39°
>7 0.90° 0.41° 0.93° 0.43°
Total 1.55° 0.93° 1.51° 0.74°
* Figures in the same row with different superscript letters, differ significantly at the 5 per cent level or
greater.
421 Congener profiles for urban herbage

PCB congener profiles for the 26 PCBs observed for urban herbage from England, Northern
Ireland, Scotland and Wales are shown in Figure 5.5.
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Figure 5.5 — Average congener profiles in urban herbage from England, Northern Ireland,
Scotland and Wales

The significantly lower PCB concentrations in urban herbage in Northern Ireland and Wales are
reflected in the congener profiles, suggesting either different sources or greater distances to
sources in these two countries. Contributions of the lower congeners (18-31) are higher in
Northern Ireland and Wales; particularly for Northern Ireland, the contribution of higher
congeners is reduced.

Comparison of the congener profiles of rural and urban herbage (Figure 5.6) suggests a greater
contribution from the lower congeners (18-31) at rural sites and some enrichment of congeners
101-153 at urban sites. This is consistent with the hypothesis that the lower congeners become
more important at sites remote from sources, but the effects are secondary. Thus, although PCB
concentrations in urban herbage are ~50 per cent higher than rural sites, the broad similarity of
the congener profiles is not consistent with significantly different sources.
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5 Soil and herbage from industrial
locations

UK national inventories have identified a number of factors that contribute significantly to PCB
emissions (Dyke and Stratford 2002). Leaks from electrical equipment, including transformers
and capacitors, represent by far the greatest source of PCBs to the environment (~80 per cent of
all emissions). However, a variety of other industrial activities, particularly those associated with
combustion processes, have also been implicated in PCB emissions. Releases from power
stations and waste incineration facilities were estimated to contribute about 3 per cent to overall
emissions in the period 1990 to 1998 (Dyke 2001). These emissions have been shown to arise
from incomplete combustion of PCBs in feedstock and de novo synthesis during incineration
(Fangmark et al. 1994, Wikstrom and Marklund 2001). All these sources are predicted to decline
as a result of the phasing out of PCB-containing electrical equipment and improved practice in
the management of waste streams.

Industrial sites monitored as part of the UKSHS were selected to be representative of the
processes that have been associated with PCB emissions and include the following industrial
sectors:

power
waste incineration
chemical

tar and bitumen
textile

steel

cement

paper

non-ferrous metals
mineral

oil refining

landfill.

The full dataset for the concentrations of the selected 26 PCB congeners determined in soils and
herbage collected from 49 industrial sites in England, Northern Ireland, Scotland and Wales is
given in Appendix 6 and 7. Data are presented as ng/kg dry weight of soil or herbage. The tables
include data for PCB, X6 PCB and X7 PCB (see Section 3.1.1).

In the majority of cases, one sample was collected upwind of the industrial site and three
samples were collected at 5, 10 and 15 effective stack heights downwind of the site (see UKSHS
Report No. 2). Wind direction information was provided by local site inspectors or by contacts at
the industrial sites.

51 Soils from industrial locations

Table 6.1 gives the comparative statistics for the rural, urban and industrial soils sampled in the
UKSHS. The industrial data are the aggregated results for upwind and downwind samples. The
results are presented as median values as the comparative statistics were performed on log-
transformed data.
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Table 6.1 — Comparative statistics for rural, urban and industrial soils in the UKSHS
(median values)*

Rural Urban Industrial
6 0.60? 1.04° 1.15°
Y7 0.66° 1.18° 1.29°
Total 1.012 1.86° 1.83°

* Values in the same row with different superscript letters differ at the 5 per cent level or greater.

For all the congener sets, concentrations of PCBs increase significantly in urban and industrial
compared with rural soils. Industrial soil concentrations are also significantly higher then urban
concentrations.

The comparative statistics for rural, urban and industrial soils use the aggregated data for each
industrial site (i.e. the upwind + the three downwind samples). Breaking down the industrial
dataset further into aggregated data for the upwind and the three downwind samples from all the
industrial sites (i.e. a mean upwind value for all industrial sites; a mean 5 He downwind sample,
etc.) is problematic because sample pattern at 5, 10 and 15 He may not map onto the deposition
profiles. For example, deposition from power stations will occur at distances far greater than 15
He.

