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Executive summary

This report is based on extensive records collected
by the Tweed River Purification Board and details
results from a regional analysis of water quality in
the Tweed river catchment. The work is pant of the
fvers component of the NERC Land Ocean Interac-
tion Study which seeks 1o understand and quantify
the movement of chemicals from the rivers to the
sea. The report emphasises the research value of
routine water quality data as collecied by the River
Purification Boards and the National Rivers Author-
ity. These data are a national resource, far more
extensive than specific research programmes can
provide. However, making good use of such vast
information resources is not easy. There are very
few publications describing broad water guality
characteristics at the regional scale: this repont
attempts to redress this imbalance. Simple analytical
and graphical tools have been developed o aid
regional description and here they are used to
provide a regional overview for the Tweed river
basin.

The Tweed is a rural fver system in the eastern
Scottish Borders south of Edinburgh. The area is
agricultural, ranging from upland arcas of moorland
and rough pasture used for hill sheep farming, to
arable regions in the lowlands where cereal crops
are grown. The population is about 100,000 and
industry is limited to a few small towns such as
Hawick, Galashiels, Selkirk and Jedbuggh. The
Tweed and its tributaries are clean and unpolluted
with only minor stretches below Class 1 status.
Eutrophication can occur in some small lowland
watercourses, and diatom growth on the lower
Tweed can be significant. Accidental pollution,
often related to agricultural or industrial practices,
occasionally causes fish kills, The Tweed river is a
highly managed system and legislative and eco-
nomic policies play an impornant role in determin-
ing the water quality.

Extensive water quality records have been col-
lected by the Tweed River Purification Board
(Tweed RPB). Samples from rivers and discharges
from sewage works, landfill sites and industry have
been analysed for a wide range of determinands.
The report is based on data from 1985 1o 1994.
Panticular emphasis is placed on providing a
regional perspective using a graphical approach.
The river water quality has been interpreted in
relation o catchment geography and to the ob-
served point source inputs to the catchment.

For many determinands, hoth diffuse and point

sources contribute to the overall riverine load, but
1o varying degrees. The importance of diffuse and
point sources can be established by analysing the

data. Point inputs are impornant sources of many
determinands (e.g. phosphate, most metals and
many micro-organics) and, in some cases, make a
significant contribution to the overall riverine load
(e.g. copper and lead). Diffuse agricultural sources
are particularly important in lowland arable areas
(e.g. for nitrate, phosphate and micro-organics). In
addition, widespread geological sources contribute
to loads of metals such as iron and zinc. Regional
regression analysis suggests that spatial variations
can be formally linked to land use and other
factors,

Sewage effluent is the most significant source of
many pollutant chemicals in the Tweed river basin.
The quality of sewage effluent is regulated by
consent conditions. