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4 s X E g t J J S U M M A R Y

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are present naturally 
in the environment, but these natural sources are of relatively little importance compared with 
the emission of PCDD/Fs into the environment as unwanted by-products of anthropogenic 
processes. This study was initiated by the National Rivers Authority with the overall objective 
of determining the distribution of PCDD/Fs in surface freshwater systems of England and 
Wales.

The study involved the sampling and analysis of 40 sites for surface waters and 36 sites for 
deposited surface sediment from both potentially polluted and background areas. The 
concentrations in the water samples were extremely low (total concentration <6 ng kg"1, TEQ 
<0.07 ng kg"1). PCDD/Fs were detected in all the sediment samples, and total concentrations 
and TEQ values varied considerably between sites (300 - 16 000 ng kg-1 total concentration, 
2-120 ng kg’1 TEQ). These values are comparable to the PCDD/F range found in UK soils, 
and to surface river sediments in Europe.

PCDD/F concentrations and TEQ values at background sites and at sites associated with 
specific types of industrial and non industrial sources have been determined. A sampling 
protocol for water and sediment sampling suitable for future NRA applications has also been 
described. Finally, the study recommends future studies for PCDD/F monitoring to the NRA 
after consideration of the project findings.

KEYWORDS

Dioxins, furans, PCDD, PCDF, sediments, water, rivers
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1. INTRODUCTION

Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are chlorinated 
tricyclic aromatic compounds and are present naturally in the environment as a result of 
combustion events such as forest fires. However, these natural sources are of relatively little 
importance compared with the emission of PCDD/Fs into the environment as unwanted by­
products of anthropogenic processes. PCDD/Fs are globally distributed and found in all 
environmental media. They are chemically stable, have low solubilities in water, and have been 
shown to accumulate in the foodchain. Interest in PCDD/Fs has increased over the last 20 
years, as awareness of the anthropogenic contribution has increased, and as analytical 
capabilities have improved to an extent which allows the detection of these compounds to 
parts per quadrillion levels (ppq), i.e. parts in 1015. Although there are 210 PCDD/Fs, most 
are thought to pose no human health risk (DoE 1989). Attention has been focused on 
seventeen PCDD/Fs with chlorines substituted in the 2,3,7,8 positions (termed the 2,3,7,8 
congener group). This relates to concerns regarding their toxicity, carcinogenic potential and 
potential effects on animal reproductive and immunological systems (DoE 1989; Broman et al 
1991; Clement 1991). The presence of these PCDD/Fs in the environment has evoked great 
public and media concern, not only in the UK but in other parts of Europe and America.

There is, however, no published information on the background levels of PCDD/Fs in natural 
freshwaters in the UK, or on the concentrations in potentially contaminated UK freshwater 
sites. The National Rivers Authority (NRA), the corporate body responsible for control of 
pollution of inland waters in England and Wales, therefore commissioned this project to help 
assess the extent of PCDD/F contamination in surface freshwater systems of England and 
Wales, and to define whether these contaminants present a major problem in terms of water 
quality and foodchain accumulation.

The overall project objective was to determine the distribution of PCDDs and PCDFs in 
surface freshwater systems, and initially had the following specific objectives:-

1. To select relevant industrial/non-industrial sources of PCDD/Fs which should be 
monitored.

2. To identify industrial/non-industrial catchments where such monitoring could be 
undertaken.

3. To develop a field sampling strategy for selected sites.
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4. To develop a sampling protocol suitable for future NRA application.

5. To determine background levels of PCDD/Fs in surface freshwater systems (excluding 
sediments).

6. To determine levels of PCDD/Fs associated with specific types of industrial/non­
industrial sources in freshwater systems (excluding sediments).

7. To assess critically the sampling strategy and progress after year 1 and suggest 
modifications for year 2, as appropriate.

8. To recommend future studies for PCDD and PCDF monitoring to NRA in the light of 
project findings.

During year 1 it was decided, after consultation with the NRA's project manager, to carry out 
all the sampling that year and to include sediments in the sampling programme. The objectives 
outlined above were thus modified somewhat, with (5) and (6) now including sediments and 
(7) no longer being appropriate.

The following report details the results of this study and how the above objectives were 
sucessfully addressed.

The project began with a literature review that identified industrial and non-industrial sources 
of PCDD/Fs to inland waters. Based on this, a questionnaire was sent out to those NRA 
Regions containing a representative cross-section of the identified sources. In total, 7 of the 
10 NRA Regions were selected and asked to identify sites where sampling should be 
undertaken. After selecting suitable sites, a field sampling strategy was developed to collect 
both water and sediment samples for PCDD/F analysis. Some additional parameters were 
measured to improve the assessment and help extrapolation of the data. This report describes 
the project, and also provides recommendations for future studies and strategy concerning 
PCDD/Fs in the UK aquatic environment.
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2. STRUCTURE AND PROPERTIES OF PCDD/FS
2.1 General background

In order to understand the environmental concerns regarding PCDD/Fs in the aquatic 
environment, and the rationale behind the NRA's decision to commission this study, it is 
necessary to have some understanding of the structure and properties of PCDD/Fs. The 
following description is taken from a recent UK Department of the Environment funded review 
carried out by Fletcher & McKay (1993).

The chemical structures of PCDD/Fs given below show the positions (between 1 and 8) at 
which chlorine atoms can be substituted in place of hydrogen ions. There are a large number 
of combinations of chlorine substitutions possible, with 75 PCDDs and 135 PCDFs having 
been identified. Each individual compound differs only in the number and position of its 
chlorine atoms. The number of these atoms is indicated in the nomenclature of PCDD/F 
isomers, by a prefix; mono (M), di (Di), tri (Tr), tetra (T), penta (Pe), hexa (Hx), hepta (Hp) 
and octa (O) (after DoE 1989). The position of the chlorine atoms is given by preceding 
numbers, for example, 2378-TCDD represents tetrachlorodibenzo-p-dioxin, with chlorines in 
the 2,3,7 and 8 positions.

PCDD PCDF

Seventeen of the possible 210 PCDD/Fs have chlorines substituted in the 2,3,7,8 positions 
and are thought to pose a risk to human health due to their toxicity, carcinogenic potential 
and potential effects on animal reproductive and immunological systems (DoE 1989; 
Broman et al 1991; Clement 1991). Of these seventeen PCDD/Fs, the most toxic isomer is 
2378-TCDD, and as a consequence most toxicological studies have concentrated on this. 
Animal studies on the toxic affect of 2378-TCDD have shown that this isomer is fatal to 
certain species (e.g. the guinea pig) at very low levels. Studies have also shown a large 
variation in the susceptibility of different animal species to 2378-TCDD. It is the results of the 
long-term exposure of PCDD/Fs to animals that has suggested the most important implications 
for human health. Species such as rats, mice, monkeys and rabbits developed conditions such
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as chloroacne (skin condition), liver damage and tumours, and suffered depression of the 
immune system and adverse effects on fertility (DoE 1989). Certain incidences (e.g. the 
industrial accident at Seveso, accidental contamination of rice by PCB oil in Yusho) have 
resulted in illness and death to human populations, but because PCDD/Fs were emitted in 
association with other organic contaminants, the effects of exposure cannot be attributed to 
PCDD/Fs alone. Studies are still continuing to determine the effects of PCDD/Fs on human 
health.

In order to account for the differing toxicities of different PCDD/F isomers, a weighting 
system has been developed which relates the seventeen 23 78-substituted isomers to the most 
toxic, 2378-TCDD. Each of the 17 isomers are given a toxic equivalent factor (TEF) which, 
when multiplied by the concentration, gives a toxic equivalent (TEQ). 2378-TCDD has a TEF 
of 1.0. One drawback of this terminology is that different methods of calculating TEQs have 
been developed. However, the two most widely used methods, the NATO/CCMS 
international TEQ (I-TEQ) (NATO-CCMS 1988) and the Nordic TEQ (NTEQ), are very 
similar. In this study we have used the NATO/CCMS TEQ (I-TEQ), however, the only 
difference from the Nordic TEQ is the TEF assigned to 12378-PeCDF (0.05 using the I-TEQ 
method, 0.01 using the NTEQ method). Table 2.1 gives the toxicity factors used in this study.

In this study, results are reported giving both the total concentration of PCDD/Fs and the 
TEQ. All PCDD/Fs are pollutants, and as such, a measure of all 210 PCDD/Fs allows the 
extent of contamination at a site to be examined. The total concentrations of each homologue 
group are reported, i.e. groups of dioxins and fiirans with the same number of chlorines 
substituted. The TEQ measures the toxicity of a sample, and accounts for the 17 toxic 
PCDD/F isomers only.

2.2 Behaviour in the aquatic environment

PCDD/Fs are highly hydrophobic which is reflected in their strong binding with organic matter 
(dissolved and particulate), particularly the lipid fraction, and their high laboratory-derived 
octanol-water partition coefficient (Kow). Concentrations of dissolved organic carbon (DOC) 
in rivers depend on environmental conditions but have an estimated global average of 
5.8 mg 1‘1 with a lipid content typically <1% (Meybeck 1982; Krogh & Lange 1932). 
Particulate organic carbon (POC) concentrations range from 1-3 mg H (about 1-6% of the 
suspended load) with a POC:DOC ratio of -0.8, and a lipid fraction in the order of 10%. 
These conditions in the water column result in PCDD/Fs being rapidly absorbed by suspended 
particulate matter and subsequently deposited in fine sediment in river systems. The fate of

6



these particulates is important not only for determining the levels present in the water column, 
but for determining the extent of their deposition and incorporation in bottom sediments. 
Suspended and deposited particles therefore play an important role in determining the 
environmental fate of PCDD/Fs.

An equilibrium exists in the water column between the concentration of PCDD/Fs in true 
solution ('free'), those associated with dissolved or colloidal organic matter, and with 
particulate matter (Servos et al 1989). This equilibrium is important in determining the relative 
importance of the major exposure routes of PCDDs to fish (e.g. gill uptake versus foodchain 
uptake) and also to the transfer efficiency within these routes. For example, the uptake of 
PCDD/Fs through fish gills may be reduced in the presence of dissolved organic carbon 
(DOC), as the concentration in the truly dissolved phase is decreased. In early studies of 
PCDD/F accumulation in fish (e.g. Branson et al 1985; Muir et al 1986) gill uptake was 
thought to be the most significant pathway. However, the uptake of PCDD/Fs directly from 
the aqueous phase through gill membranes could not explain the occurrence of some isomer 
residues in the fish, and uptake through the foodchain and inadvertant ingestion of sediment 
during feeding are now thought to be more important routes (Muir et al 1986; Muir & 
Yarechewski 1988).

7



Table 2.1 International Toxic Equivalent Factors fl-TEF) for the 2378-substituted 
isomers.

Isomer I-TEF

2378-TCDD 1.0

12378-PeCDD 0.5

123478-HxCDD 0.1
123678-HxCDD 0.1
123789-HxCDD 0.1

1234678-HpCDD 0.01

OCDD 0.001

2378-TCDF 0.1

23478-PeCDF 0.5
12378-PeCDF 0.05

123478-HxCDF 0.1
123789-HxCDF 0.1
123678-HxCDF 0.1
234678-HxCDF 0.1

1234678-HpCDF 0.01
1234789-HpCDF 0.01

OCDF 0.001



3. IDENTIFICATION OF POTENTIAL SOURCES OF PCDD/FS TO THE 
AQUATIC ENVIRONMENT

A literature review by McMahon (1992) carried out as part of this study identified potential 
PCDD/F sources relevant to this project. The main sources of PCDD/Fs fall into three classes; 
industrial discharge, industrial deposition and non-industrial sources. Table 3.1 identifies types 
of manufacture and related industries in each class. From these sources, PCDD/Fs may be 
discharged directly into watercourses, or may be emitted into tiie atmosphere and deposited by 
both wet and dry deposition. As described in Section 2.2, the hydrophobic and lipophylic 
properties of PCDD/Fs means that these compounds formed during industrial processes and 
dispersed onto land or into water will adsorb strongly to organic material, both in the 
particulate and dissolved phases, whether in soil or water.

Table 3.1 Potential sources of PCDD/Fs to the aquatic environment

Source Type of practice Examples
Industrial discharge Chemical manufacture Chlorinated phenolics 

PCBs
Chlorinated phenoxy acetic acids
Chlorinated pesticides
Chlorinated herbicides
Agrochemicals
Disinfectants
Bleaches

Paper manufacture Production of paper products from 
chlorine bleached wood pulp

Metallurgical Metal smelters e.g. iron and steel works, 
non-ferrous scrap

Sewage Treatment Work

Industrial deposition Combustion plant Municipal incinerators 
Clinical waste incinerators 
Chemical waste incinerators 
Industrial waste incinerators 
Sewage sludge incinerators 
Power stations 
Metal smelters

Non-industrial sources Motor vehicles 
Domestic fires 
Forest fires 
Stubble burning 
Cigarettes
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4. IDENTIFICATION OF SUITABLE UK SAMPLING SITES

In order to identify suitable sampling sites on a national scale, a questionnaire was devised and 
sent to seven NRA Regions (Thames, Anglian, Northumbrian, North West, Severn-Trent, 
Yorkshire and Welsh). The aims of the questionnaire were to identify suitable sites for taking 
samples for PCDD/F analysis based on (a) a previous history of dioxin contamination in the 
area, (b) a previous history of the presence of a ‘dioxin indicator’ chemical (e.g. chlorophenols, 
PCBs, PAHs etc.) or (c) the proximity of a potential source of dioxins, based on the 
information given in Table 3.1. The response from Northumbrian Region showed that there 
were no suitable freshwater sites in the region, and so no further contact was made with this 
region. An example of the questionnaire and the responses from the six regions sampled are 
given in Appendix A.

On return of the questionnaires, detailed discussions took place with local NRA staff who were 
able to provide more detailed descriptions of the sampling sites suggested. Initially it was 
hoped that samples for PCDD/F analysis could be taken at the same time that the NRA took a 
routine sample, and from NRA routine sampling sites. However, this was impractical for 
several reasons. Firstly, many of the sites were monitored at monthly intervals or longer, and 
thus difficult to schedule into sampling trips. Secondly, the routine monitoring sites were often 
from locations such as bridges, with no access to the river bank itself, which was required for 
the sampling of water and sediments (see Section 5). Thirdly, where access to the river was 
possible at routine monitoring points, there was often no sediment available in the immediate 
locality. As it was preferable to sample waters and sediment as close together as possible, it 
was decided to sample both independently of the NRA routine sampling, although as near to 
the established routine sampling points as possible.

The questionnaire replies suggested a wide choice of river sites, and after consultation with the 
NRA project managers, a total of 40 sample points were selected, giving a broad range of 
potential point sources, diffuse sources and background sites from 28 different rivers in 6 
different NRA regions. Table 4.1 documents the 40 sample sites, and a fuller description of 
each site, with a site map, is given in Appendix B.

Forty water samples and 36 sediment samples were successfully collected from the 28 sites. 
The shortfall in sediments reflects the non-availability of muddy sediment at 4 of the sites 
(above the point source at Mag Brook and R. Spenn in Yorkshire, and above and below the 
afforested area on the R. Irfon, Wales). At two sites, R. Calder and R. Don in Yorkshire, 
water samples could not be taken at exactly the same site as sediment samples, due to
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unavoidable bed disturbance when entering the water. In each case, a more suitable water 
sampling point was located as close as possible to the sediment sampling sites. Further details 
of the above sites are given in Appendix B.
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Table 4.1 Location and Description of Sampling Sites

NRA Region/River Grid Ref Date Site Location Source Associated Industry
Thames

R. Thames SU 720 742 8.7.92 Caversham Weir diffuse sources general urban
R. Thames TQ 177 708 9.7.92 Teddington diffuse sources general urban
R. Thames SU 106 937 10.7.92 Cricklade background

Anglian
R. Cam TL 434 524 14.7.92 Hauxton above point source Schering Agrochemical s

TL 431 527 14.7.93 below point source
R. Granta TL 546 486 15.7.92 Hildersham diffuse source agriculture/pesticides
New River TL 607 697 15.7.92 Wicken background

North West
R. Alt SD 292 051 21.7.92 Altmouth diffuse general urban
R. Mersey SJ 616 878 21.7.92 Howley Weir diffuse general urban
R. Weaver SJ 600 761 22.7.92 Acton diffuse general urban
R. Dane SJ 932 637 22.7.92 Hugbridge background

Yorkshire (Central)
Mag Brook (or R. SE 099 108 4.8.92 Honley above point source/ STW/textiles
Hall Dike) background

SE 138 126 4.8.92 below point source
R. Calder SE 173 214 5.8.92 Mirfield above point source STW/chemical industry

SE 201 198 5.8.92 below point source
R. Aire SE 426 260 6.8.92 Castleford above point source STW/chemical works,

power station
SE 535 256 6.8.92 Beal below point source

R. Aire SE 326 313 7.8.92 Fleet Weir above point source STW
SE 379 286 7.8.92 below point source

R. Spenn SE 176 278 4.8.92 Dewsbury above point source STW/chemical industry
SE 231 206 4.8.92 below point source

Yorkshire (South)
R. Don SK 398 912 11.8.92 Rotherham above point source STW/steel works

SK 423 923 11.8.92 below point source
R. Loxley SK 298 896 12.8.92 near Sheffield background

Severn Trent
R. Amber SK 379 536 28.7.92 Ambergate above point source STW/textiles/colliery

SK 353 517 28.7.92 below point source
R. Denvent SK 385 343 30.7.92 Church Wilne above point source STW/textiles

SK 441316 30.7.92 below point source
R. Denvent SK 347 484 31.7.92 Belper above point source STW/lubricating oils

SK 347 457 31.7.92 below point source
R. Erewash SK 447 496 13.8.92 Eastwood above point source STW/textiles

SK 464 454 13.8.92 below point source
R. Lathkill SK 223 646 14.8.92 Alport background
R. Denvent SK 244 755 12.8.92 Froggatt background
Pressbrook SK 385 601 14.8.92 Ogston diffuse source burial of rubble from

Coalite explosion
R. Tame SK 207 935 20.10,92 Lea Marston above point source lake purification system

SK 214 945 20.10.92 below point source
Welsh

R. Irfon SN 854 525 21.10.92 Abergwesyn background
R. Irfon SN 920 471 21.10.92 Llangammarch diffuse source major forestry

Wells
R. Lugg SO 570 375 22.10.92 Hereford diffuse source agriculture



5. SAMPLE COLLECTION AND STORAGE

At each site, the following samples were taken:

• 5 1 water for PCDD/F analysis
• 1 1 water for suspended particulate load determination
• 100 ml water for total organic carbon (TOC) determination
• 100 ml water for dissolved organic carbon (DOC) determination
• approximately 1 kg wet sediment for PCDD/F analysis
• 150 ml pot of wet sediment for determination of dry weight, organic carbon and particle 

size (fraction <63 |im)

5.1 Water samples

Water samples for PCDD/F analysis were collected in hexane-washed amber glass bottles. 
When sampling, the lids of the bottles were removed and recapped submerged beneath the 
water, and the bottles were rinsed twice with river water before the final sample was collected. 
On return to the river bank, a hexane-rinsed aluminium foil lid insert was put in place to 
prevent contamination by the lid of the bottle. A 1 1 sample for particulate loading 
determination was also collected in this way, but the foil lid insert was not necessary. Once the 
lids were in place they were secured with tape.