5.1.1 Congener profiles in industrial soils

Figure 6.1 compares the congener profiles in rural, urban and industrial soils. Although the
concentration of total PCBs was significantly higher in industrial and urban soils, the average
congener profiles are very similar except for the elevated contributions from PCBs 18, 28 and 31
in rural soils. These data are not consistent with the presence of different sources of PCBs over
the three broad land uses.

Comparing the 10 highest industrial samples and the 10 lowest showed no significant difference
in congener patterns, suggesting differences in total PCB loading were reflecting differing
deposition intensities rather than significantly different sources. There is no evidence from the
congener data that high temperature sources are significant at the national scale; locally
significant high temperature sources would be revealed only by a detailed analysis of the
congener profiles at individual industrial sites.
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Figure 6.1 — Congener profiles in industrial, urban and rural soils
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5.2

Herbage from industrial locations

Table 6.2 summarises the comparative statistics for PCBs in herbage in industrial sites. The
median values are presented as the comparative statistics were performed on the log-
transformed results.

Table 6.2 — Comparative statistics for rural, urban and industrial herbage (median values)*

Rural Urban Industrial
%6 0.40° 0.61° 0.64°
Y7 0.43° 0.71° 0.72°
Total 0.90° 1.24° 1.35°

* Figures with different superscript letters in the same row are significantly different at the 5 per cent level or greater.

The herbage results mirror those for soil, with PCB concentrations in herbage from industrial
sites significantly higher than both rural and urban sites. Only the X7 congener suite in industrial
soil is not significantly different for urban sites. If it is assumed that herbage PCB loadings are
more representative of recent ambient conditions, these results suggest industrial sites remain
significant source of PCBs.

5.2.1

Congener profiles of industrial herbage

As for the soil data, the congener profiles in herbage from the three land uses are similar
(Figure 6.2). There is some enrichment of the lower congeners in rural herbage, but this is
consistent with increased distance from sources rather than differences in the sources
themselves. As with the data for industrial soils, the congener profiles for industrial herbage (if
they reflect recent emissions) are not consistent with nationally significant high temperature
sources of PCBs.
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5.3 Principal Component Analysis of PCB congener
profiles in soil and herbage from rural, urban and
industrial locations in the UK

Congener profiles for the soil samples were evaluated using Principal Component Analysis
(PCA). This statistical technique is used widely in complex residue analysis to reveal
relationships and patterns within datasets. To help readers interpret the data presented in this
section, a brief explanation of PCA is provided below.

When comparing samples based on their relative abundance of individual PCB congeners, each
congener is a variable to be included in the analysis. In the case of the PCB suite used in the
UKSHS, there are 26 individual variables (congeners) for which data are provided.

Attempting to correlate each variable combination and look for relationships between samples
would be an unwieldy task. PCA makes sample comparison possible by identifying redundancy
in the data to produce a reduced number of variables (called components) that can be used to
identify patterns. These components are ranked so that component 1 accounts for the greatest
variance in the dataset, component 2 accounts for the second greatest variance in the dataset,
etc. A table is generated during the PCA to show the relative contribution of each of the original
variables to each component. In addition, the percentage of the variance in the entire dataset that
is accounted for by each individual component is determined.

To illustrate this, consider a simplified dataset where there are four variables, i.e. w, x, y and z.
Although each variable is an independent variable, it is found that:

e w and x are correlated;
e yand z are correlated.

In an extreme case of 100 per cent correlation, knowing the values of w and y means that the
values of x and z are known. In this situation, two of the variables are redundant and can
effectively be excluded from the suite of variables. The variance in the dataset can thus be
described by two variables rather than four, and sample patterns can be investigated graphically
by plotting the data based on these two variables.

In real situations, 100 per cent correlation between individual variables in a complex residue
dataset is highly unlikely. Instead, differing degrees of correlation are likely to be seen between
variables. PCA identifies components based on combinations of variables that together account
for a particular proportion of the total variance in the dataset.

If absolute concentrations are used, the greatest variation between samples is accounted for by
differences in concentration. Thus, performing PCA on the raw dataset would result in
component 1 being dominated by the influence of concentration. Although other data analysis
methods can be used to compare samples based on their concentrations, the value of PCA is its
ability to aid in the identification of sample patterns based on the profile of the variables.

Therefore, to remove the influence of absolute concentrations from the analysis, sample data
were normalised by calculation of the relative concentration of each congener as follows:

Relative concentration for congeneri=  congener i concentration
>PCB concentration
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The PCA for this report was performed using these normalised data. The software program used
was SPSS Version 11.0. The PCB congener data for all soil and herbage samples — including
rural, urban and industrial sites — were processed together with the corresponding relative
congener data for the four commonly used commercial PCB fractions (Aroclor 1016, 1242, 1254
and 1260; Figure 3.2).

One of the requirements of the UKSHS was to investigate whether soil and herbage samples
collected in the vicinity of particular industries could be distinguished based on their contaminant
profile. Therefore, industrial samples were grouped by industry type for the PCA analysis. The
industrial groupings were defined by the project steering group, and it was requested that all
industries were included in the analysis despite a recognition that some of the industries are
highly unlikely to be major contributors to the PCB burdens in the surrounding environment.

Following derivation of the component scores, the data were interrogated graphically to
investigate potential patterns and relationships. PCA plots of component 1 versus component 2
and component 2 versus component 3 are shown in Figures 6.3—-6.6. The figures present data for
all sites, non-industrial sites and industrial sites respectively. The first two components explained
53.7 per cent of the variance in the dataset and the first three components included 62.5 per cent
of the variance. The relative contributions of the individual PCB congeners to each component
are given in Table 6.3.

Table 6.3 — Relative contributions of the individual PCB congeners to each principal
component for soil and herbage samples

Congener Component 1 Component 2 Component 3
PCB18 -0.766 -0.343 -0.086
PCB28 -0.554 -0.562 -0.001
PCB31 -0.488 -0.581 -0.006
PCB47 -0.792 -0.100 0.005
PCB49 -0.874 0.012 -0.049
PCB51 -0.450 -0.177 0.174
PCB52 -0.881 0.053 -0.050
PCB77 -0.042 0.517 0.307
PCB81 -0.103 0.045 0.423
PCB99 0.232 0.790 0.054
PCB101 -0.073 0.806 -0.079
PCB105 0.405 0.792 0.140
PCB114 -0.046 0.137 0.582
PCB118 0.382 0.831 0.049
PCB123 0.085 0.109 0.651
PCB126 0.044 0.011 0.747
PCB128 0.771 0.461 0.066
PCB138 0.869 0.286 -0.065
PCB153 0.865 0.233 -0.098
PCB156 0.792 0.405 0.177
PCB157 0.650 0.334 0.343
PCB167 0.800 0.282 0.188
PCB169 0.059 -0.066 0.590
PCB170 0.875 0.049 0.008
PCB180 0.789 0.079 -0.085
PCB189 0.517 -0.064 0.499
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= Oil refinery H = Oil refinery S + Paper H © Paper S A Power H * Power S X Rural H ® Rural S
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(b)

Component 3

Component 2

& Chemical H mA1016 A1242 *A1254 X A1260 @ Chemical S + General H - General S

= Incineration H Incineration S Landfill H Landfill » Mineral H * Mineral S © Non-ferrousH ~  Non-ferrous S
= Oil refinery H = Oil refinery S + Paper H © Paper S A Power H * Power S X Rural H ® Rural S

+ Steel H - Steel S = Tar & Bitumen H & Tar & Bitumen S ® Textile H A Textile S X Urban H AUrban S

Figure 6.3 — Extracted PCA results for normalised PCB herbage and soil concentrations:
(a) component 1 versus component 2; (b) component 2 versus component 3 (all sites).