Water samples were also collected for TOC and DOC determination, the difference between 
the two being a measure of the POC content. The concentrations of POC and DOC are likely 
to have an impact on the proportion of PCDD/Fs present in 'solution' and so indirectly on their 
bioavailability and toxicity (see Section 2.2). Particulate-associated PCDD/Fs also have the 
potential to be incorporated into deposited sediments which provide a long term reservoir. In 
association with this, the amount of suspended particulates in the water column were also 
determined.

The 100 ml amber glass bottles used for the determination of TOC and DOC were free of 
Organics, having been fired in a furnace at 550°C for 5 hours. On sampling, lids were again 
opened and closed beneath the water surface, and the bottles rinsed before sampling as 
described above. On the same day that samples were taken, the samples collected for TOC 
determination were acidified to ~pH2 with orthophosphoric acid. DOC samples were filtered 
using glass Millipore filtering equipment with glass-fibre filter papers. The glassware and filter 
papers were cleaned of Organics prior to use by heating to 550°C in a furnace. After filtration
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was complete, these samples were also acidified. The acidified TOC and DOC samples were 
kept in a cool box until return to the laboratory.

5.2 Sediment samples

Section 2.2 described how PCDD/Fs in association with contaminated sediments can enter fish 
through the foodchain, through inadvertent consumption of sediment itself, and through the 
desorption of the PCDD/Fs into the river water and uptake across gill membranes. The 
surface sediments are therefore of most immediate concern in terms of PCDD/F contamination.

A precise definition of ’surface sediment’ (in terms of depth of sediment that is likely to be 
in intimate contact with the overlying water or feeding biota) is not possible because of 
differing sediment accumulation rates in different rivers. In this study, a depth of 3 cm was 
assumed to represent surface sediment material. Any benthic invertebrates living and 
burrowing in the sediment to this depth are likely to be accessible to species higher up the 
foodchain. Also, the top 3 cm is a feasible amount of sediment to be bulked from individual 
cores in order to carry out the sampling relatively quickly, and thus to maximise sampling 
efficiency. Ten to fifteen cores were required to provide the quantity of surface sediment 
(about 1 kg wet weight) required for PCDD/F analysis. Internal consistency is maintained 
within a site by always taking exactly the same depth of material.

Where the river water was deep, or sampling had to be carried out from the river bank, 
sediments were collected using a Gilson corer. Where the river was easily accessed, it was 
possible to wade into the water, and remove sediment cores using the Gilson corer with pole 
attachment. Where the river bank was sheer, the pole was lowered into the water from the 
bank. In some cases, the river was shallow and the core tubes could be manually inserted into 
the sediment without the need for a corer. Both these methods allow the recovery of samples 
with an intact sediment-water interface. This is necessary to retain the fine particulates at the 
sediment surface which would otherwise be resuspended and lost from the sample when the 
water was syphoned off from the top of the core. Fine material contains a relatively higher 
concentration of dioxins than coarse particles, due to increased surface area, and so it is 
important to sample this surface layer.

Once a sediment core had been extracted, the surface 3 cm of sediment was sliced off and 
placed into a 1 1 amber glass bottle. Additional cores were collected, and this method was 
repeated until the bottle had been filled. Cores that had been disturbed, for example by the
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corer hitting an obstruction (e.g. a rock) during use, or by large air bubbles disrupting the 
sediment-water interface, were discarded.

In addition to collecting wet sediment for PCDD/F analysis, additional samples were taken to 
determine the water content of the sediment, the organic carbon content and particle size (<63 
jam diameter). Section 2.2 described how particulate-associated PCDD/Fs become 
incorporated into bottom sediments, and so the determination of sediment parameters such as 
those described can assist in the interpretation of PCDD/F results.

After sediment sampling was complete at each site, the equipment was thoroughly washed with 
demineralised water to ensure that cross-contamination between sites did not occur.

5.3 Documentation. Labelling and Storage

A field note book was taken to all sites and the date, site name, national grid reference, brief 
site description, weather conditions, and any other relevant details were recorded. 
Photographs were also taken at most sites as a visual record. All containers were clearly 
marked with a water-resistant paint pen before sampling commenced, giving the date, the site 
name and the analysis to be carried out on the sample. At the end of each sampling day, 
individual labels were printed and stuck onto each bottle to confirm sample identity. On return 
to the laboratory, all samples, were placed in a cold room, or refrigerators, at less than 5°C. 
The sediment samples for PCDD/F analysis were air dried and stored in amber glass jars prior 
to analysis.

5.4 Suitability of sampling strategy for future NRA applications

The sampling strategy described above is suitable for use as an NRA sampling protocol and 
could be applied to routine monitoring using individuals with-the- appropriate expertise. The 
main necessity for collecting both water and sediment samples as described above is to be able 
to access the river itself. Before sediment sampling can take place, areas of sediment 
accumulation have to be located. Depending on the site, sediment may be located easily, but 
often a considerable amount of searching is required to locate areas of accumulating sediment, 
particularly if a river has a Stoney or rocky bed. Also, experience is required to differentiate 
between accumulating sediment and bank or bed material. The coring method itself requires 
some expertise, since it is not always straightforward to retrieve cores with the sediment-water 
interface intact. This sampling strategy is applicable to a wide variety of river types. A basic 
sampling protocol is given in Appendix C.

13



6. ANALYSIS OF SAMPLES AND RESULTS
6.1 Water samples
6.1.1 Determination of particulate loading

For each sample, the volume of water collected was recorded prior to filtration. The sample 
was then drawn through pre-weighed filters (Millipore HVLP 0.45|im, 47 mm diameter 
polyvinylide difluoride filter membrane) by a partial vacuum to a collecting vessel. The 
vacuum was generated by an electric air pump. Any residual particulate remaining in the 
sampling bottle was rinsed out using filtrate from the collecting vessel. The filter papers were 
dried in an oven to a constant weight, and the weight recorded. Particulate load (to an 
accuracy of 0.1 mg l '1) was calculated by taking the difference between the loaded filter and 
blank filter, and dividing by the volume of sample filtered. Results of particulate load 
determination on collected samples are given in Appendix D (Table D. 1).

6.1.2 Determination of total organic carbon (TOC) and dissolved organic carbon 
(DOC)

This determination was carried out at the National Rivers Authority's Severn Trent 
Laboratories. A brief method description is given here, and further analytical details can be 
obtained from Mr P. Smith of NRA Severn Trent if required.

Filtered, acidified water samples (see Section 5.1) for DOC analysis were sparged with carbon 
dioxide-free nitrogen or argon to remove inorganic C 02. The samples were then oxidised 
under the action of ultra violet radiation in the presence of potassium persulphate to oxidise 
organic matter to CO2 , which was measured on an infra-red detector. In the unfiltered TOC 
samples, inorganic C02 was removed in the same way, and the samples were injected into a 
furnace at between 700° and 900°C to produce CO2  This was measured in the same way as 
for DOC.

DOC results were subtracted from TOC at each site to provide a measure of POC. Results are 
given in Appendix D (Table D.2).

6.1.3 Analysis of PCDD/Fs

Of the 5x1 I water samples collected for PCDD/F analysis, 1-2 1 was taken for each extraction. 
A 50 1̂ aliquot of a standard solution containing ^C^-labelled 2378-PCDD/Fs was added to 
each litre prior to extraction. The composition of the standard is given in Appendix E (Table
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E. 1). The standard was added as an internal quantitation standard and also to act as an internal 
retention time reference in the gas chromatograph analysis. Each of the 1 1 samples was 
extracted using 2 x 50 ml of n-hexane. The two hexane extracts from the two samples were 
mixed together and reduced to a volume of about 10 ml by freeze-drying. The sample extract 
was then put onto an acid clean-up column (pre-washed using 50 ml n-hexane) containing, in 
order, anhydrous sodium sulphate, 50/50 (w/w) concentrated sulphuric acid/Celite 545, 9/1 
(w/w) anhydrous sodium sulphate/sodium hydrogen carbonate, 60-120 mesh silica gel and 
anhydrous sodium sulphate. The column was washed with 90 ml n-hexane to ensure complete 
elution of PCDD/Fs. This clean-up method was based on that of di Domenico et al (1979).

The 100 ml elution volume obtained from the column clean-up stage was reduced to about 2 
ml in volume by freeze-drying, and was transferred to a prewashed chromatography grade 
basic alumina (Woelm) column. The column was washed with 10 ml n-hexane containing 2% 
dichloromethane and the washings discarded. A subsequent wash, using 10 ml of a 25/75 (v/v) 
n-hexane/dichloromethane mixture, was used to elute the PCDD/Fs. The eluent was reduced 
in volume to about 1 ml, and 100 fil of a solution of 37Cl4-labelled 2378-TCDD in n-dodecane 
was added. The sample was then reduced to a final volume of 100 fil. The 37Cl4 -labelled 
TCDD was used as a recovery standard in the analysis to calculate the recovery efficiency of 
the extraction and clean-up procedure and as an internal quality control standard. The use of 
stable isotope labelled standards for internal quantitation and quality control has been described 
by Ambidge et a I (1990).

The analysis of the 100 jil concentrated extract from the sample for PCDD/Fs was carried out 
using capillary gas chromotography-high resolution mass spectrometry (GC/HRMS) operating 
the VG Autospec mass spectrometer in the multiple ion detection mode via voltage scanning 
and using group switching. The column used was SGE BP5 50m capillary column (0.25 mm 
i.d., 0.2 jam film) initially at a temperature of 180°C. The sample was injected via a 
split/splitless injector in the splitless mode and after 1 minute the column was temperature 
programmed to 220°C at 10°C/min. A second temperature programme at 4°C/min to 280°C, 
at which the temperature of the column was held for 30 min, was used to elute the PCDD/Fs.

The results of PCDD/F analysis on the water samples showed that they were below the 
analytical limit of detection, which is give in Appendix E (Table E.2).
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6.2. Sediment Samples
6.2.1 Determination of dry weight, organic content and particle size

A small subsample was removed from the 150 ml pot of sediment collected at each site to 
determine the dry weight (or water content) and loss on ignition (organic carbon content) of 
the sediment samples. The subsamples were placed into pre-weighed porcelain crucibles and 
weighed on three occasions, once wet, once after drying to constant weight in an oven (to 
deterimine dry weight) and once after igniting in a furnace at 550°C for 5 hours (to burn off 
organic carbon). These parameters are given in Appendix D (Table D.3).

The remaining sediment samples were sent to ADAS Laboratories to determine the amount of 
sand (<63 ^m) in each sample. The results are also given in Appendix D.

6.2.2 Analysis of PCDD/Fs

Sufficient ground, dried sediment (about 100 g) was taken from each sample and weighed into 
a Soxhlet thimble. To this, 50 jj.1 of a standard solution containing 13Ci2 -labelled 2,3,7,8- 
substituted PCDD/Fs was added (composition given in Appendix E, Table E. 1). This acted as 
an internal quantitation standard and as an internal retention time reference in the gas 
chromatographic analysis.

The sample was extracted using 250 ml of an 80/20 (v/v) n-hexane/acetone mixture for 4 
hours. The extract was washed using 50 ml M NaOH followed by a distilled water wash: The 
hexane layer was retained and reduced to a volume of about 10 ml by freeze-drying. This was 
put onto a prewashed column containing, in order, anhydrous sodium sulphate, 50/50 (w/w) 
concentrated sulphuric acid/Celite 545, 9/1 (w/w) anhydrous sodium sulphate/sodium 
hydrogen carbonate, 60-120 mesh silica gel and anhydrous sodium sulphate. The column was 
washed with 90 ml n-hexane to ensure complete elution of PCDD/Fs. This clean-up method' 
was based on that of di Domenico et al (1979).

The 100 ml elution volume obtained from the column clean-up stage was reduced to about 2 
ml in.volume by freeze-drying, and was transferred to a prewashed chromatography grade 
basic alumina (Woelm) column. The column was washed with 10 ml n-hexane containing 2% 
dichloromethane and the washings discarded. A subsequent wash, using 10 ml of a 25/75 (v/v) 
n-hexane/dichioromethane mixture, was used to elute the PCDD/Fs. The eluant was reduced 
in volume to about 1 ml, and 100 jil of a solution of 37Cl4 -labelled 2378-TCDD in n-dodecane 
was added. The sample was then reduced to a final volume of 100 \i\. The 37Cl4 -labelled

16



TCDD was used as a recovery standard in the analysis to calculate the recovery efficiency of 
the extraction and clean-up procedure and as an internal quality control standard. The use of 
stable isotope labelled standards for internal quantitation and quality control has been described 
by Ambidge et al (1990).

The analysis of the 100 \x\ concentrated extract from the sample for PCDD/Fs was carried out 
using capillary gas chromotography-high resolution mass spectrometry (GC/HRMS) operating 
the VG Autospec mass spectrometer in the multiple ion detection mode via voltage scanning 
and using group switching. The column used was SGE BP5 50m capillary column (0.25 mm 
id., 0.2 urn film) initially at a temperature of 180°C. The sample was injected via a 
split/splitless injector in the splitless mode and after 1 minute the column was temperature 
programmed to 220°C at 10°C/min. A second temperature programme at 4°C/min to 280°C, 
at which the temperature of the column was held for 30 min, was used to elute the PCDD/Fs.

The results of PCDD/F analysis on the sediment samples taken are given in Appendix E, 
Tables E.3-E.22, and are shown in Figures 6.1 - 6.20. Where the concentration of one of the 
toxic isomers fell below the limit of detection, the TEQ was calculated using the analytical 
detection limit. This gave the highest likely TEQ value for the sample. The Figures give the 
total PCDD/Fs in each homologue group, and the percentage contribution of the 17 toxic 
isomers to the total TEQ. Only those isomers which contribute 4% or greater to the total are 
given.
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Explanatory Sheet for Figures 6.1-6.20

The x-axis labelling of Figures reporting total concentrations of PCDD/F homologue groups is 
as follows.

D4 TCDD F4 — TCDF
D5 PeCDD F5 = PeCDF
D6 HxCDD F6 HxCDF
D7 HpCDD F7 = HpCDF
D8 OCDD F8 — OCDF

The x-axis labelling of Figures reporting percentage contribution of individual isomers to TEQ 
is as follows.

The numbers indicate the position of the substituted chlorine atoms 
The letters D and F represent dioxins and furans respectively

2378D = 2378-TCDD
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Figure 6.4 Homologue group concentrations and isomer contributions to TEQ
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Figure 6.5 Homologue group concentrations and isomer contributions to TEQ
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Figure 6.6 Homologue group concentrations and isomer contributions to TEQ
for the River Weaver at Acton and the River Dane at Hugbridge



Co
nc

en
tra

tio
n 

(ng 
kg

*1, 
ppt

) 
Co

nc
en

tra
tio

n 
(ng 

kg
'1, 

pp
t)

Mag Brook (below), Honley Mag Brook (below), Honley

R. Spenn (below), Dewsbury R. Spenn (below), Dewsbury

Figure 6.7 Homologue group concentrations and isomer contributions to TEQ below the
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Figure 6.8 Homologue group concentrations and isomer contributions to TEQ
for the River Calder above and below the potential point source at Mirfield
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Figure 6.9 Homologue group concentrations and isomer contributions to TEQ
for the River Aire above and below the potential point source at Beal



Co
nc

en
tra

tio
n 

(ng 
kg

'1, 
ppt

) 
Co

nc
en

tra
tio

n 
(ng 

kg
‘1, 

pp
t)

R. Aire (above), Fleet Weir R. Air© (above), Fleet Weir

O
UJH
O
co
3jQ‘b.
coo

v .0

R. Aire (below), Fleet Weir R. Aire (below), Fleet Weir

Figure 6.10 Homologue group concentrations and isomer contributions to TEQ for
the River Aire above and below the potential point source at Fleet Weir
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River Erewash above and below the potential point source at Eastwood



Co
nc

en
tra

tio
n 

(ng 
kg

-1, 
ppt

) 
Co

nc
en

tra
tio

n 
(ng 

kg
'1, 

pp
t)

R. Latbkill, Alport

200  - •

150 -

100 -

50

D4 D5 D6 D7 D8 F4 F5 F6 F7 F8

R. Derwent, Froggatt
250 T

200  -■

1 5 0  ■■

100 -

50 •-

F4 F5 F6 F7 F8D4 D5 D6 D7 D8

R. Lathkill, Alport

1237BD 123478D 12387811 1237B81) 2376F 12387BF 123476F 23760 12346780 23478F OTHERS

R. Derwent, Froggatt

OCOD 1236780 123678F 12378D 2378F 2378D 1234678D123478F 23478F OTHERS

40

35

30

25

20

15

10

5

0

40

35

30

25

20
15

10

5

0

Figure 6.17 Homologue group concentrations and isomer contributions to TEQ
for the River Lathkill at Alport and the River Derwent at Froggatt
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the River Tame above and below the potential point source at Lea Marston
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7. DISCUSSION
7.1 Discussion of results - water samples

The PCDD/F analysis of the 40 water samples provides a useful baseline, with all the results 
giving concentrations and TEQs of less than 6 ng kg-1 and 0.07 ng kg '1 respectively.

7.2 Discussion of results - sediment samples

The PCDD/F results of the 36 sediment samples provide a valuable data set for UK 
freshwaters. Table 7.1 ranks the samples in terms of their total PCDD/F content and of their 
TEQ value. As explained in Section 2.1, the results of the analyses are given in two forms, the 
total PCDD/Fs in a sample and its TEQ. The total concentration (i.e. the sum of all the 
homologue groups) is a measure of the contamination level of a sample, whereas its TEQ is a 
measurement of the toxicity derived from the 17 toxic PCDD/Fs. Whilst there is generally a 
strong positive relationship between the increasing PCDD/F total concentration of a sample 
and its TEQ value,, the relative proportions of toxic to non-toxic isomers do vary (see Fig 7.1) 
probably reflecting the variability of the initial homologue profiles in the original source 
material.

Table 7.1 presents the sites in order of total concentration and TEQ, from highest to lowest. 
The mean and standard deviations of these two data sets reflect the wide range of results, with 
the mean total concentration being 4444±3794 ng kg-1, and mean TEQ being 
28.6±29.2 ng kg"1. Another useful way of describing the average of such a data set is to use 
the median, or middle value. The median for total concentration is 3258 ng kg-1 and for TEQ 
is 16.7 ng kg-1. The histograms in Fig 7.2 show the number of sites in different total 
concentration and TEQ classes (the total concentrations are expressed as ppb). The 
histograms are skewed to the lower end of the scales, showing that there are a greater number 
of less contaminated and less toxic sites. The information given in Table 7.1 is combined with 
site locations on a map of England and Wales in Fig. 7.3.

The specific project objectives pertaining to background PCDD/F concentrations, and the 
concentrations associated with specific industrial/non-industrial sources are addressed in the 
following sections.
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7.2.1 Background sites

Originally, seven river sites were chosen to provide information on background levels of 
PCDD/Fs in UK freshwaters. These were the Thames at Cricklade (Thames Region), New 
River at Wicken (Anglian Region), Dane, at Hugbridge (North West Region), Loxley near 
Sheffield (Yorkshire Region), Lathkill at Alport, Derwent at Froggatt (Severn Trent Region) 
and Irfon at Abergwesyn (Welsh Region). As it was not possible to collect sediment from the 
Irfon (see Section 4), six sites remain for comparison. When looking at the location of these 
sites in Table 7.1 it is apparent that the total concentration and TEQ in the Loxley and New 
River sediments are higher than at the other background sites. New River appears as the 
fourth most toxic river out of the 36 sites sampled despite its Grade 1 (i.e. very clean) NRA 
classification (I. Hill, pers. comm.). The site is surrounded by agricultural land so pesticide 
runoff is possible, and the sediments have a relatively high organic content (Table D.3) 
suggesting that PCDD/Fs would have an affinity with such sediments (see Section 2.2). River 
Loxley, although chosen as a background site, may possibly receive enhanced atmospheric 
deposition of PCDD/Fs from combustion sources. PCDD/Fs produced by combustion sources 
are emitted into the atmosphere and transported over long distances. It is possible that 
atmospheric emissions from Sheffield and surrounding industrial areas result in a higher 
PCDD/F concentration and TEQ here than at other background sites.

The four remaining background sites appear at the bottom of the ranking table, having among 
the lowest PCDD/F contamination and toxicity of the data set. The R. Lugg, a river in a low 
lying agricultural area of Herefordshire that was selected to explore effects of intensive 
agriculture in the catchment (non-point source). Its position as the least contaminated and 
least toxic site in Table 7.1 suggests that it is better included in the 'background' category.

Excluding the New River and R. Loxley, but including R. Lugg, a general statement of 
background PCDD/F concentrations and toxicity in UK freshwaters can be made. It would 
appear from the sites sampled that the total PCDD/F background concentrations are < 1000 
ppt, with a TEQ <6 ppt. Whilst the homologue group and TEQ profiles do vary, most show a 
predominance of OCDD and, to a lesser extent, HpCDD. Koester & Hites (1992) have shown 
that atmospheric deposition processes tend to favour the deposition of these higher chlorinated 
dioxins, giving rise to higher concentrations in the environment. It seems reasonable to 
suggest that the observed PCDD/Fs in the background river sediments result from atmospheric 
deposition, either onto the catchment or directly onto the water surface, resulting in a profile 
dominated by the higher chlorinated dioxins. Furans are also present in these homologue 
group profiles, particularly in the Thames at Crickiade'and the Dane. Whilst dioxin and furan
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isomers both contribute to the TEQ of these background sites, the highest percentage 
contribution is generally provided by 23478-PeCDF. The New River homologue and TEQ 
profiles differ from those described above, supporting the suggestion of an undefined source of 
PCDD/Fs to the river. The homologue group profile is dominated by dioxins, with HpCDD 
and HxCDD being present in the highest concentrations. PCDDs rather than PCDFs 
contribute most to the TEQ at this site, with over 35% contributed by 12378-PeCDD.

7.2.2 Non-point source sites
(i) General Urban
No potential point sources were identified for the discharge of PCDD/Fs in the Thames and 
North West Regions. In both regions, sites were chosen as representative o f general urban 
inputs into major rivers. In the Thames Region these were the Thames at Caversham Weir, 
Reading and at Teddington, West London (Fig 6.1). In the North West, sites were chosen on 
the R. Alt, Merseyside the R. Mersey at Warrington and the R. Weaver south of Warrington 
(Figs. 6.5 and 6.6). Table 7.1 shows that the Thames sites are below the average total 
concentration and TEQ (both mean and median). Teddington is downstream o f Caversham 
Weir and has a higher total concentration, but the TEQs of the two sites are very similar. The 
R. Weaver has a similar total concentration to the Thames at Caversham, but has a higher 
TEQ. Sediments from the Mersey and Alt are much more polluted and toxic. They contain 
the highest TEQs of all 36 samples, and the Alt has the highest total concentration. It is worth 
noting that the Alt site was a considerable distance downstream and so probably acts as a 
source of PCDD/F to its estuary. Looking at the homologue profiles, the Mersey is similar to 
the Thames at Caversham, and the Alt is similar to the Thames at Teddington. OCDD makes 
the largest contribution to total PCDD/Fs at the latter four sites, with a significant input also 
from HpCDD. The Weaver has a different total concentration profile, with TCDF being the 
dominant homologue group. In terms of TEQ, the greatest contribution (>35%) to these sites 
is made by 123478-HxCDF, with the exception of the Weaver whose most important isomer is 
23478-PeCDF. The isomer 123478-HxCDF contributes almost 60% of the toxicity to the Alt.

(ii) Agricultural.
The R. Granta at Hildersham and R. Lugg at Hereford were chosen to assess the effect of 
pesticide use in agricultural areas. As has been shown, the R. Lugg has the lowest total 
concentration and TEQ of the data set and so is better placed in the background category. The 
Granta also shows little evidence of contamination, with a total concentration o f <1000 ppt 
and TEQ <10 ppt. The total concentration profile show a dominance of OCDD and, to a 
lesser extent, HpCDD. In terms of TEQ, over 45% is contributed by 123478-HxCDF (Fig. 
6.4). Both the Lugg and Granra indicate that agricultural areas contribute little to PCDD/F
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contamination in rivers. However, as discussed earlier, the New River is also situated in an 
agricultural area and has much higher levels of PCDD/Fs, which suggests that an unidentified 
source of PCDD/Fs may be responsible for the observed measurements. It is not possible to 
determine whether the observed levels are pesticide-derived or due to another source.

(iii) Others
The Pressbrook was chosen as a site possibly containing PCDD/F contamination from the 
nearby burial of rubble from an explosion at the Coalite plant near Bolsover. Its position in 
Table 7.1 (26th in both columns) does not suggest a high level of contamination in comparison 
with other sites, although the total concentration and TEQ are higher than the Derwent at 
Froggatt and the Lathkill which are background sites in the Severn Trent Region. The 
homologue group profile for the site (Fig. 6.18) shows a predominance of OCDD with less 
HpCDD, but also shows a relatively high concentration of TCDF and PeCDF. The isomer 
23478-PeCDF contributes the greatest percentage to TEQ, at over 30%. Stack, incinerator 
and boiler samples from the Coalite works show a strong predominance of TCDD in total 
PCDD/F and TEQ results (Berryman et al 1991). This feature is not observed in the 
Pressbrook which suggests that Coalite rubble alone is not a predominant source o f PCDD/Fs 
in the area.

7.2.3 Point source sites
(i) Textile industries and sewage treatment works
Four sites were chosen as indicators of any contribution of textile works (and associated 
sewage treatment works) to PCDD/Fs concentrations in rivers. These were R. Amber, R. 
Derwent and R. Erewash in Severn Trent and Mag Brook in Yorkshire. Sediment samples 
were taken above and below the potential point source at the three Severn Trent sites, and 
below only at Mag Brook as sediments could not be located upstream.

The R. Amber receives a relatively large amount of effluent compared to the size of the 
catchment, as in addition to the textile industry and sewage treatment works there is a colliery 
in the area. Table 7.1 shows that there is a large difference in total concentrations and TEQs 
of PCDD/Fs between the above and below point source sample sites. The upstream site is 
within the top ten of cleaner sites in both columns, whereas the downstream site has the third 
largest total concentration and TEQ of all the sites. This is the largest difference between 
above and below sites measured. The contribution of homologue groups to the total 
concentration changes from the above to below sites, and it seems likely that the textile 
industry and/or the sewage treatment works and colliery are contributing to the elevated 
PCDD/F levels in the river. At the above site, all dioxin and fiiran groups are present at low
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I
levels, with a small excess of OCDD and HpCDD. Below the point source, HpCDD 

m  dominates the homologue profile with significant contributions from OCDD and HxCDD. At
™ both sites, the isomer 123478-HxCDF contributes the highest percentage to TEQ (Fig. 6.13).

i■  The potential point sources identified on the River Derwent at Church Wilne were a textile 
industry which produces acetate and has dealt with speciality chemicals e.g. flame retardants,

■  and a sewage treatment works. The location of accumulating sediments was difficult, which 
resulted in the above sample being taken some distance upstream near Derby (see Map B5.2).

V  The results from this upstream site showed total concentrations and TEQs o f PCDD/Fs to be
^  higher than downstream (Fig, 6.14). Table 7.1 shows the ug^tream site to be in the top five
^  most contaminated and toxic of those sampled. This site is clearly being contaminated with

PCDD/Fs from another source, perhaps in Derby, and any contribution from the textiles 
^  factory is not contributing significantly to the PCDD/F loading of the river. The total PCDD/F

profiles for both sites showed a dominance of HpCDD. In terms of TEQ, dioxin isomers 
dominated at the above site, with 12378-PeCDD and 1234678-HpCDD contributing most.

■  Downstream, dioxins also made a large contribution to TEQ, with 1234678-HpCDD 
contributing >25%.

I
The R. Erewash site also receives effluent from a textiles industry. Table 7.1 shows that the 

■j results from above and below the potential point source are positioned close together, although
®  both total concentration and TEQ are higher downstream. The total concentration o f
^  PCDD/Fs and the TEQ at both sites are lower than the average (mean and median) given for

the data set. The homologue group profiles are similar for both sites, with a predominance o f 
OCDD and to a lesser extent HpCDD. In both cases, both dioxins and fiirans contribute to

m
■  TEQ, with the largest percentage being provided by 23478-PeCDF upstream and 123478- 

HxCDF downstream (Fig. 6.16). The results suggest that although the total concentration and
f l  TEQ of PCDD/Fs are marginally higher downstream, the potential point source does not make

a significant difference to the PCDD/F loading of the river.

®  No accumulating sediment was located upstream of the potential point source on the Mag
^  Brook, so a below point source sample only was taken. Table 7.1 shows the Mag Brook to be
Q  among the most contaminated of those sampled, having the second highest total concentration

and sixth highest TEQ in the Table. The homologue group profile (Fig. 6.7) shows a
■  dominance of OCDD with a significant contribution also by HpCDD and TCDD. Dioxins and 

furans both contribute to the TEQ, with 23478-PeCDF having the highest percentage (>30%).
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(ii) Chemical industries and sewage treatment works.
The rivers identified as having a potential point source of PCDD/Fs from chemical industries 
were the rivers Calder, Aire and Spenn (Yorkshire Region), which had associated sewage 
treatment works, and R. Cam (Anglian Region). Sediment samples were collected above and 
below the potential point sources at all sites except the Spenn, where accumulating sediment 
could not be located above the potential source.

River Calder results show that the sample taken above the potential source has a higher 
PCDD/F total concentration and TEQ than below, and Table 7.1 shows the difference to be 
relatively large (a factor of 3 for total concentration and 6 for TEQ). The sediment 
characteristics of the samples suggest a possible explanation, with the samples downstream 
having a very high sand content (only 4% of material being <63 ^m) and low organic content 
(<4%). The comparable figures upstream were 36% and 16% respectively. The affinity of 
PCDD/Fs to organic material and the likelihood of higher organic concentrations in finer 
grained sediment would suggest that total concentrations would be lower under the described 
sedimentary conditions downstream. As suggested for the Derwent at Church Wilne, it is 
possible that an unidentified source of PCDD/Fs is present upstream, contributing to the higher 
PCDD/F concentrations and toxicity measured. The lack of organic-rich accumulating 
sediment at the downstream location may also reflect rapid the transportation of PCDD/Fs in 
suspension away from the site. Table D .l shows that there is a high suspended load at Calder 
below, which coupled with a low sedimenting environment, would support this point. It is also 
possible that the potential point source identified is not emitting PCDD/Fs to any large extent, 
and so the concentrations upstream have been diluted by the downstream sample point. This is 
supported by similar homologue group profiles at both sites, whichs show a predominance of 
OCDD and HpCDD (Fig. 6.8). Both 12378-PeCDD and 2378-TCDF provide 20% of the 
TEQ at the upstream site, with 23478-PeCDF and 1234678-HpCDD contributing the largest 
percentage downstream.

Table 7.1 shows that the total PCDD/F concentration and TEQ of both upstream and 
downstream samples from the R. Aire at Beal fall into the upper half of both columns, 
indicating that the samples are among the more polluted in the data set. In addition to the 
chemical industry identified as a potential point source of PCDD/Fs to the river, there is also a 
power station in the vicinity which may contribute to the PCDD/F levels in the river via 
atmospheric deposition. The downstream site has a higher total concentration and TEQ than 
the upstream site, and both homologue group profiles show a predominance of OCDD and 
HpCDD. The isomers 1234678-HpCDD and 23478-PeCDF contribute the most to TEQ 
upstream, and these plus 2378-TCDD provide the greatest contribution to TEQ downstream
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(Fig. 6.9). It is clear that the sediments downstream are more highly contaminated than above 
the potential source, but it is not possible to determine whether this is due to the chemical 
works identified, or whether atmospheric deposition from the nearby powerstation also has an 
effect.

No accumulating sediments were located above the potential point source in the Spenn, so 
sediment results were taken from downstream only. The original potential point source 
selected was a chemical industry producing phenoxy-acetic acid. About two weeks before 
sampling, a fire had broken out at a second chemical works in the catchment. The chemical 
content of the water used to put out the fire would have damaged the sewage treatment works, 
so the works were by-passed and the water went directly into the Spenn. Life in the river was 
severely damaged by this incident. Table 7.1 shows that the Spenn is the 4th most 
contaminated and 8th most toxic of those sampled. The homologue group profile again shows 
high concentrations of OCDD and HpCDD, and also a relatively high concentration of TCDF 
and TCDD. The isomer 12378-PeCDD contributes the highest percentage to TEQ (Fig. 6.7). 
This site is more highly contaminated by PCDD/Fs than many other sites, but the extent to 
which the fire at the second chemical works contributed, to this contamination is unknown.

The chemical works at Hauxton on the R. Cam produces agrochemicals, and samples were 
taken above and below the effluent pipe from the works. The results from this site are unusual 
because although the total concentration of PCDD/Fs is similar upstream and downstream, the 
TEQ is much higher above the potential point source (Table 7.1). The homologue group 
profiles show that although the total concentration is similar at both sites, the structure of the 
groups that make up the total is different (Fig. 6.3). The most noticeable feature is that 
although most of the homologue groups have decreased in concentration downstream, TCDD 
and TCDF have dramatically increased, which gives a similar total concentration to the 
upstream site. However, of these large TCDD and TCDF groups, only a small proportion (1% 
or less) are the toxic 23 78-substituted isomers, resulting in the low TEQ value downstream 
(see Table E.5). A possible explanation for these results is that there is an unidentified source 
of PCDD/Fs further upstream, contributing to a large total concentration and TEQ at the 
above point source site. The upstream sample was taken above a weir where accumulating 
muddy sediment was plentiful. Emergent and submergent macrophytes were present, 
providing a favourable sedimentary environment for the deposition of particulates and 
associated PCDD/Fs (the R. Tame at Lea Marston, described later, provides an example of the 
settling of particulate-associated PCDD/Fs under favourable conditions). Below the weir, the 
potential point source appears to have contributed a large concentration of total TCDD and 
TCDF to the PCDD/F loading of the river, although the toxicity of these groups is very low.