Suffix definitions: S — Soil; H — Herbage.
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(a)

Component 2

Component 1

WA1016  A1242 < A1254 X A1260 X Rural H @ Rural S X Urban H A Urban S

(b)

Component 3

Component 2

WA1016  A1242 < A1254 X A1260 X Rural H @ Rural S X Urban H A Urban S

Figure 6.4 — Extracted PCA results for normalised PCB herbage and soil concentrations:
(a) component 1 versus component 2; (b) component 2 versus component 3 (non-
industrial sites). Suffix definitions: S — Soil; H — Herbage.
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(a)

Component 2
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© Non-ferrousH  Non-ferrous S = Oil refinery H = Oil refinery S + Paper H © Paper S A Power H
X Power S + Steel H - Steel S = Tar & Bitumen H @ Tar & Bitumen S ® Textile H A Textile S

(b)

Component 3

Component 2
& Chemical H mA1016 A1242 *A1254 X A1260 @ Chemical S + General H
- General S = Incineration H Incineration S Landfill H Landfill S » Mineral H * Mineral S
© Non-ferrousH  Non-ferrous S = Oil refinery H = Oil refinery S + Paper H © Paper S A Power H
X Power S + Steel H - Steel S = Tar & Bitumen H @ Tar & Bitumen S ® Textile H A Textile S

Figure 6.5 — Extracted PCA results for normalised PCB herbage and soil concentrations:

(a) component 1 versus component 2; (b) component 2 versus component 3 (industrial
sites). Suffix definitions: S — Soil; H — Herbage.
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There is considerable overlap in the component 1-3 scores for the full dataset presented in
Figure 6.3. However, there appears to be a general separation by sample type (soil or herbage)
along component 1. At this resolution and with the large number of data groupings presented, it
is not possible to distinguish more complex patterns in the data.

The separation of soil and herbage samples can be seen more clearly in Figure 6.4. Rural and
urban herbage samples have negative component 1 scores for all but one urban sample, while
soil samples are characterised by component 1 scores that are generally greater than zero.
Thus, component 1 is important in distinguishing between these sample media and this indicates
that the PCB congener profiles in soil and herbage exhibit different characteristics. High
component 1 scores correspond to enhanced contributions from the higher chlorinated PCBs
(138, 56, 57, 167, 170, 180 and 189) that predominate in the commercial Aroclor 1260 (A1260)
product (identified by a purple X’ in Figure 6.4).

Component 2 appears to be the most important component in separating urban from rural soils.
In general, the urban soils have component 2 scores greater than zero, with only four urban soil
samples showing component 2 scores significantly less than zero. Rural soils show a much wider
range of component 2 scores (-2.16 to 1.98), but the majority of samples have scores less than
zero. The rotated component matrix shows that high component 2 scores are associated with a
greater contribution from PCB 99, PCB 101, PCB 105 and PCB 118, which are characteristic of
the Aroclor 1254 (A1254) commercial mixture.

The rural and urban herbage samples show a similar trend to that seen for the soils, with higher
component 2 scores being associated with the urban samples. Comparison of the component 1
versus component 2 and component 1 versus component 3 plots indicates that component 3
scores provide no significant differentiation between urban and rural sites. The rural herbage
samples tend towards negative component 1 and component 2 scores, and lie in the region of
the PCA plot close to the scores for the Aroclor 1016 (A1016) and 1242 (A1242) commercial
PCB fractions (indicated in Figure 6.4 by a purple square and yellow triangle respectively).
Negative component 1 and component 2 scores are generally associated with the lower
chlorinated PCB congeners that are predominant in these mixtures. The similarity between the
lower chlorinated fractions and the herbage samples is expected from the earlier observations
that PCB profiles for herbage are weighted towards the lower chlorinated congeners and closely
resemble profiles in air.

Extracted data for industrial soils and herbage are shown in Figure 6.5. In general, there appears
to be little correlation between the data for the different industrial processes that might be
considered a ‘fingerprint’ profile for a particular process or activity. Most of the data points have
component 1 and 2 scores that overlap the region associated with urban soils, or rural soils with
urban-like profiles, although the range of scores for all three main components was greater for
the industrial samples than the rural and urban data shown in Figure 6.4. A more detailed
investigation of the PCB profiles for samples collected at different distances upwind and
downwind of these individual sites, and an evaluation of a selected range of PCBs might yield
characteristic profile information.

Comparison of Figures 6.4 and 6.5 indicates that a number of industrial sites have higher
component 3 scores than those observed typically for the background rural and urban samples.
For example, high component 3 scores are observed at some of the sites in the extracted data
for incinerators, power stations and chemical and steel sites — although the scores do not appear
to be process-related.