24



(iii) Others
Other potential point sources investigated are steelworks and sewage treatment works (R. 
Don, Rotherham), lubricating oils manufacture and sewage treatment works (R. Denvent, 
Belper), and sewage treatment works alone (R. Aire, Fleet Weir). R. Tame at Lea Marston 
provided a slightly different situation, where river water containing sewage treatment works 
effluent passed through a system of purification lakes, and samples were taken above and 
below the largest lake.

The R. Don at Rotherham is another example of a site which has a higher PCDD/F total 
concentration and TEQ above the potential point source than below it. The ranking in Table 
7.1 shows both the upstream and downstream samples are in the upper half of the table, 
indicating that both sites have a relatively high level of contamination and toxicity. Both 
sampling sites are in a highly industrialised area and it would not be unreasonable to assume 
that another unidentified source is contributing to the PCDD/F concentration and toxicity 
above the steelworks. The homologue group profiles differ between the two sites which 
suggests that sources of PCDD/Fs change downstream. Above the point source, highest 
concentrations are present in the HpCDD group, followed by OCDD, and this pattern is 
reversed downstream (Fig. 6.11). Furan groups are present in higher concentrations at the 
upstream site, particularly TCDF. It is possible that the effluent from the steelworks and 
sewage treatment works is contributing to the homologue profile described downstream, and 
that the PCDD/Fs contributed by the unidentified source upstream have settled out above this 
identified point source.

The R. Derwent at Belper also has a higher concentration of PCDD/Fs and a higher TEQ 
above the potential point source than below it. The sites appear either side of the median in 
Table 7.1. The homologue profiles at the two sites are very similar, with OCDD and HpCDD 
dominant in both (Fig. 6.15). A similar profile but lower concentration suggests that the 
potential point source is not contributing PCDD/Fs to the river to any significant level, and that 
the concentration is decreasing downstream due to dilution. A mixture of dioxins and fiirans 
contributes to the TEQ at both sites, with >20% being provided by 23478-PeCDF and by 
1234678-HpCDD upstream, and 123478-HxCDF and 1234678-HpCDD contributing most to 
TEQ downstream.

Sediment samples from the R. Aire at Fleet Weir also have a higher total concentration and 
TEQ above the potential point source, in this case a sewage treatment works. Table 7.1 shows 
that in terms of total PCDD/F concentration, both samples fall in the lower half of the table, 
but are either side of the median in the TEQ column. The homologue group profiles show a
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difference downstream and upstream suggesting a change in PCDD/F source over that distance 
Fig. 6.10). Upstream, the profile is dominated by HpCDD, with other groups providing much 
lower concentrations. Downstream, the profile contains mostly OCDD and HpCDD. About 
25% of the TEQ of both samples is provided by 1234678-HpCDD.

At R. Tame, Lea Marston, samples were taken before sewage treatment works effluent from 
Birmingham and the Black Country entered the lake purification system ('above' sample), and 
below the largest purification lake. As may be expected, total concentration and TEQ were 
higher above the lake than below it. The homologue group profile above the lake showed a 
dominance of TCDD/F, and both 2378-TCDD and 23478-PeCDF provided the greatest 
contribution to TEQ. Below the lake, the contribution of TCDD/F was still visible, but these 
groups had a lower concentration than HpCDD and OCDD. About 35% of the TEQ below 
the lake was provided by 23478-PeCDF (Fig. 6.19). This site at Lea Marston illustrates how 
PCDD/Fs attached to suspended particulates will settle out under favourable sedimentary 
conditions. Table 7.1 shows that as the river passed through the largest water purification 
lake, the total concentration of sediment-associated PCDD/Fs was reduced by 4000 ng kg"1, 
and the TEQ was reduced by almost 50%.

7.2.4 General observations

The preceding sections described the range of PCDD/F concentrations and TEQs present at 
the 36 sampling sites, together with information on the homologue group profiles and the 
contributions of individual isomers to the TEQs. An overview of the data presented allows the 
following observations to be made.

• inspection of the homologue group profiles shows that the most common pattern in terms 
of contribution to the total concentration is, OCDD providing the highest concentrations, 
with'the second highest contribution from HpCDD. Of all the sites, 24 (67%) conform to 
this pattern. These 24 sites include a geographical spread across different site types 
(including background, point- and non-point sources), and vastly differing concentrations, 
including both the Alt (most highly contaminated site) and the Lugg (least contaminated 
site). These homologue groups are also the two most important in a further four sites, but 
in the reverse order, so in the total homologue profiles of 28 sites (78%) are dominated by 
these two groups.

• the relative contributions of the seventeen 2378-substituted isomers to the TEQ shows that 
either 23478-PeCDF or 123478-HxCDF tend to dominate at over 70% of the sites. As
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with homologue groups, these isomers dominate sites of varying type and varying TEQ 
values.

The similar homologue and TEQ profiles at many different sites makes it difficult to identify a 
'fingerprint' pattern which can associate environmental levels with a particular PCDD/F source. 
The fingerprint method, using homologue group profiles, has been use by various authors to 
try and associate environmental levels of PCDD/F with particular sources. This approach, 
although successful in some cases, should be used with a certain amount of caution. 
Fingerprinting can be useful when the point source produces a distinct homologue pattern. For 
example, measurements from the waste incinerator stack at Coalite Chemicals works, 
Derbyshire, show a clear predominance of the TCDD group (Berryman et al 1991). This 
homologue group can also clearly be seen in soil samples in the area (MAFF 1992). The 
procedure of fingerprinting becomes more difficult when a number of different sources o f 
PCDD/Fs may produce similar homologue profiles. For example, Hagenmaier et al (1986) 
observed a predominance of OCDD and HpCDD in R. Neckar and R. Danube sediment 
samples, and suggested that the major source of these higher chlorinated dioxins was 
pentachlorophenol, as this chemical displayed a similar homologue profile. However, simlar 
profiles observed in sediments of the Great Lakes were interpreted as being a result o f 
atmospheric deposition of combustion-derived PCDD/Fs, due to a strong similarity of 
sediment profiles with those of air particulates (Czuczwa & Hites 1986). Chromatograms 
produced during PCDD/F analysis contain additional information on other individual isomers 
present in samples. It is possible that such information could be used to match source patterns 
with those found in the environment more closely.

Since no published data is available on levels of PCDD/Fs in UK freshwaters, information on 
UK background and urban soils provides a useful comparison. Data are available on the total 
concentration of PCDD/Fs in urban and rural UK soils in England, Wales and lowland 
Scotland (Creaser et al 1989, 1990) Both urban and rural soils show a predominance of 
OCDD with the second largest contribution from HpCDD in the homologue profiles, as seen in 
the majority of UK river sites. PCDD/F concentrations in urban UK soils are about-an order o f 
magnitude greater than in semi-urban and rural areas. The range of urban PCDD/F soil 
concentrations in England and Wales varies considerable, and the results show a mean total 
PCDD/F concentration of 12 010 ng kg"1 but a median of 1436 ng kg-1. In order for an easier 
comparison with the sediment data set, results from a typical London and Sheffield soil have 
been taken from Creaser et al (1990). The total concentration of PCDD/Fs in the London soil 
were 2794 ng kg-1, and 5270 ng kg-1 in the Sheffield soil. The London soil is similar to the 
Teddington sediment total concentration given in Table 7.1, and the Sheffield soil is
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comparable with sediment samples of higher than average contamination. The mean total 
concentration for UK background soils is 453 ng kg-1, which agrees with the background river 
sites at the bottom of Table 7.1. TEQ values were not available from the soils studies. 
PCDD/Fs have been measured in London air and the % contribution of isomers to TEQ has 
beeai calculated (Clayton et al 1992). The most dominant isomer measured in London air was 
23467-PeCDF, which contributed 27% to the TEQ. This is one of the isomers which provides 
a large contribution to TEQ at many of the river sites in this study (see above).

7.3 Other international studies.

Results from this study can also be placed in a broader context by comparing them with studies 
that have been carried out on freshwater systems in other parts of Europe, in North America 
and Japan (see Fletcher & McKay 1993, and Table 7.2).

Two rivers which can be compared with UK background total concentrations are the Hamburg 
background (Gotz et al 1990) and the Elk River (Reed et al 1990), see Table 7.2. The 
background concentration in the vicinity of Hamburg was taken as a comparison with 
Hamburg Harbour sediments, and River Elk samples were taken to provide baseline levels 
prior to the operation of a refuse-derived fuel power electricity generating station in 
Minnesota. Total PCDD/F concentrations from both studies fall within the range of 
background rivers in the UK. TEQ values are not available for comparison.

The remaining studies reported in Table 7.2 give an indication of the range of PCDD/Fs found 
in polluted waters. The highest total PCDD/F concentration reported is in a Norwegian fjord, 
and, though not strictly comparable, shows the severe pollution levels that have been identified 
in natural waters, in this case due to a magnesium production plant (Knutzen & Oehme 1989). 
The median total PCDD/F concentration taken from the UK study (3260 ppt) is comparable to 
less polluted parts of the Rhine (Evers et al 1988) and to rivers such as the Neckar and Danube 
(Hagenmaeir et al 1986). Evers et al (1988) investigated the level o f PCDD/F contamination 
in River Rhine sediments by measuring concentrations in sediments at various locations along 
the river. The Rhine is polluted by effluents from chemical and mining industries, and receives 
runoff from agricultural areas. As might be expected, the authors found that sediments from 
the upper reaches of the river (e.g. Basel, Table 7.2) contained lower concentrations of 
PCDD/Fs than at lower lying, more industrialised parts of the river. The highest PCDD/F 
concentrations were found in sediments of the Ruhr, a heavily industrialised tributary of the 
Rhine (Table 7.2), although these high levels seemed to have relatively little impact on the 
receiving waters of the Rhine. The most highly contaminated sample in the UK study (R. Alt,
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>15 000 ppt) is approaching the level of contamination seen in these areas of the Rhine, and 
also the R. Elbe (Gotz et al 1990, 1992).

Attempts have been made in some studies to attribute sources to the PCDD/Fs identified. 
Evers et al (1988) compared congener profiles from Rhine sediments with those from 
commercial PCB mixtures, and pulp and paper mill sludges, which contain high levels of 2378- 
TCDF, and fly ash and PCB pyrolysates, in which certain HxCDF and FIpCDF isomers 
predominate. However, the Rhine sediments did not contain these marker compounds and so 
sources could not be directly associated with municipal or chemical incineration processes. 
The authors indicated that the PCDD/Fs recorded might be incidental by-products of specific 
industrial processes such as chlorinated benzene production. Gotz et al (1992) interpreted the 
pattern of HpCDFs in congener profiles as originating from both combustion and non­
combustion sources. The study by Hagenmaier et al (1986), mentioned in Section 7.2.4, 
measured PCDD/F congener profiles in sewage sludge, pentachlorophenol (an industrially 
produced pesticide) and stack gases from a municipal waste incinerator plant. They first 
concluded that the major source of HxCDD, HpCDD/F and OCDD/F in sewage sludge was 
pentachlorophenol, and then compared these congener profiles with those from river and lake 
samples. The congener profiles from Rivers Neckar and Danube displayed a dominance of the 
above mentioned congeners, and Hagenmaier et al (1986) concluded that the major source of 
these higher-chlorinated PCDD/Fs in these rivers was pentachlorophenol. The congener 
profile from Lake Constance showed a more even distribution between PCDD/F congeners, 
more akin to municipal waste stack gases, which suggested that atmospheric inputs may have 
played a more important role in the deposition of PCDD/Fs to Lake Constance than to the 
rivers studied.

Many rivers in the UK study receive effluents from sewage treatment works. It is difficult, 
however, to distinguish their contribution from that of other sources investigated due to 
similarities in homologue patterns (the sample from R. Aire at Fleet Weir below a sewage 
treatment works has the same pattern of OCDD/HpCDD dominance seen at many other sites). 
However, concern over the levels of PCDD/Fs in sewage sludge has prompted much research 
into the importance of various inputs to sewage treatment works, particularly in Germany and 
Scandinavia, because sewage sludge is often used as a fertilizer on agricultural land. Sources 
vary depending on the uptake of the plant, and, in addition to industrial waste water effluents, 
sources can include combustion products from incinerators and vehicle exhausts via 
atmospheric transport.and urban runoff (Naf et al 1990). Inputs to a wastewater treatment 
plant in Stockholm, Sweden, were investigated and compared with outlet waste water and 
digested sludge (Naf et al 1990). PCDD/F congener profiles from inlet and outlet water were
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similar, dominated by OCDD. The urban runoff pattern, also sampled, differed from this 
indicating the importance of industrial and domestic waste water inputs as opposed to runoff. 
The outlet water contained an order of magnitude lower concentration of PCDD/Fs on a N- 
TEQ basis than the inlet water. The authors showed that the major proportion of PCDD/Fs 
received by the plant were removed in digested sludge.

The observation of a relatively small input from surface runoff inputs from was also made by 
Horstmann et al (1992), who investigated the relative contribution of surface runoff and 
household wastewater to PCDD/F levels in sewage sludge in Germany. The PCDD/F pattern 
was similar for household waste and sewage sludge, but different for surface runoff. A crude 
mass balance indicated that 3-5 times more OCDD found in sewage sludge originates from 
households than for runoff. The authors also found that a large proportion o f PCDD/Fs in 
sewage sludge came from unidentified 'other sources'.

Attempts have been made to determine the relative importance o f  inputs contributing to 
PCDD/Fs present in household waste. Rappe et al (1990) investigated the PCDD/F content o f 
household hypochlorite bleach and liquid soap in Sweden, and found that although PCDD/F 
levels in the bleach were low, liquid soap did contain 2378-substituted PCDD/Fs, including 
2378-TCDD. This may have been because liquid soaps are a by-product of the pulp industry, 
and the process of bleaching pulp is known to produce PCDD/Fs (Rappe et al 1990). Rappe 
& Anderson (1992a) measured the PCDD/F concentrations in wastewater from washing 
machines and dishwashers, as the detergents used contain substances which may generate 
PCDD/Fs during washing cycles. However, the contribution of these detergents to sewage 
sludge was found to be extremely low. Another possible input o f PCDD/Fs to sewage 
treatment works is human faeces. PCDD/Fs have been identified in human adipose tissue, milk 
and blood, and on investigation, Rappe & Andersson (1992b) showed that a series o f 2378- 
substituted PCDD/Fs were found in faeces samples. The congener profiles correlated well 
with samples of human fat. However, the isomer profile found differed from that in sewage 
sludge, and the authors concluded that faeces cannot explain the levels of PCDD/Fs found in 
sewage sludge.
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Table 7.1 Sediment sampling sites ranked bv total PCDD/F concentration and TEO
(ng kg-1 dry weight)

Rank Site Location Total
PCDD/Fs

Rank Site Location TEQ

1 R. Alt, Altmouth 15 970 1 R. Alt, Altmouth 122.805

2 Mag Brook, Honley (below) 12 410 2 R. Mersey, Howley Weir 101.51

3 R. Amber, Ambergate (below) 10 390 3 R. Amber, Ambergate (below) 80.995

4 R. Spenn, Dewsbury (below) 9690 4 New River, Wicken 73.005

5 R. Derwent, Church Wilne (above) 9630 5 R. Derwent, Church Wilne (above) 70.11

6 R. Mersey, Howley Weir 9310 6 Mag Brook, Honley (below) 51.105

7 R. Aire, Beal (below) 7390 7 R. Don, Rotherham (above) 50.925

8 R. Don, Rotherham (above) 7050 8 R. Spenn, Dewsbury (below) 48.735

9 R. Aire, Fleet Weir (above) 6763 9 R. Calder, Mirfield (above) 44.205

10 R. Tame, Lea Marston (above) 6690 10 R. Aire, Beal (below) 35.355

11 New River, Wicken 6593 11 R. Tame, Lea Marston (above) 32.095

12 R. Aire, Beal (above) 5160 12 R. Cam, Hauxton (above) 26.0

13 R. Aire, Fleet Weir (below) 4500 13 R. Don, Rotherham (below) 25.645

14 R. Derwent, Belper (above) 4470 14 R. Aire, Fleet Weir (above) 24.2

15 R. Calder, Mirfield (above) 4450 15 R. Aire, Beal (above) 23.32

16 R. Don, Rotherham (below) 4070 16 R. Derwent, Belper (above) 19.765

17 R. Cam, Hauxton (above) 3646 17 R. Weaver, Acton 18.4

18 R. Cam, Hauxton (below) 3584 18 R. Tame, Lea Marston (below) 16.765

19 R. Thames, Teddington 2975 19 R. Derwent, Church Wilne (below) 16.530

20 R. Tame, Lea Marston (below) 2580 20 R. Loxley, near Sheffield 14.945

21 R. Derwent, Belper (below) 2556 21 R. Denvent, Belper (below) 13.735

22 R. Loxley, near Sheffield 2530 22 R. Aire, Fleet Weir (below) 13.495

23 R. Erewash, Eastwood (below) 2499 23 R. Thames, Caversham Weir 13.227

24 R. Erewash, Eastwood (above) 2180 24 R. Thames, Teddington 12.280

25 R. Derwent, Church Wilne (below) 2088 25 R. Erewash, Eastwood (below) 11.985

26 Pressbrook, Ogston 1678 26 Pressbrook, Ogston 9.060

27 R. Thames, Caversham Weir 1537 27 R. Amber, Ambergate (above) 8.955

28 R. Weaver, Acton 1527 28 R. Erewash, Eastwood (above) 8.385

29 R. Calder, Mirfield (below) 1449 29 R. Granta, Hildersham 7.820

30 R. Amber, Ambergate (above) 1147 30 R. Cam, Hauxton (below) 7.778

31 R. Granta, Hildersham 952 31 R. Calder, Mirfield (below) 6.445

32 R. Thames, Cricklade 860 32 R. Thames, Cricklade 5.786

33 R. Derwent, Froggatt 631 33 R. Derwent, Froggatt 5.605

34 R. Dane, Hugbridge 446 34 R. Dane, Hugbridge 4.208

35 R. Lathkill, Alport 335 35 R. Lathkill, Alport 2.753

36 R. Lugg, Hereford 281 36 R. Lugg, Hereford 1.985



Table 7.2 Concentrations of PCDD/Fs in surface sediment samples

Author River/lake Total
PCDD

concentration in surface sediments (ppt)
Total Total I-TEQ 2378- 
PCDF PCDD/F TCDD

Evers et al (1988) R. Rhine 
near Basel 
near Strasbourg 
near Dusseldorf 
near Rotterdam 
R. Ruhr

1170
7711
8595
2057
8148

862
1000
9351
4540
9212

2032 
8711 
17 946 
6597 
17 360

21
27
187
78
310

Hagenmaier et al 
(1986)

R. Neckar u/s 
Heidelberg 
R. Danube at Ulm

2730

2700

950

860

3680

3560

Gotz et al (1990) Hamburg Harbour 

Hamburg background 160 51

10 000 - 
75 000 

211

1 - 1500 

<0.5

Gotz et al (1992) R. Elbe, Artlenburger 
R. Elbe, Hamburg

4740 
11 480

10 850 
13 300

15 590 
24 780

167
127

1
n.d.

Knutzen & 
Oehme (1989)

Frierfjord, Norway 749 000 18 000
(Nordic
TEQ)

110

Czuczwa et al 
(1985)

Lake Zurich -2200 -790 -2990

Reed et al ( 1990) Elk River, Minnesota 29 665 694 n.d.

Czuczwa & Hites 
(1984)

Saginaw River 

Lake Huron

-57 000 

-1990

—54 000 

-633

-111 000 

-2623

-1000

Czuczwa & Hites 
(1986)

Lake Michigan

Lake Erie 
Lake Ontario

—1470

—1855
-5120

-275

-70
-5030

-1745

-1925 
-10 150

-10
-20

Miyata et al 
(1988)

river samples, Osaka 5300- 
14 000

2700- 
16 000

8000- 
30 000

~ approximate values have been taken from illustrations
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Figure 7.1 Relationship between total PCDD/F concentration and TEQ



(a)

11 12 13 

to ta l PCDD/F concentration (ppb)

(b)

TEQ (ppt)

Figure 7.2 Histogram showing (a) the number of sites in each concentration 
class and (b) the number of sites in each TEQ class
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Figure 7.3 Sample site locations showing total PCDD/F concentrations and TEQ's at each site



8. CONCLUSIONS

A number of conclusions arise from the results of this study.

1. The analysis of 40 water samples from both potentially polluted and background areas 
showed PCDD/F concentrations to be below the limit of detection. This suggests that further 
routine monitoring of water samples is unnecessary unless specific pollution episodes warrant 
investigation. The sediment results have confirmed that bottom sediments provide a reservoir 
for PCDD/Fs, and would more usefully provide a means for monitoring PCDD/F levels in the 
aquatic environment.

2. The total concentrations and TEQs of PCDD/Fs presented here from a survey of 36 
sediment sampling sites suggests that the levels present in fine riverine sediments across 
England and Wales can vary by at least a factor of 50, from 300-16 000 ng k g '1 total 
concentration and 2-120 ng k g '1 TEQ. These values are comparable to the range found in UK 
soils and of surface sediments in other parts of Europe.

3. It seems reasonable to assume that fine river sediment in England and Wales has a 
background total concentration in the order of 300-400 ng k g '1 and a background TEQ of 2-4 
ng-kg-1, originating primarily from direct deposition and indirect catchment runoff of 
atmospherically derived PCDD/Fs.

4. The sources of PCDD/Fs present in the rivers of England and Wales are not well 
defined, with the results of this study suggesting that unidentified point or diffuse sources may 
often completely mask the impact of identified potential point sources.

5. The information present in the literature on the homologue profiles of specific and 
diffuse sources is limited, and when coupled with the similarity in many of the homologue and 
TEQ profiles in the sediments sampled, this increases the difficulty of matching measured 
contamination with likely sources.
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9. RECOMMENDATIONS FOR FUTURE WORK

1. The commonly adopted 'fingerprint' procedure for identifying sources is based on the 
matching of a limited number of homologue groups. Whilst used internationally, this technique 
clearly has its limitations. The gas chromatograms produced during analysis contain 
information on all 210 PCDD/F isomers. It is theoretically possible to extract this information 
to give much more detailed information on the samples analysed. A possible extension of the 
present study would involve extracting this information as the first step to developing a more 
sophisticated procedure for matching source to contamination.

2. Based on the results of this study, we would recommend that an attempt is made to 
identify the extent and source of the contamination observed upstream of sites on the rivers 
Derwent (Church Wilne and Belper), Calder, Hauxton, Don, and Aire (Fleet Weir).

3. This study was conducted on freshwaters only with the tidal limit o f rivers providing a 
lower boundary for sampling. The contribution of riverine inputs to PCDD/F contamination o f 
estuaries and coastal waters should be investigated. We would recommend that such a study 
should concentrate, at least initially, on the two rivers we have ranked highest in terms of 
TEQ, namely the Alt and Mersey.

4. In assessing the fate of particulate-associated PCDD/Fs in estuaries and coastal 
regions, an important consideration are the areas of tide-washed pastures around the coast 
which are regularly inundated with seawater. Fine particulates are deposited in these regions 
which are often grazed by sheep and cattle and occupied to differing extents by members of the 
public. It is possible that such land uses may provide a route for PCDD/Fs back to man. A 
limited investigation should be undertaken to determine whether this is a significant pathway.
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QUESTIONNAIRE AND SAMPLE RESPONSE

DISTRIBUTION OF PCDDs AND PCDFs IN SURFACE FRESHWATER SYSTEMS

1. This questionnaire is seeking to derive some basic information on the distribution of 
dioxins in surface FRESH WATERS. The following statements lead to Section 7 
where the request for basic information is made.

2. Annex 1 overleaf contains a list o f "typical" dioxin-forming industries. Some of these 
may be in your Region. These practices may not be directly associated with water (e.g. 
incineration stacks), but water may be downwind o f them.

3. It should be possible to identify high/abnormally high levels of PAHs; PCBs; PCPs, 
Organochlorine pesticides from your Regional surface water quality monitoring 
programmes. Typically these would be levels at or in excess of EEC guidelines.

4. These chemicals are often associated with the dioxin-forming industries. Unless the site 
has already been tested for the presence of dioxins, there will be no firm information as 
to dioxin presence or levels. Indicator chemicals found in surface waters adjacent to or 
near recognised dioxin-forming industries represent the best clue as to their presence.

5. Due to the nature of dioxins, they readily become associated with particulate matter. It 
is proposed that sediment samples will be taken simultaneously and stored. If the water 
samples contain low dioxin levels, then sediments will be analysed. Sediments may also 
have been taken in your routine sampling programme and you may have information on 
the sediment type and usual sampling method.

6. It is the intention that sampling of surface waters ties in as close as possible to the 
routine sampling of these sites. This will give a longer dataset for the indicator chemicals 
and the dioxin levels will be provided for a recognised sampling point.

7. Annex 2 requests site information for those sites which you consider to be, potentially, 
contaminated with PCDDs or PCDFs. It covers the major headings which will enable us 
to select high priority sites across the UK, reflecting a variety of the industries listed in 
Annex 1 and from a variety of water body types (steams; rivers; ponds; lakes). Please 
limit your site selections to no more than 10.

8. If you can identify sites, it may be that the information available to you is superficial. If 
this is the case, AEA can contact the District Office for the more detailed information re 
the site access etc. Please give a further contact name and telephone number if this is the 
case.

9. If you have had any dioxin analysis undertaken for in your Region, please give some 
basic information as to when, where and how much PCDDs/PCDFs were found.
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ANNEX 1 POTENTIAL PCDD AND PCDF SOURCES FOR SURFACE 
FRESHWATER SYSTEMS

INDUSTRIAL DISCHARGE

Chemical Manufacture Chlorinated Phenolics
PCBs
Chlorinated phenoxy acetic acids 
Chlorinated pesticides 
Chlorinated herbicides 
Agrochemicals 
Disinfectants 
Bleaches etc.

Paper Manufacture Production of paper
Products from chlorine 
Bleached wood pulp

Metallurgical Metal smelters
e.g. Iron and steel works 

Non-ferrous scrap

Sewage Works

INDUSTRIAL DEPOSITION

Combustion Municipal Incinerators
Plant Clinical Waste Incinerators

Chemical Waste Incinerators 
Industrial Waste Incinerators 
Sewage Sludge Incinerators 
Power Stations 
Metal Smelters

NON-INDUSTRIAL SOURCES

Motor Vehicles 
Domestic Fires 
Bonfires 
Cigarettes 
Stubble Burning 
Forest Fires (?) 
Accidental Fires
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Our ref 
Your ref

GE/KD

Dote 31 December 1991 NRA
r Mr. P.F. Ambridge 

Organic Analysis Section 
Analytical Sciences Centre 
AEA Environment and Energy 
B551 Harwell Laboratory 
PO Box 34 
Didcot
Oxfordshire 0X11 ORE

J

National Rivers Authority 
North West Region

Dear Mr. Ambridge

DISTRIBUTION OF PCDDs AND PCDFs IN SURFACE FRESHWATES SYSTEMS

I refer to your letter dated 20 December in which you request 
information about suitable freshwater sites within the North West region 
to monitor as part of a national survey for polychlorinated 
dibenxo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs).

There are a number of industrial discharges within the region which fall 
into the categories identified in Annex 1 of your letter but in most 
cases direct aqueous discharges from these industries are to estuarine 
and coastal waters.

The only freshwater sites which may be useful to your study are those 
which are downstream of major sewage treatment works which are known to 
receive trade effluent discharges from the industrial sectors to which 
you refer. I therefore suggest the following sites, which are above the 
tidal limits of the major urbanised river systems, and are regularly 
monitored for the full suite of EC List I Dangerous substances (eg. 
pentachlorophenol, organochlorine pesticides etc.).

1. River Mersey and Howley Weir (NGR SJ 616 880)

2. River Alt at Altmouth (NGR SD 292 051)

3. River Weaver at Acton Swing Bridge (NGR SJ 601 761)

We would be able to collect samples on your behalf, if you decide to 
include these sites in your survey.

Since monitoring for dioxins has not been undertaken within the region I 
am unable to provide you with data concerning background concentrations 
of PCDDs or PCDFs present in inland waters.

If you require further information or have any queries then please do 
not hesitate to contact me on 0924 5399 Ext. 2643.

Yours sincerely,

Glyn Edwards
Quality Audit & Legislation Manager nta,,

P.O. Box 12 Richard F a i r c l o u g h  House K n u r s f o r d R o o d  Woff ington W A4 1 HG Tel :  (0925) 5 3999_ Te l e x :  628425 F o x : (092 5)
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SITE DESCRIPTIONS

B.l Thames Region
The questionnaire response indicated that there was no known point source of PCDD/Fs in this 
Region, and so the following sites represent general urban inputs and a background site. 
Samples were taken in July 1992. Weather conditions had been dry prior to sampling although 
it rained whilst sampling at Caversham Weir. Conditions were dry following this.

R. Thames at Caversham Weir (Reading), Fig. B 1.1: Deposited sediment was located in a 
slow moving part of the river above the weir. Emergent macrophytes were present along the 
river edge, helping to trap sediment. Cores were taken using the Gilson corer with pole 
attachment.

R. Thames at Teddington, West London, Fig B 1.2: No sediment was located at the original 
weir site, and some difficulty was encountered locating any deposited sediment. A site was 
located on the west bank in a slow-moving inlet near a leisure/outdoor pursuits centre. The 
sediments were soft but fairly sandy. Ducks and Canadian geese were present at the site. 
Cores were taken using the Gilson corer with pole attachment.

R. Thames at Cricldade, Fig. B 1.3: This was selected as a background site. The Thames was 
narrow and wadeable with clear water. The river was fast flowing and sediments were 
sampled from small pockets where obstacles (e.g. vegetation) had slowed the flow and allowed 
sediment to accumulate. Cores were taken manually.

B.2 Anglian Region
Of the six possible sites identified by the questionnaire, three were selected for sampling; a 
point source, a diffuse source and a background site. Samples were taken in July 1992 and 
weather conditions were warm and calm. Rivers were at low flow.

R. Cam at Hauxton, Fig. B2.1: Schering Agrochemicals had been identified as a potential 
point source for this region. Samples were taken above and below the effluent pipe (and also 
above and below a road runoff pipe). The samples above the effluent pipe were taken from a 
slow-moving part of the river above a weir. The sediment collected was fine-grained and 
muddy. Cores were taken using the Gilson corer with pole attachment. Emergent and 
submergent macrophytes were present, and fish, some large, were observed. Anglers were 
fishing here. The river channel below the effluent pipe was narrow and wadeable with a largely 
gravely bed. Some pockets of accumulating sediment were located where the river had slowed 
on bends or by vegetation. The surface accumulating sediments were fine with sand lower 
down. Cores were taken manually. The banks were steep making access in and out of the 
river difficult. Small fish and swans were observed.

R. Granta at Hildersham, Fig B2.2: The site originally suggested was at Linton, chosen as 
pesticides are used in the catchment. No sediments were found at this location, but about 3 
km further downstream at Hildersham, sediments were located near a ford. The river was at 
low flow and wadeable, and fine-grained sediments had accumulated along the sides of the 
river, probably to a maximum depth of 6-7 cm. Cores were taken manually. An NRA 
representative was of the opinion that a sewage treatment works upstream contributed
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significantly to the water volume at low flow conditions. The water was clear with small fish 
present.

New River at Wicken Fen, Fig. B2.3: This location, at an NRA gauging station site, was 
taken to represent background conditions. This is a Grade 1 clean site, although surrounded 
by agricultural land with possible pesticide runoff. The water was slightly cloudy due to the 
chalk bedrock. The sediment was up to 50 cm deep and fine with some sand layers. Cores 
were taken manually. Many shrimp-like invertebrates were present.

B.3 North West Region
The questionnaire reply indicated that there were no known potential point sources in the 
region, but three locations were suggested to represent diffuse urban inputs. A forth site was 
chosen as a background site. Weather conditions over the sampling period (end July 1992) 
were dry and sunny although heavy rain had fallen prior to sampling.

R. Alt at Altmouth, Fig. B3.1: This site was on Ministry of Defence land near an NRA 
pumping station which controls flow. The river was wide and deep, and flow varied during 
sampling due to the pumping station. This change in flow may have disturbed the top layers o f 
sediment. Underneath a fine accumulating material was thick mud indicative of bank material. 
Cores were taken manually.

R. Mersey at Howley Weir, Warrington, Fig. B3.2; Some difficulty was encountered locating 
suitable points of access to the Mersey. However, a site of accumulating muddy sediment was 
located upstream of the weir at the back of a new housing and industrial estate. The sediment 
was accumulating near the bank where the flow was slowed by vegetation. Cores were taken 
manually.

R. Weaver at Acton swing bridge, Fig. B3.3: The river split into two under the bridge, one 
side being navigable. We sampled from the non-navigable side. Very soft mud.made sampling 
dangerous away from the bank. Cores were collected manually.

R. Dane at Hugbridge, Fig. B3.4: This site was upstream of a pumping station. The river 
was of variable depth and fast flowing so location of sediment was difficult. One area located 
where sediments were very soft with a large fraction being decaying plant material. Sampling 
disturbed elvers and small fish. Cows were grazing in fields either side and obvious drinking 
areas were avoided.

B.4 Yorkshire Region
The seven rivers sampled in central and south Yorkshire were either background sites or had 
potential point sources located nearby. The sites were sampled in August 1992 and the 
weather conditions were generally dry and breezy with some sunny spells with the exception of 
Fleet Weir where it rained. Heavy rain and thunder preceded sampling at Mag Brook.

Mag Brook (or R. Hall Dike) at Honley, Fig. B4.1: The potential point source identified here 
was a textiles industry whose effluent discharged into a sewage treatment works (STW). 
Above the point source a water sample only was taken as no accumulating sediment could be 
located, even at slower parts of the river (e.g. above weirs). Below the point source, soft
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accumulating sediment was found above a small weir at a site overhung with trees. The 
sediments had a high water content with some air bubbles. Cores were taken manually.

R. Calder at Mirfield Fig. B4.2: The potential point source here was a chemical industry and 
STW. The river bank was steep and overgrown and access above the point source was limited 
to fishing bays. Aquatic macrophytes such as duckweed were plentiful. Sediments were not 
easy to locate, but patches were found near the bank. Cores were taken using the Gilson corer 
with pole attachment. Water samples were taken further upstream due to disturbance of 
sediment whilst getting into the river, and the amount o f floating weed. Below the point 
source, sediments were located above a weir. Again there was little sediment, and what was 
located was sandy with a low water content. WoodlouseTtype invertebrates were observed on 
rocks and the sediment surface. Cores were taken using the Gilson corer with pole 
attachment.