The significance of this observation is that the rotated component matrix data for component 3
shows that this component is dominated by contributions from the non-ortho chlorine containing
PCBs (77, 81, 126 and 169) and the mono-ortho PCBs (105, 114, 123, 156, 157, 167, 198) for
which toxicity equivalency factors (TEFs) exist (see Table 3.2). This observation has clear
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implications for the assessment of toxicity associated with these samples and suggests that
some industrial sites have PCB profiles that diverge from the typical rural and urban background.
A more detailed analysis is required to understand the origin of this divergence.

To investigate whether the PCA analysis indicates any regional differences in PCB profile,
component scores were plotted for rural and urban samples on a regional basis (Figure 6.6). Soil
and herbage samples from England show the greatest range in component 1 scores (-2.35 to
1.91) and samples from Wales the smallest range. For England, Northern Ireland and Wales,
herbage and soil samples may be distinguished in almost all cases on the basis of component 1
scores, but the distinction is less clear for soil and herbage samples collected from Scotland.

Component 2 scores for England (-2.76 to 2.22) and Scotland (-2.25 to 1.98) show a wider range
than those observed for Northern Ireland (-2.68 to 1.59) and Wales (-2.22 to 1.29). Many English
rural soils have component 2 scores greater than zero that are more closely associated with the
scores for urban soils. Samples from sites in rural Northern Ireland and Wales generally have
negative component 1 and component 2 scores, which are associated with the lighter Aroclor
fractions and a predominance of the lower chlorinated PCB congeners.

Component 3 scores are clustered around the origin for all four countries, although all soil and
herbage samples collected from Wales have negative component 3 scores. This indicates that
Welsh sites show a lower relative enhancement of the non-ortho and mono-ortho PCB congeners
for which TEFs have been assigned.

The PCA data presented in this section do not demonstrate specific congener fingerprints for
different industrial types. However, some important patterns in the data have been identified.

e Scores for component 1 can distinguish between herbage and soil samples.

e Low component 1 scores are associated with enhanced contributions of lower molecular
weight congeners to the PCB profile. This is consistent with previous observations that
herbage samples closely resemble PCB profiles in air.

e Component 2 provides some separation of rural and urban sites, with urban sites in general
having higher component 2 scores.

e Component 3 provides some separation of industrial sites from the rural/urban background
and, on a regional basis, Welsh rural and urban sites have lower component 3 scores than
rural and urban sites in the other countries.

e High component 3 scores are associated with PCBs for which TEFs have been assigned.
Thus, these toxicologically significant congeners make a greater contribution to the conger
profile in samples with higher component 3 scores.
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Figure 6.6 — Extracted PCA results for normalised PCB herbage and soil concentrations:
(a) component 1 versus component 2; (b) component 2 versus component 3 (non-

industrial sites). Prefix definitions: E — England; NI — Northern Ireland; S — Scotland; W —
Wales. Suffix definitions: S — Soil; H — Herbage.
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6 Conclusions

PCBs are among the most persistent and toxic of the group of chemicals labelled as persistent
organic pollutants (POPs). This is reflected in the restrictions on their production and use.
However, the data in the UKSHS indicate clearly that urban and industrial areas are still sources
of PCBs.

Median PCB concentrations of all the congener suites (26, X7 and all 26 congeners) in urban and
industrial soils and herbage were approximately twice those in rural locations. The persistence of
PCBs in soil means that soil concentrations effectively integrate inputs over previous years, while
herbage concentrations more closely reflect current atmospheric conditions.

The results for soil concentrations of PCBs obtained in the UKSHS indicate that, historically,
urban and industrial areas were significant sources of PCBs. The herbage results, which show
significant elevations of PCBs in urban and industrial locations compared with rural ones, indicate
that significant PCB sources are still present in these areas.

Despite the differences in PCB concentrations across land use, PCB congener profiles in rural,
urban and industrial soils and herbage were broadly similar; the elevated contributions observed
from the lower congeners in rural soils being consistent with their remoteness from significant
sources. The similarity of congener profiles and the trend of decreasing total PCB concentrations
from industrial to rural sites are consistent with emissions at ambient UK temperatures (probably
leaks from sealed sources and possibly the release of PCBs from building materials) being the
main release mechanism by which PCBs enter the UK atmosphere.