R. Aire at Castleford and Beal Fig. B4.3: Samples were collected above and below a 
chemical works/STW and a power station. Above the point source at Castleford, sediments 
were taken above a weir. They were fairly sandy but contained slightly more fine material that 
the previous site. Water fleas (Daphnia?) and the woodlouse-type bottom dwellers were 
present. Cores were taken using the Gilson corer with pole attachment. Below the point 
source at Beal, samples were taken in a navigable stretch o f the river above a weir. Sediments 
were variable from fine sand to mud and clay. Blanket weed and other aquatic flora were 
present, also some fry. Care was taken to avoid an animal drinking area. Cores were taken 
using the Gilson corer with pole attachment.

R. Aire at Fleet Weir, Fig. B4.4: A STW was the potential point source investigated, and 
samples above the STW were taken from an island (site of Thwaites Mill) between the 
navigation channel and river, on the river side. Samples were collected using the Gilson corer 
with pole attachment. Sediments were difficult to locate even though the river was slow 
moving. Those collected had a high sand content. The woodlouse-type invertebrates were 
again present on the sediment surface. Below the point source, sediment was located above a 
weir and above the outlet from the navigation channel. Many aquatic macrophytes were 
present, and the sediment was very soft although still sandy. Cores were taken using the 
Gilson corer with pole attachment. Angling bays were evident.

R. Spenn at Dewsbury and Oakenshaw, Fig. B4.5: The point source investigated was a 
chemical works producing phenoxy-acetic acid, and associated STW. About two weeks 
before sampling, a fire had broken out at a second chemical works in the catchment. The 
chemical content of the water used to put out the fire would have damaged the STW, so the 
works were by-passed and the water went directly into the Spenn. Life in the river was 
severely damaged by this incident. No sediment was located upstream of the source, even at 
slower moving parts of the river. Below the source, sediment was black and smelly. A light, 
fluffy floe with a high water content extended down several centimetres. Cores were taken 
manually.

R. Don at Rotherham, Fig. B4.6: Sediments were taken above and below a steel works and 
STW. Above this source, sediment was located at a difficult access point down an overgrown 
bank. Anglers nearby had observed several species of fish in this stretch of river. Water
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samples were taken from an easier access point. Cores were taken using the Gilson corer with 
pole attachment. Downstream of the source, samples were taken near a railway bridge at a site 
previously sampled by the NRA. Debris from the STW was evident, along with rat prints and 
droppings. Sediments were mostly muddy with some sandy patches. Cores were taken 
manually.

R. Loxley near Sheffield, Fig. B4.7: This was a background site. The river was flowing 
quite quickly but some sediment was accumulating near the edges around trees and vegetation. 
The sediment was soft and fluffy with a high water content. Cores were collected manually.

B.5. Severn Trent Region
From the Severn Trent Region, five potential point sources, one diffUse source and two 
background sites were identified for sampling. Sampling in this region took place in July and 
August 1992 where conditions were generally dry and sunny. The River Tame was sampled in 
October 1992 when it rained heavily after a fair spell.

R. Amber at Ambergate, Fig. B5.1: Sources of interest here were a textiles industry, colliery 
and associated STW. The river receives a relatively large amount of effluent compared to the 
size of the catchment. Upstream, muddy sediment samples were taken using the Gilson corer 
with pole attachment, from a grassy, overgrown bank. A water rat was observed. 
Downstream, access to the river was easy. The water was shallow at the edges where 
sediment was accumulating, but the bed shelved steeply further out. Sediment was muddy and 
was sampled manually. ,

R. Derwent at Derby and Church Wilne, Fig. B5.2: Samples were taken above and below a 
textile industry which produces acetate and has dealt with speciality chemicals e.g. flame 
retardants, and a STW. Above this point source, the river was wide with fine grained sediment 
deposited near the banks. Cores were taken manually. Submerged macrophytes (e.g. Elodea) 
were present and the site was overhung by trees. Small fish were observed. Downstream, soft 
sediment was difficult to find, but an area was located above a small weir near an NRA 
gauging station. Cores were taken manually. Small fish were observed, and anglers were 
fishing further downstream.

R. Derwent at Belper, Fig. B5.3: The STW at Belper receives effluent from a lubricating oils 
manufacturer. Above this point source, samples were taken near a garden centre where the car 
park came close to the river. The sediment was fine grained with air trapped, which was 
released as air bubbles on sampling. This disturbed the sediment in the core tube so sampling 
was not ideal. Cores were taken manually. Large fish, ducks and geese were observed. 
Below the point source, fine silty mud was located at a site down a steep wooded path off the 
main road. Cores were taken manually. Some small fish were observed.

R. Erewash at Eastwood, Fig. B5.4: The potential point source here was a textiles 
industry/STW. The discharges have a toxic effect on the biota of the river, and there is an 
NRA biological monitoring point in the locality. Upstream, the river was quite narrow and 
accumulating sediment was found on a bend. Cores were taken manually. The river was 
accessed down a farm track. Downstream, a site was located near a small road bridge where 
the river runs close to the canal. Access to the river was difficult due to steep, overgrown
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banks. Sediment was difficult to find in this stretch o f the river with a largely Stoney bed, and 
when located, it was composed o f both clayey and fine mud.

R. Lathkill at Alport, Fig. B5.5: This was a background site, where an old mill and weir were 
slowing the flow of the river, which had widened at this point. Sediment from this pond-type 
feature had been cleared some years ago, but one comer of deep, muddy sediment still 
remained. Cores were taken using the Gilson corer with pole attachment. The water was very 
clear and large trout, water invertebrates and ducks were present.

R. Derwent at Froggatt, Fig. B5.6: This was selected as a background site on the Derwent. 
Muddy sediment was easy to find above a weir and bridge. Cores were taken using the Gilson 
corer with pole attachment.

Pressbrook at Ogston, Fig. B5.7: This site was suggested by Severn Trent as a possible 
diffuse source due to the local burial of rubble from an explosion at the Coalite plant. The site 
was upstream of the confluence with the R. Amber and of Severn Trent water works pipes. 
The water was clear and shallow and the stream easily accessed. Light brown, fluffy 
accumulating sediment was sampled manually.

R. Tame at Lea Marston, Fig. B5.8: This is the site of a series of water purification lakes, 
receiving discharges from STWs from the Birmingham and Black Country area. The river 
flowing into the lakes is 90% treated sewage discharge, and suspended particulates settle out 
into the lakes. The sediment is then dredged from the lakes and incinerated, so there is a large 
incinerator nearby. The Tame downstream of the lakes was sampled first, and as might be 
expected, sediment was not easy to locate. Patches were located at a slower part of the river 
but the sediment was a mixture of fine and sandy particles. Cores were collected manually. 
Above the lakes, the Tame was at medium flow and not easy to sample. Accumulating 
sediment was found near a bridge and sampled using the Gilson corer with pole attachment. 
Again sediments were a mixture of fine-grained and sand particles.

B.6. Welsh Region
Two types if land use were identified as possible diffuse sources. Samples were taken above 
and below an upland area of major forestry, and one sample was taken in a lowland area of 
intensive agriculture. Weather conditions during sampling in October 1992 were, cold and 
clear with overnight frosts.

R. Irfon at Abergwesyn and Llangammarch Wells, Fig. B6.1: The site at Abergwesyn was 
chosen as upstream of the afforested area and also as a background site. The river was clear 
and fast flowing with a rocky bed and no accumulating sediment. Water samples only were 
taken. At Llangammarch Wells, again no sediment was located after many access points were 
investigated. Again, water samples only were taken.

R. Lugg at Hereford, Fig. B6.2: This site was chosen after no sediment could be located at 
the original site suggested (R. Frome) which was fast flowing and Stoney. The sediment 
sampled was soft and largely fine grained with some sand particles. Aquatic invertebrates were 
observed in the sediment.
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Figure B1.1 River Thames at Caversham Weir

Figure B1.2 River Thames a t Teddington



Figure B1.3 River Thames at Cricklade



Figure B2.2 River Granta at Hildersham



Figure B2.3 New River at Wicken Farm



Figure B3.1 River Alt at Altmouth

Figure B3.2 River Mersey at Howley Weir



Figure B3.3 River Weaver at Acton Swing Bridge

Figure B3.4 River Dane at Hugbridge



Figure B4.1 Mag Brook at Honley

Figure B4.2 River Calder at Mirfield



Figure B4.3 River Aire at Castleford and Beal



Figure B4.4 River Aire at Fleet Weir



Figure B4.5 River Spenn at Dewsbury and Oakenshaw



Figure B4.6 River Don at Rotherham

Figure B4.7 River Loxley at Sheffield



C
anal
Figure B5.1 River amber at Ambergate



Figure B5.2 River Derwent at Derby and Church Wilne



Figure B5.4 River Erewash at Eastwood



Figure B5.6 River Derwent at Froggatt



Figure B5.7 Pressbrook at Ogston

Figure B5.8 River Tame at Lea Marston



Figure B6.1 River Irfon at Abergwesyn and Llangammarch Wells



Figure B6.2 River Lugg at Hereford
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SAMPLING PROTOCOL FOR THE COLLECTION OF RIVER WATER AND 
SEDIMENTS FOR PCDD/F ANALYSIS

1. Prepare thoroughly - wash and prepare collecting bottles as necessary, check all 
equipment.

2. If site has not been visited before, spend time locating a site with easy access and with 
accumulating sediment.

3. Label collecting bottles before samples are taken.

4. Take water samples as follows. Collect the samples in hexane-washed amber glass 
bottles. When sampling, the lids of the bottles should be removed and recapped submerged 
beneath the water and the bottles should be rinsed twice with river water before the final 
sample are collected. On return to the river bank, a hexane-rinsed aluminium foil lid insert 
should be put in place to prevent contamination by the lid of the bottle.

5. Collect sediment as follows. Where the river water is deep, or sampling has to be carried 
out from the river bank, sediments should be collected using a Gilson corer. Where the river is 
easily accessed, and it is possible to wade into the water, sediment cores can be removed using 
the Gilson corer with pole attachment. Where the river bank is sheer, the pole can be lowered 
into the water from the bank. Where the river is shallow and the core tubes can be manually 
inserted into the sediment, the corer will not be needed. Both these methods allow the 
recovery of samples with an intact sediment-water interface.

Once a sediment core had been extracted, the surface 3 cm of sediment is sliced off and placed 
into a 1 1 hexane-washed amber glass bottle. Additional cores (10-15) should collected, and 
this method repeated until the bottle has been filled. Cores that have been disturbed, for 
example by the corer hitting an obstruction (e.g. a rock) during use, or by large air bubbles 
disrupting the sediment-water interface, should be discarded.

6. Ensure equipment is clean, sample bottles are sealed, take field notes/photographs before 
moving to next site.
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Table D.l Particulate loading of water samples

NRA Region/River Site Location Particulate load 
(mg I '1)

Anglian
R. Cam Hauxton (above) 2.7

(below) 3.1
R. Granta Hildersham 7.9
New River Wicken 6.7

North West . . . .

R  Alt Altmouth 2.9
R. Mersey Howley Weir 7.0
R. Weaver Acton 17.7
R. Dane Hugbridge 2.0

Yorkshire (Central)
Mag Brook (or R. Hall Dike) Honley (above) 1.3

(below) 1.7
R. Calder Mirfield (above) 0.4

(below) 9.0
R. Aire Beale (above) 9.5

(below) 8.6
R. Aire Fleet Weir (above) 7.6

(below) 4.6
R  Spenn Dewsbuiy (above) 1.3

(below) 4.1
Yorkshire (South)

R  Don Rotherham (above) 3.5
(below) 6.1

R. Loxley near Sheffield 12.4
Severn Trent

R. Amber Ambergate (above) 8.9
(below) 3.6

R. Denvent Church Wilne (above) 6.3
(below) 6.9

R. Derwent Belper (above) 11.1
(below) 9.4

R. Erewash Eastwood (above) 7.1
(below) 2.3

R. Lathkill Alport 1.4
R. Derwent Froggatt 3.0
Pressbrook Ogston 5.8
R. Tame Lea Marston (above) 8.3

(below) 6.6
Welsh

R. Irfon Abergwesyn 0.5
R. Irfon Llangammarch Wells 31.3
R. Lugg Hereford 4.5



Table D.2. Results of total organic carbon (TOO, dissolved organic carbon (DOC).
particulate organic carbon (POC) and DOC:POC ratio

NRA Region/River Site Location TOCa 
(mg I '1)

DOCa 
(mg I '1)

POCb 
(mg I’1)

DOC:POC

Thames
R. Thames Cavers ham Weir 6.3 5.4 0.9 6.0
R. Thames Teddington 6.5 6.2 0.3 20.7
R. Thames Cricklade 4.9 4.6 0.3 15.3

Anglian
R. Cam Hauxton (above) 6.9 6.5 0.4 16.3

(below) 6.9 6.6 0.3 22.0
R. Granta 'Hildersham 5.2 5.0 0.2 25.0
New River Wicken 1.8 1.7 0.1 17.0

North West
R. Alt Altmouth 16.8 14.8 2.0 7.4
R. Mersey Howley Weir 12.4 11.5 0.9 12.8
R. Weaver Acton 9.8 8.0 1.8 4.4
R. Dane Hugbridge 6.0 5.9 0.1 59.0

Yorkshire (Central)
Mag Brook (or R. Hall Dike) Honley (above) 2.3 2.3 0

(below) 18.0 16.9 1.1 15.4
R. Calder Mirfield (above) 7.9 7.1 0.8 8.9

(below) 25.2 22.6 2.6 8.7
R. Aire Beale (above) 14.2 12.7 1.5 8.5

(below) 15.0 13.5 1.5 9.0
R. Aire Fleet Weir (above) 10.4 9.6 0.8 12.0

(below) 13.6 12.5 1.1 11.4
R. Spenn Dewsbuiy (above) 21.1 20.1 1.0 20.1

(below) 20.2 18.3 1.9 9.6
Yorkshire (South)

R. Don Rotherham (above) 7.5 6.7 0.8 8.4
(below) 9.6 8.4 1.2 7.0

R. Loxley near Sheffield 5.0 3.5 1.5 2.3
Severn Trent

R. Amber Ambergate (above) 6.9 5.9 1.0 5.9
(below) 7.1 5.8 1.3 4.5

R. Derwent Church Wilne(above) 3.2 2.8 0.4 7.0
(below) 6.4 5.9 0.5 11.8

R. Derwent Belper (above) 5.4 2.1 3.3 0.6
(below) 2.8 2.0 0.8 2.5

R. Erewash Eastwood (above) 12.9 11.7 1.2 9.8
(below) 12.4 *

R. Lathkill Alport 1.6 1.5 0.1 15.0
R. Derwent Froggatt 2.8 2.7 0.1 27.0
Pressbrook Ogston 8.1 7.5 0.6 12.5
R. Tame Lea Marston (above) 12.1 9.9 2.2 4.5

(below) 12.0 9.7 2.3 4.2
Welsh

R. Irfon Abergwesyn 1.5 1.5 0
R. Irfon Llangammarch Wells 1.8 1.8 0
R. Lugg Hereford 2.5 2.3 0.2 11.5

a measured, Calculated
* Sample broken in transit



Table D.3 Results of dry weight loss on ignition and particle size determinations

NRA Region/River Site Location Dry weight (%) LOI (%) Sediment 
<63 nm (%)

Thames
R. Thames Caversham Weir 14.0 17.5 52
R. Thames Teddington 44.7 5.8 17
R. Thames Cricklade 12.5 20.0 70

Anglian
R. Cam Hauxton (above) 2L2 , 17.0. 46

(below) 15.3 16.4 71
R. Grant a Hildersham 18.9 14.1 53
New River Wicken 30.8 23.1 29

North West
R. Alt Altmouth 49.5 8.9 44
R. Mersey Howley Weir 39.1 17.1 58
R. Weaver Acton 37.5 10.7 56
R. Dane Hugbridge 18.3 34.2 56

Yorkshire (Central)
Mag Brook (or R. Hall Dike) Honley (below) 6.9 35.1 55
R. Calder Mirfield (above) 29.8 15.8 36

(below) 68.0 3.2 4
R. Aire Beale (above) 42.1 10.8 12

(below) 21.3 22.3 66
R. Aire Fleet Weir (above) 55.4 10.9 14

(below) 47.2 10.4 26
R. Spenn Dewsbury (below) 5.9 42.0 69

Yorkshire (South)
R. Don Rotherham (above) 17.0 25.5 67

(below) 39.9 19.4 26
R. Loxley near Sheffield 8.4 24.0 76

Severn Trent
R. Amber Ambergate (above) 42.6 8.8 49

(below) 17.4 17.8 55
R. Derwent Church Wilne (above) 38.7 11.6 45

(below) 27.6 12.1 51
R. Derwent Belper (above) 21.2 18.2 71

(below) 27.4 13.6 47
R. Erewash Eastwood (above) 29.9 25.0 60

(below) 39.5 22.6 70
R. Lathkill Alport 32.7 11.4 50
R. Derwent Froggatt 37.8 11.9 30
Pressbrook Ogston 16.5 16.4 85
R  Tame Lea Marston (above) 31.2 16.8 44

(below) 49.4 9.0 19
Welsh

R. Lugg Hereford 33.8 7.5 70
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Table E.l The composition of internal quantitation standard for PCDD/F
analysis on water and sediment samples.

13C ,2-labelled 2378 congener standard for water samples3 
concentration (pg J4.1'1)

standard for sediment samples15 
concentration (pg [aI*1)

2378-TCDD 48 96
12378-PeCDD 52 104
123678-HxCDD 52 104
1234678-HpCDD 48 96
OCDD 36 72

2378-TCDF 52 104
12378-PeCDF 54 108
123478-HxCDF 58 116
1234678-HpCDF 46 92
OCDF 48 96

2x50 fil added to the sample prior to extraction 
50 îl added to the sample prior to extraction



Table E.2 Limit of detection for PCDD and PCDF analysis of water samples
(ngH , ppt)

Congener Concentration xTEF

2,3,7,8 TCDD <0.01 <0.01
Total TCDD <0.1

1,2,3,7,8 PeCDD <0.02 <0.01
Total PeCDD <0.2

1,2,3,4,7,8 HxCDD <0.05 <0.005
1,2,3,6,7,8 HxCDD <0.05 <0.005
1,2,3,7,8,9 HxCDD <0.05 ^ <0.005

Total HxCDD <0.5

1,2,3,4,6,7,8 HpCDD <0.4 <0.004
Total HpCDD <1.0

OCDD <1.0 <0.001

2,3,7,8 TCDF <0.01 <0.001
Total TCDF <0.1

1,2,3,7,8 PeCDF <0.02 <0.01
2,3,4,7,8 PeCDF <0.02 <0.001

Total PeCDF <0.2

1,2,3,4,7,8 HxCDF <0.03 <0.003
1,2,3,6,7,8 HxCDF <0.03 <0.003
1,2,3,7,8,9 HxCDF <0.03 <0.003
2,3,4,6,7,8 HxCDF <0.03 <0.003

Total HxCDF <0.3

1,2,3,4,6,7,8 HpCDF <0.05 <0.0005
1,2,3,4,7,8,9 HpCDF <0.05 <0.0005

Total HpCDF <0.5

OCDF <2.0 <0.002

PCDD/F <5.9

NATO I-TEQ <0.067



Table E.3 PCHD_and PCPF Concentrations in River Thames Sediment
at Caversham Weir and Teddington
(ng kg"1 dry weight, ppt)

R. Thames, Caversham Weir R. Thames, Teddington

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.3 0.3 0.5 0.5
Total TCDD 55 31

1,2,3,7,8 PeCDD 1.5 0.75 0.5 0.25
Total PeCDD 57 31

1,2,3,4,7,8 HxCDD 1.7 0.17 <0.5 0.05
1,2,3,6,7,8 HxCDD 5.6 0.56 <0.5 0.05
1,2,3,7,8,9 HxCDD 2.9 0.29 <0.5 0.05

Total HxCDD 81 43

1,2,3,4,6,7,8 HpCDD 220 2.2 160 1.6
Total HpCDD 390 330

OCDD 500 0.5 2100 2.1

2,3,7,8 TCDF 7.6 0.76 3.3 0.33
Total TCDF 120 63

1,2,3,7,8 PeCDF 2.4 0.12 0.8 0.04
2,3,4,7,8 PeCDF 3.5 1.75 0.9 0.45

Total PeCDF 100 74

1,2,3,4,7,8 HxCDF 49 4.9 62 6.2
1,2,3,6,7,8 HxCDF 2.6 0.26 <0.5 0.05
1,2,3,7,8,9 HxCDF <0.3 0.03 <0.5 0.05
23,4,6,7,8 HxCDF 2.8 0.28 1.5 0.15

Total HxCDF 130 130

1,2,3,4,6,7,8 HpCDF 30 0.3 30 0.3
1,2,3,4,7,8,9 HpCDF <0.7 0.007 <1.0 0.01

Total FIpCDF 54 73

OCDF <50 0.05 <100 0.1

SPCDD/F 1537 2975

NATO I-TEQ 13.227 12.28



Table E.4 PCPP and PCPF Concentrations in River Thames Sediment
at Cricklade
(ng kg’1 dry weight, ppt)

Cricklade

Congener Concentration xTEF

2,3,7,8 TCDD 0.3 0.3
Total TCDD 32

1,2,3,7,8 PeCDD <0.1 0.05
Total PeCDD 42

1,2,3,4,7,8 HxCDD <0.1 0.01
1,2,3,6,7,8 HxCDD 4.1 0.41
1,2,3,7,8,9 HxCDD <0.1 0.01

Total HxCDD 100

1,2,3,4,6,7,8 HpCDD 23 0.23
Total HpCDD 95

OCDD 79 0.079

2,3,7,8 TCDF 6.7 0.67
Total TCDF 130

1,2,3,7,8 PeCDF 0.4 0.02
2,3,4,7,8 PeCDF 0.7 0.35

Total PeCDF 180

1,2,3,4,7,8 HxCDF 34 3.4
1,2,3,6,7,8 HxCDF <0.4 0.04
1,2,3,7,8,9 HxCDF <0.2 0.02
2,3,4,6,7,8 HxCDF <0.3 0.03

Total HxCDF 120

1,2,3,4,6,7,8 HpCDF 16 0.16
1,2,3,4,7,8,9 HpCDF 0.5 0.005

Total HpCDF 32

OCDF <2.0 0.05

IPCDD/F 860

NATO I-TEQ 5.834



Table E.5 PCDD_and PCPF Concentrations in River Cam Sediments
at Hauxton, above and below ^ p o te n t ia l point source
(ng kg*1 dry weight, ppt)

R. Cam, Hauxton (above) R. Cam, Hauxton (below)

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.9 0.9 2.3 2.3
Total TCDD 240 920.

1,2,3f'7,8 PeCDD 2.8 1.4 <1.0 0.5
Total PeCDD 150 96.

1,2,3,4,7,8 HxCDD 3.7 0.37 3.6 0.36
1,2,3,6,7,8 HxCDD 12 1.2 <1.0 0.1
1,2,3,7,8,9 HxCDD 3*6 0.36 <1.0 0.1

Total HxCDD 140 59.0

1,2,3,4,6,7,8 HpCDD 350 3.5 120. 1.223
Total HpCDD 840 310.

OCDD 1400 1.4 <50. 0.05

2,3,7,8 TCDF 14 1.4 16. 1.59
Total TCDF 200 1600.

1,2,3,7,8 PeCDF 3.6 0.18 <1.0 0.05
2,3,4,7,8 PeCDF 3.8 1.9 <1.0 0.5

Total PeCDF 220 250.

1,2,3,4,7,8 HxCDF 120 12 <2.0 0.2
1,2,3,6,7,8 HxCDF 2.6 0.26 <2.0 0.2
1,2,3,7,8,9 HxCDF <0.5 0.05 <2.0 0.2
2,3,4,6,7,8 HxCDF 5.3 0.53 <2.0 0.2

Total HxCDF 280 180.

1,2,3,4,6,7,8 HpCDF 44 0.44 13.0 0.135
1,2,3,4,7,8,9 HpCDF <1.0 0.01 <2.0 0.02

Total HpCDF 76 26

OCDF <100 0.1 <50 0.05

2PCDD/F 3646 3541

NATO I-TEQ 26 7.778



Table E.6 PCPP and PCDF Concentrations in River Granta Sediments
at Hildersham and New River Sediments at Wicken
(ng kg’* dry weight, ppt)

R. Granta, Hildersham New River, Wicken

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.4 0.4 12 12
Total TCDD 34 270

1,2,3,7,8 PeCDD 0.6 0.3 53 26.5
Total PeCDD 38 700

1,2,3,4,7,8 HxCDD 0.5 0.05 41 4.1
1,2,3,6,7,8 HxCDD 2.6 0.26 71 7.1
1,2,3,'7,8,9 HxCDD <0.5 0.05 44 4.4

Total HxCDD 45 1600

1,2,3,4,6,7,8 HpCDD 98 0.98 840 8.4
Total HpCDD 190 3000

OCDD 330 0.33 630 0.63

2,3,7,8 TCDF 3.3 0.33 3.0 0.3
Total TCDF 63 49

1,2,3,7,8 PeCDF 1.0 0.05 1.7 0.085
2,3,4,7,8 PeCDF 1.5 0.75 0.4 0.2

Total PeCDF 74 70

1,2,3,4,7,8 HxCDF 38 3.8 87 8.7
1,2,3,6,7,8 HxCDF 0.8 0.08 2.5 0.25
1,2,3,7,8,9 HxCDF <0.5 0.05 <0.5 0.05
2,3,4,6,7,8 HxCDF 1.1 0.11 <0.5 0.05

Total HxCDF 86 190

1,2,3,4,6,7,8 HpCDF 22 0.22 18 0.18
1,2,3,4,7,8,9 HpCDF <1.0 0.01 <1.0 0.01

Total HpCDF 42 34

OCDF <50 0.05 <50 0.05

952 6593ZPCDD/F

NATO I-TEQ 7.82 73.005



Table E.7 PCPD and PCDF Concentrations in River Alt Sediments
at Altmouth and River Mersey Sediments at Howlev Weir
(ng kg'1 dry weight, ppt)

R. Alt, Altmouth R. Mersey, Howley Weir

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 2.7 2.7 1.2 1.2
Total TCDD 170 450

1,2,3,7,8 PeCDD 7.1 3.55 21 10.5
Total PeCDD 210 520

1,2,3,4,7,8 HxCDD 6.5 0.65 12 1.2
1,2,3,6,7,8 HxCDD 39 3.9 56 5.6
1,2,3,7,8,9 HxCDD 5.5 0.55 7.9 0.79

Total HxCDD 450 730

1,2,3,4,6,7,8 HpCDD 1700 17 960 9.6
Total HpCDD 3300 1800

OCDD 9300 9.3 3000 3

2,3,7,8 TCDF 25 2.5 66 6.6
Total TCDF 340 880

1,2,3,7,8 PeCDF 6.9 0.345 32 1.6
2,3,4,7,8 PeCDF 9.8 4.9 11 5.5

Total PeCDF 490 440

1,2,3,4,7,8 HxCDF 730 73 440 44
1,2,3,6,7,8 HxCDF 12 1.2 56 5.6
1,2,3,7,8,9 HxCDF 1.0 0.1 1.2 0.12
2,3,4,6,7,8 HxCDF 11 1.1 22 2.2

Total HxCDF 1200 910

1,2,3,4,6,7,8 HpCDF 190 1.9 380 3.8
1,2,3,4,7,8,9 HpCDF < 1 .0 0.01 10 0.1

Total HpCDF 410 480

OCDF <100 0.1 <100 0.1

SPCDD/F 15970 9310

NATO I-TEQ 122.805 101.51



Table E.8 PCDP and PCDF Concentrations in River Weaver Sediments
at Acton and River Dane Sediments at Hugbridge
(ng k g 1 dry weight, ppt)

R. Weaver, Acton R. Dane, Hugbridge

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.7 0.7 0.3 0.3
Total TCDD 68 36

1,2,3,7,8 PeCDD 1.1 0.55 0.9 0.45
Total PeCDD 46 41

1,2,3,4,7,8 HxCDD 2.1 0.21 1.2 0.12
1,2,3,6,7,8 HxCDD 4.6 0.46 2.3 0.23
1,2,3,7,8,9 HxCDD 1.1 0.11 <1.0 0.1

Total HxCDD 68 28

1,2,3,4,6,7,8 HpCDD 75 0.75 21 0.21
Total HpCDD 160 48

OCDD 260 0.26 58 0.058

2,3,7,8 TCDF 23 2.3 3.3 0.33
Total TCDF 68

1,2,3,7,8 PeCDF 13 0.65 2.0 0.1
2,3,4,7,8 PeCDF 13 6.5 2.2 1.1

Total PeCDF 220 60

1,2,3,4,7,8 HxCDF 43 4.3 2.5 0.25
1,2,3,6,7,8 HxCDF 7.2 0.72 6.8 0.68
1,2,3,7,8,9 HxCDF < 0.5 0.05 <0.5 0.05
2,3,4,6,7,8 HxCDF 3.6 0.36 0.6 0.06

Total HxCDF 130 40

1,2,3,4,6,7,8 HpCDF 42 0.42 11 0.11
1,2,3,4,7,8,9 HpCDF < 1 .0 0.01 < 1 .0 0.01

Total HpCDF 55 17

OCDF <50 0.05 <50 0.05

IPCDD/F 1527 446

NATO I-TEQ 18.4 4.208



Table E.9 PCPP and PCDF Concentrations in Mag Brook Sediments
at Honlev and River Spenn Sediments at Dewsbury, below 
potential point source 
(ng kg-1 dry weight, ppt)

Mag Brook, Honley, below R. Spenn, Dewsbury, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD <1.0 1 1.1 1.1
Total TCDD 1700 950

1,2,3,7,8 PeCDD <1.0 0.5 25 12.5
Total PeCDD 690 430

1,2,3,4,7,8 HxCDD 9.5 0.95 5.4 0.54
1,2,3,6,7,8 HxCDD 40 4 14 1.4
1,2,3,7,8,9 HxCDD 12 1.2 4.8 0.48

Total HxCDD 390 450

1,2,3,4,6,7,8 HpCDD 1000 10 940 9.4
Total HpCDD 2100 2000

OCDD 4900 4.9 . 2600 2.6

2,3,7,8 TCDF 56 5.6 44 4.4
Total TCDF 830 1400

1,2,3,7,8 PeCDF <2.0 0.1 11 0.55
2,3,4,7,8 PeCDF 31 15.5 20 10

Total PeCDF 430 570

1,2,3,4,7,8 HxCDF 19 1.9 23 2.3
1,2,3,6,7,8 HxCDF 18 1.8 14 1.4
1,2,3,7,8,9 HxCDF <1.0 0.1 <0.5 0.05
2,3,4,6,7,8 HxCDF <1.0 0.1 <0.5 0.05

Total HxCDF 570 630

1,2,3,4,6,7,8 HpCDF 320 3.2 170 1.7
1,2,3,4,7,8,9 HpCDF <0.5 0.005 <0.5 0.005

Total HpCDF 550 400

OCDF <250 0.25 260 0.26

SPCDD/F 12410 9690

NATO I-TEQ 51.105 48.735



Table E.10 PCPP and PCDF Concentrations in River Calder Sediments
at Mirfield, above and below a potential point source
(ng kg"1 dry weight, ppt)

R. Calder, Mirfield, above R. Calder, Mirfield, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 1.5 1.5 <0.5 0.5
Total TCDD 200 65

1,2,3,7,8 PeCDD 21 10.5 <0.5 0.25
Total PeCDD 220 49

1,2,3,4,7,8 HxCDD 8.3 0.83 <0.5 0.05
1,2,3,6,7,8 HxCDD 20 2 5.7 0.57
1,2,3,7,8,9 HxCDD 3.8 0.38 <0.5 0.05

Total HxCDD 220 210

1,2,3,4,6,7,8 HpCDD 610 6.1 130 1.3
Total HpCDD 1300 300

OCDD 1400 1.4 350 0.35

2,3,7,8 TCDF 100 10 4.8 0.48
Total TCDF 320 110

1,2,3,7,8 PeCDF 8.0 0.4 1.2 0.06
2,3,4,7,8 PeCDF 11 5.5 3.0 1.5

Total PeCDF 350 82

1,2,3,4,7,8 HxCDF 19 1.9 3.9 0.39
1,2,3,6,7,8 HxCDF 23 2.3 2.9 0.29
1,2,3,7,8,9 HxCDF <0.5 0.05 <0.5 0.05
2,3,4,6,7,8 HxCDF 1.4 0.14 <0.5 0.05

Total HxCDF 360 110

1,2,3,4,6,7,8 HpCDF 110 1.1 45 0.45
1,2,3,4,7,8,9 HpCDF <0.5 0.005 <0.5 0.005

Total HpCDF 160 73

OCDF <100 0.1 <100 0.1

SPCDD/F 4450 1449

NATO I-TEQ 44.205 6.445



Table E .l l  PCDD and PCDF Concentrations in River Aire Sediments
at Beal, above and below a potential point source
(ng kg'1 dry weight, ppt)

R. Aire, Beal, above R. Aire, Beal, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 2.3 2.3 6.0 6
Total TCDD 150 430

-

1,2,3,7,8 PeCDD <0.5 0.25 2.8 1.4
Total PeCDD 110 290

1,2,3,4,7,8 HxCDD 5.6 0.56 7.1 0.71
1,2,3,6,7,8 HxCDD 17 1.7 18 1.8
1,2,3,7,8,9 HxCDD 4.7 0.47 4.4 0.44

Total HxCDD 280 490

1,2,3,4,6,7,8 HpCDD 550 5.5 690 6.9
Total HpCDD 1300 1500

OCDD 2100 2.1 2500 2.5

2,3,7,8 TCDF 21 2.1 21 2.1
Total TCDF 330 550

1,2,3,7,8 PeCDF 7.7 0.385 11 0.55
2,3,4,7,8 PeCDF 7.7 3.85 15 7.5

Total PeCDF 310 570

1,2,3,4,7,8 HxCDF 15 1.5 21 2.1
1,2,3,6,7,8 HxCDF 11 1.1 11 1.1
1,2,3,7,8,9 HxCDF <0.5 0.05 1.4 0.14
2,3,4,6,7,8 HxCDF <0.5 0.05 1.4 0.14

Total HxCDF 290 480

1,2,3,4,6,7,8 HpCDF 130 1.3 170 1.7
1,2,3,4,7,8,9 HpCDF <0.5 0.005 <0.5 0.005

Total HpCDF 190 310

OCDF <100 0.1 270 0.27

SPCDD/F 5160 7390
-

NATO I-TEQ 23.32 35.355



Table E.12 PCDD and PCDF Concentrations in River Aire Sediments
at Fleet Weir above and below a potential point sourse
(ng k g 1 dry weight, ppt)

R. Aire, Fleet Weir, above R. Aire, Fleet Weir, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.9 0.9 0.6 0.6
Total TCDD 53 110

1,2,3,7,8 PeCDD 3.9 1.95 <1.0 0.5
Total PeCDD 120 110

1,2,3,4,7,8 HxCDD <1.0 0.1 3.3 0.33
1,2,3,6,7,8 HxCDD 16 1.6 17 1.7
1,2,3,7,8,9 HxCDD 1.9 0.19 2.7 0.27