The congener profiles of those samples with the highest and lowest total PCB concentrations
were broadly similar, suggesting that differences in total PCB concentration reflect differing
deposition intensities rather than different sources. This was the case for rural, urban and
industrial locations and for soil and herbage. The only exception was the second highest rural soil
sample, which had a congener profile closer to Aroclor 1254 than to the average congener profile
for rural soil samples. This could be consistent with localised spillage.

There were differences in PCB concentrations across the four countries. Total PCB
concentrations in rural soils in Scotland were significantly higher than those in Northern Ireland,
with England and Wales intermediate. In contrast, total PCB concentrations in English urban soils
were significantly higher than those in the other countries, and concentrations at urban sites in
Northern Ireland were significantly lower than in the other three countries. Trends in herbage
concentrations across the four countries did not entirely follow those in soil, particularly at rural
locations, possibly suggesting recent changes in deposition intensities. But as for land use,
despite differences in PCB concentrations between the four countries of UKSHS, congener
profiles were broadly similar.

Analysed on a regional rather than a national basis, there were some differences in congener
profiles. The contribution of PCB 28 to total PCB concentrations (used as a simple indicator of
congener pattern) increased in the north of Scotland compared with the English Midlands (12 per
cent against 5.5 per cent); this may reflect increased remoteness from significant sources or the
effects of lower temperatures. Limited analysis of the contribution of the lower congeners to total
PCB loading suggested elevated contributions at coastal sites.

Compared with data from earlier surveys, the results from the UKSHS confirm that soil PCB
concentrations are declining from a peak in the 1960s of around 1,600 ug/kg to a mean level in
2002 of around 2 ug/kg. Levels in herbage showed a similar decline. The contribution of the
lower congeners to total PCB loading in soil has fallen from around 37 per cent in the 1960s to
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around 3-6 per cent in the last 10 years. This may support a conclusion reached elsewhere that
UK soils could be ‘out-gassing’ lower congener PCBs (i.e. acting as secondary sources of PCBs)
but still acting as a sink for heavier congeners; but it may reflect differences in the degradation
rates in soil of lighter and heavier PCB congeners.

The literature suggests that, at the national scale, diffusive leakage from sealed, primary sources
and from buildings may be the main routes by which PCBs are still entering he environment. The
data in UKSHS supports this, with herbage data indicating that industrial and urban sites are still
significant sources of PCBs. But there is no evidence from urban and industrial sites that high
temperature emission (associated with burning or incineration) or spillage are significant at the
national scale.

However, there are indications from other studies that PCBs are still entering the environment in
ecologically significant amounts. The Predatory Bird Monitoring Scheme (funded by the Centre
for Ecology and Hydrology (CEH) and the Environment Agency) monitors the liver burdens of
predatory birds found dead and sent for autopsy. Over the period 1963-2000, ‘there is little
evidence of major long-term declines in PCB residues in sparrowhawks and kestrels, even
though the use of these compounds in open systems has been prohibited in many countries
since 1972..." (Shore et al. 2005). This lack of a marked decline is puzzling as, between 1963
and 2000, PCB concentrations in soil declined approximately 800-fold (see Section 4.1). The
birds sent for autopsy cannot be regarded a representative of predatory bird populations as a
whole, but it would appear that somehow they are being exposed to sources of PCBs at
concentrations significantly higher than the ambient concentrations recorded here, and possibly
similar to those in the 1960s.

Normalised PCB congener profiles for the soil and herbage samples were evaluated using

principal components analysis. The analysis confirmed that soil is characterised by greater
contributions from the higher chlorinated PCBs compared with herbage. Industrial samples
showed greater contributions from the non-ortho and mono-ortho chlorine containing PCBs.
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I4

Recommendations

These data suggest the main route for PCB emissions into the UK environment is via leakage
from closed sources and possibly from building materials containing PCBs. Future initiatives
to reduce the environmental burden of PCBs at the national scale still further should
concentrate on ensuring correct storage and disposal of sealed sources.

Three soil samples from one rural site, one of which had high PCB concentrations, had
congener patterns consistent with spillage. However, the data are equivocal because it is still
difficult to distinguish unambiguously the congener patterns resulting from aerial deposition,
local high temperature sources or direct spillage, and the pattern is evident in only three
samples. More research is needed to develop a reliable interpretative framework to
distinguish the development of congener patterns over time from these three sources.

The data from the UKSHS provide, for the first time, a coherent national picture of PCBs in
soils and herbage. Given the persistence of PCBs in soil, similar soil surveys would be
inappropriate at intervals less than 10 years. In contrast, sampling herbage at intervals of, say
five years, is a useful indirect measure of PCB burdens in the atmosphere.

The data in the UKSHS do not indicate significant localised sources; the congener patterns
are more consistent with leakage and volatilisation from sealed sources, building materials or
landfills as the main route by which PCBs enter the UK environment. However, the finding
from the Predatory Bird Monitoring Scheme that liver burdens of terrestrial raptors have
shown little or no decline since the 1960s is apparently at odds with this conclusion and
should be explored further.
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List of abbreviations

Defra
FSA

He
IUPAC
LOD
MASQ
NAEI
NLS

PAH

PCB
PCDD
PCDDs/Fs
PCDF
SEPA
SNIFFER
TEF
UKAS
UKSHS
UoL
WHO

WHO-TEQ
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Department for Environment, Food and Rural Affairs

Food Standards Agency

Effective stack height

International Union of Pure and Applied Chemistry

Limit of detection

Monitoring and Assessing Soil Quality

National Atmospheric Emissions Inventory

National Laboratory Service

Polycyclic aromatic hydrocarbon

Polychlorinated biphenyl

Polychlorinated dibenzo-p-dioxin

Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
Polychlorinated dibenzofuran

Scottish Environment Protection Agency

Scottish and Northern Ireland Forum for Environmental Research
Toxic Equivalency Factor

United Kingdom Accreditation Service

UK Soil and Herbage Pollutant Survey

University of Liverpool

World Health Organization

World Health Organisation-Toxic Equivalency Factor
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Appendix 1 PCBs in the UKSHS
analytical suite

IUPAC number Chemical name

PCB 18 2,2’ ,5-trichlorobiphenyl

PCB 28 2,4, 4 -trichlorobiphenyl

PCB 31 2,4’ 5-trichlorobiphenyl

PCB 47 2,2’ ,4,4'-tetrachlorobiphenyl

PCB 49 2,2’,4,5-tetrachlorobiphenyl

PCB 51 2,2’ ,4,6’-tetrachlorobiphenyl

PCB 52 2,2',5,5’-tetrachlorobiphenyl

PCB 77 3,3’,4,4'-tetrachlorobiphenyl

PCB 81 3,4,4’ 5-tetrachlorobiphenyl

PCB 99 2,2’,4,4' 5-pentachlorobiphenyl
PCB 101 2,2',4,5,5’-pentachlorobiphenyl
PCB 105 2,3,3,4,4'-pentachlorobiphenyl
PCB 114 2,3,4,4' 5-pentachlorobiphenyl
PCB 118 2,3’,4,4' 5-pentachlorobiphenyl
PCB 123 2,3',4,4' 5’-pentachlorobiphenyl
PCB 126 3,3',4,4' 5-pentachlorobiphenyl
PCB 128 2,2',3,3’,4,4'-hexachlorobiphenyl
PCB 138 2,2',3,4,4',5’-hexachlorobiphenyl
PCB 153 2,2’,4,4'5,5’-hexachlorobiphenyl
PCB 156 2,3,3,4,4' 5-hexachlorobiphenyl
PCB 157 2,3,3,4,4',5’-hexachlorobiphenyl
PCB 167 2,3,4,4',5,5’-hexachlorobiphenyl
PCB 169 3,3',4,4',5,5-hexachlorobiphenyl
PCB 170 2,2’,3,3,4,4' 5-heptchlorobiphenyl
PCB 180 2,2',3,4,4',5,5’-heptachlorobiphenyl
PCB 189 2,3,3,4,4',5,5’-heptchlorobiphenyl
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