Total HxCDD 180 170

1,2,3,4,6,7,8 HpCDD 590 5.9 540 5.4
Total HpCDD 1200 1100

OCDD 3900 3.9 1800 1.8

2,3,7,8 TCDF 28 2.8 8.8 0.88
Total TCDF 440 290

1,2,3,7,8 PeCDF 5.1 0.255 1.2 0.06
2,3,4,7,8 PeCDF 7.9 3.95 <0.2 0.1

Total PeCDF 300 300

1,2,3,4,7,8 HxCDF 11 1.1 4.2 0.42
1,2,3,6,7,8 HxCDF 5.3 0.53 4.5 0.45
1,2,3,7,8,9 HxCDF <0.2 0.02 <0.2 0.02
2,3,4,6,7,8 HxCDF <0.2 0.02 <0.2 0.02

Total HxCDF 290 240

1,2,3,4,6,7,8 HpCDF 88 0.88 69 0.69
1,2,3,4,7,8,9 HpCDF <0.5 0.005 <0.5 0.005

Total HpCDF 180 130

OCDF <100 0.1 <250 0.25

IPCDD/F 6763 4500

NATO I-TEQ 24.2 13.495



Table E.13 PCPD and PCDF Concentrations in River Don Sediments
at Rotherham, above and below a potential point source
(ng kg-1 dry weight, ppt)

R. Don, Rotherham, above R. Don, Rotherham, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 2.9 2.9 <0.5 0.5
Total TCDD 670 260

1,2,3,7,8 PeCDD 7.1 3.55 <0.5 0.25
Total PeCDD 320 130

1,2,3,47,8 HxCDD 5.2 0.52 5.5 0.55
1,2,3,6,7,8 HxCDD 26 2.6 5.4 0.54
1,2,3,7,8,9 HxCDD 12 1.2 <0.5 0.05

Total HxCDD 390 170

1,2,3,4,6,7,8 HpCDD 740 7.4 340 3.4
Total HpCDD 1600 720

OCDD 1400 1.4 1400 1.4

2,3,7,8 TCDF 33 3.3 18 1.8
Total TCDF 960 390

1,2,3,7,8 PeCDF 18 0.9 14 0.7
2,3,4,7,8 PeCDF 35 17.5 21 10.5

Total PeCDF 580 280

1,2,3,4,7,8 HxCDF 38 3.8 25 2.5
1,2,3,6,7,8 HxCDF 31 3.1 19 1.9
1,2,3,7,8,9 HxCDF <0.5 0.05 <0.5 0.05
2,3,4,6,7,8 HxCDF <0.5 0.05 <0.5 0.05

Total HxCDF 570 290

1,2,3,4,6,7,8 HpCDF 240 2.4 120 1.2
1,2,3,4,7,8,9 HpCDF <0.5 0.005 <0.5 0.005

Total HpCDF 310 180

OCDF <250 0.25 <250 0.25

SPCDD/F 7050 4070

NATO T-TEQ 50.925 25.645



Table E.14 PCPP and PCDF Concentrations in River Loxlev Sediments 
near Sheffield 
(ng kg"1 dryweight, ppt)

R. Loxley, near Sheffield

Congener Concentration xTEF

2,3,7,8 TCDD <1.0 1
Total TCDD 81

1,2,3,7,8 PeCDD <1.0 0.5
Total PeCDD 100

1,2,3,4,7,8 HxCDD <1.0 0.1
1,2,3,6,7,8 HxCDD 10 I
1,2,3,7,8,9 HxCDD <1.0 0.1

Total HxCDD 99

1,2,3,4,6,7,8 HpCDD 230 2.3
Total HpCDD 540

OCDD 820 0.82

2,3,7,8 TCDF 6.5 0.65
Total TCDF 210

1,2,3,7,8 PeCDF 8.6 0.43
2,3,4,7,8 PeCDF 11 5.5

Total PeCDF 210

1,2,3,4,7,8 HxCDF 9.1 0.91
1,2,3,6,7,8 HxCDF 9.0 0.9
1,2,3,7,8,9 HxCDF <1.0 0.1
2,3,4,6,7,8 HxCDF <1.0 0.1

Total HxCDF 270

1,2,3,4,6,7,8 HpCDF 43 0.43
1,2,3,4,7,8,9 HpCDF <0.5 0.005

Total HpCDF 100

OCDF <100 0.1

SPCDD/F 2530

NATO I-TEQ 14.945



Table E.15 PCDP and PCDF Concentrations in River Amber Sediments
at Ambergate. above and below a potential point source
(ng kg'1 dry weight, ppt)

R. Amber, Ambergate, above R. Amber, Ambergate, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.7 0.7 4.2 4.2
Total TCDD 100 600

1,2,3,7,8 PeCDD 1.5 0.75 13 6.5
Total PeCDD 59 290

1,2,3,4,7,8 HxCDD 2.1 0.21 63 6.3
1,2,3,6,7,8 HxCDD 4.6 0.46 40 4
1,2,3,7,8,9 HxCDD 1.4 0.14 73 7.3

Total HxCDD 69 1300

1,2,3,4,6,7,8 HpCDD 88 0.88 1300 13
Total HpCDD 190 3900

OCDD 230 0.23 2600 2.6

2,3,7,8 TCDF 5.3 0.53 11 1.1
Total TCDF 170 390

1,2,3,7,8 PeCDF 1.1 0.055 6.7 0.335
2,3,4,7,8 PeCDF 3.1 1.55 13 6.5

Total PeCDF 160 460

1,2,3,4,7,8 HxCDF 29 2.9 280 28
1,2,3,6,7,8 HxCDF 2.4 0.24 <0.5 0.05
1,2,3,7,8,9 FIxCDF <0.5 0.05 <0.5 0.05
2,3,4,6,7,8 HxCDF <0.5 0.05 < 0.5 0.05

Total HxCDF 95 550

1,2,3,4,6,7,8 HpCDF 15 0.15 90 0.9
1,2,3,4,7,8,9 HpCDF <1.0 0.01 < 1 .0 0.01

Total HpCDF 24 200

OCDF <50 0.05 <100 0.1

IPCDD/F 1147 10390

NATO I-TEQ 8.955 80.995



Table E.16 PCDD and PCDF Concentrations in River Derwent Sediments at
Church Wilne. above and below a potential point source
(ng kg'1 dry weight, ppt)

R. Derwent, Church Wilne, above R. Derwent, Church Wilne, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 2.7 2.7 1.2 1.2
Total TCDD 280 140

' 1,2,3,7,8 PeCDD 26 13 4.6 2.3
Total PeCDD 580 120

1,2,3,4,7,8 HxCDD 85 8.5 1.4 0.14
1,2,3,6,7,8 HxCDD 53 5.3 9.1 0.91
1,2,3,7,8,9 HxCDD 99 9.9 2.5 0.25

Total HxCDD 1900 160

1,2,3,4,6,7,8 HpCDD 1300 13 420 4.2
Total HpCDD 4200 840

OCDD 1700 1.7 1300 1.3

2,3,7,8 TCDF 9.9 0.99 7.0 0.7
Total TCDF 210 200

1,2,3,7,8 PeCDF 4.2 0.21 3.3 0.165
2,3,4,7,8 PeCDF 3.3 1.65 6.0 3

Total PeCDF 230 170

1,2,3,4,7,8 HxCDF 110 11 13 1.3
1,2,3,6,7,8 HxCDF 12 1.2 4.1 0.41
1,2,3,7,8,9 HxCDF <1.0 0.1 <0.2 0.02
2,3,4,6,7,8 HxCDF 0.7 0.07 <0.2 0.02

Total HxCDF 310 190

1,2,3,4,6,7,8 HpCDF 73 0.73 56 0.56
1,2,3,4,7,8,9 HpCDF <1.0 0.01 <0.5 0.005

Total HpCDF 170 88

OCDF <50 0.05 <50 0.05

SPCDD/F 9630 2088

NATO I-TEQ 70.11 16.53



Table E.17 PCDP and PCDF Concentrations in River Derwent Sediments
at Belpen above and below a potential point source
(ng kg”1 dry weight, ppt)

R. Derwent, Belper, above R. Derwent, Belper, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD 0.8 0.8 0.6 0.6
Total TCDD 140 70

1,2,3,7,8 PeCDD 2.5 1.25 3.5 1.75
Total PeCDD 120 57

1,2,3,4,7,8 HxCDD 2.6 0.26 1.8 0.18
1,2,3,6,7,8 HxCDD 12 1.2 7.5 0.75
1,2,3,7,8,9 HxCDD 1.3 0.13 1.5 0.15

Total HxCDD 130 87

1,2,3,4,6,7,8 HpCDD 470 4.7 260 2.6
Total HpCDD 980 530

OCDD 2200 2.2 1300 1.3

2,3,7,8 TCDF 7.7 0.77 6.0 0.6
Total TCDF 270 130

1,2,3,7,8 PeCDF 4.6 0.23 3.0 0.15
2,3,4,7,8 PeCDF 9.8 4.9 4.1 2.05

Total PeCDF 220 120

1,2,3,4,7,8 HxCDF 17 1.7 27 2.7
1,2,3,6,7,8 HxCDF 7.8 0.78 3.9 0.39
1,2,3,7,8,9 HxCDF <0.2 0.02 <0.2 0.02
2,3,4,6,7,8 HxCDF <0.2 0.02 < 0.2 0.02

Total HxCDF 250 140

1,2,3,4,6,7,8 HpCDF 75 0.75 42 0.42
1,2,3,4,7,8,9 HpCDF <0.5 0.005 < 0 .5 0.005

Total HpCDF 110 72

OCDF <50 0.05 < 50 0.05

ZPCDD/F 4470 2556.

NATO I-TEQ 19.765 13.735



Table E.18 PCPD and PCDF Concentrations in River Erewash Sediments
at Eastwood, above and below a potential point source
(ng kg-1 dry weight, ppt)

R. Erewash, Eastwood, above R. Erewash, Eastwood, below

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD <0.2 0.2 <0.5 0.5
Total TCDD 190 110

1,2,3,7,8 PeCDD <0.5 0.25 1.5 0.75
Total PeCDD 57 62

1,2,3,4,7,8 HxCDD <0.5 0.05 1.0 0.1
1,2,3,6,7,8 HxCDD 4.2 0.42 6.0 0.6
1,2,3,7,8,9 HxCDD 0.7 0.07 1.0 0.1

Total HxCDD 90 77

1,2,3,4,6,7,8 HpCDD 180 1.8 220 2.2
Total HpCDD 440 480

OCDD 750 0.75 1200 1.2

2,3,7,8 TCDF 11 1.1 5.8 0.58
Total TCDF 210 130

1,2,3,7,8 PeCDF 4.8 0.24 2.2 0.11
2,3,4,7,8 PeCDF 4.4 2.2 4.0 2

Total PeCDF 180 110

1,2,3,4,7,8 HxCDF 3.6 0.36 25 2.5
1,2,3,6,7,8 HxCDF 4.3 0.43 2.5 0.25
1,2,3,7,8,9 HxCDF <0.2 0.02 < 0 .2 0.02
2,3,4,6,7,8 HxCDF <0.2 0.02 < 0 .2 0.02

Total HxCDF 98 140

1,2,3,4,6,7,8 HpCDF 37 0.37 100 1
1,2,3,4,7,8,9 HpCDF <0.5 0.005 < 0.5 0.005

Total HpCDF 65 140

OCDF <100 0.1 < 50 0.05

EPCDD/F 2180 2499
-

NATO I-TEQ 8.385 11.985



Table E.19 PCDD and PCPF Concentrations in River Lathkill Sediments
at Alport., and River Derwent Sediments at Froggatt 
(ng kg'1 dry weight, ppt)

R. Lathkill, Alport R. Derwent, Froggatt

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD <0.2 0.2 <0.5 0.5
Total TCDD 18 28

1,2,3,7,8 PeCDD <0.2 0.1 0.7 0.35
Total PeCDD 18 27

1,2,3,4,7,8 HxCDD <1.0 0.1 <0.5 0.05
1,2,3,6,7,8 HxCDD <1.0 0.1 2.9 0.29
1,2,3,7,8,9 HxCDD <1.0 0.1 1.1 0.11

Total HxCDD 16 36

1,2,3,4,6,7,8 HpCDD 31 0.31 53 0.53
Total HpCDD 58 120

OCDD 79 0.079 220 0.22

2,3,7,8 TCDF 1.4 0.14 4.4 0.44
Total TCDF 40 62

1,2,3,7,8 PeCDF 1.5 0.075 2.6 0.13
2,3,4,7,8 PeCDF 2.0 1 3.7 1.85

Total PeCDF 29 33

1,2,3,4,7,8 HxCDF 1.7 0.17 6.1 0.61
1,2,3,6,7,8 HxCDF 1.4 0.14 2.8 0.28
1,2,3,7,8,9 HxCDF <0.5 0.05 < 0 .2 0.02
2,3,4,6,7,8 HxCDF <0.5 0.05 < 0 .2 0.02

Total HxCDF 19 36

1,2,3,4,6,7,8 HpCDF 8.4 0.084 15 0.15
1,2,3,4,7,8,9 HpCDF <0.5 0.005 < 0 .5 0.005

Total HpCDF 8.4 19

OCDF <50 0.05 < 5 0 0.05

ZPCDD/F 335 631

NATO I-TEQ 2.753 5.605



Table E.20 PCDD and PCDF Concentrations in Pressbrook
Sediments at Ogston (ng kg"1 dry weight, ppt)

Pressbrook, Ogston

Congener Concentration xTEF

2,3,7,8 TCDD 0.5 0.5
Total TCDD 140

1,2,3,7,8 PeCDD 1.4 0.7
Total PeCDD 74

1,2,3,4,7,8 HxCDD 1.6 0.16
1,2,3,6,7,8 HxCDD 5.8 0.58
1,2,3,7,8,9 HxCDD 2.2 0.22

Total HxCDD 68

1,2,3,4,6,7,8 HpCDD 100 1
Total HpCDD 250

OCDD 450 0.45

2,3,7,8 TCDF 6.4 0.64
Total TCDF 320

1,2,3,7,8 PeCDF 3.5 0.175
2,3,4,7,8 PeCDF 5.6 2.8

Total PeCDF 210

1,2,3,4,7,8 HxCDF 11 1.1
1,2,3,6,7,8 HxCDF 3.8 0.38
1,2,3,7,8,9 HxCDF <0.2 0.02
2,3,4,6,7,8 HxCDF <0.2 0.02

Total HxCDF 84

1,2,3,4,6,7,8 HpCDF 26 0.26
1,2,3,4,7,8,9 HpCDF <0.5 0.005

Total HpCDF 32

OCDF <50 0.05

IPCDD/F 1678

NATO I-TEQ 9.06



Table E.21 PCPD and PCDF Concentrations in River Tame Sediments 
at Lea Marston above and below a water purification lake 
(ng kg-1 dry weight, ppt)

T. Tame, Lea Marston, below R. Tame, Lea Marston, above

Congener Concentration xTEF Concentration xTEF

2,3,7,8 TCDD <1.0 1 10 10
Total TCDD 300 1600

1,2,3,7,8 PeCDD 3.1 1.55 2.9 1.45
Total PeCDD 220 190

1,2,3,4,7,8 HxCDD <1.0 0.1 2.9 0.29
1,2,3,6,7,8 HxCDD 8.6 0.86 13 1.3
1,2,3,7,8,9 HxCDD <1.0 0.1 <1.0 0.1

Total HxCDD 130 170

1,2,3,4,6,7,8 HpCDD 200 2 250 2.5
Total HpCDD 480 540

OCDD 470 0.47 1100 1.1

2,3,7,8 TCDF 8.5 0.85 10 1
Total TCDF 330 1400

1,2,3,7,8 PeCDF 6.6 0.33 12 0.6
2,3,4,7,8 PeCDF 12 6 17 8.5

Total PeCDF 230 850

1,2,3,4,7,8 HxCDF 12 1.2 16 1.6
1,2,3,6,7,8 HxCDF 10 1 14 1.4
1,2,3,7,8,9 HxCDF <0.5 0.05 < 0.5 0.05
2,3,4,6,7,8 HxCDF <0.5 0.05 < 0.5 0.05

Total HxCDF 190 370

1,2,3,4,6,7,8 HpCDF 110 1.1 190 1.9
1,2,3,4,7,8,9 HpCDF <0.5 0.005 < 0 .5 0.005

Total HpCDF 130 220

OCDF <100 0.1 <250 0.25

IPCDD/F 2580 6690

NATO I-TEQ 16.765 32.095



I

Table E.22 PCDD and PCDF Concentrations in River Lugg Sediments 
at Hereford (ng kg-1 dry weight, ppt)

R. Lugg, Hereford

Congener Concentration xTEF

2,3,7,8 TCDD 0.3 0.3
Total TCDD 7.4

1,2,3,7,8 PeCDD <0.2 0.1
Total PeCDD 6.5

1,2,3,4,7,8 HxCDD <0.2 0.02
1,2,3,6,7,8 HxCDD 0.6 0.06
1,2,3,7,8,9 HxCDD <0.2 0.02

Total HxCDD 8.9

1,2,3,4,6,7,8 HpCDD 16 0.16
Total HpCDD 33

OCDD 80 0.08

2,3,7,8 TCDF 1.7 0.17
Total TCDF 37

1,2,3,7,8 PeCDF 0.4 0.02
2,3,4,7,8 PeCDF 0.9 0.45

Total PeCDF 34

1,2,3,4,7,8 HxCDF 4.0 0.4
1,2,3,6,7,8 HxCDF 0.6 0.06
1,2,3,7,8,9 HxCDF <0.2 0.02
2,3,4,6,7,8 HxCDF <0.2 0.02

Total HxCDF 15

1,2,3,4,6,7,8 HpCDF 5.0 0.05
1,2,3,4,7,8,9 HpCDF <0.5 0.005

Total HpCDF 8.5

OCDF <50 0.05

ZPCDD/F 281

NATO I-TEQ 1.985


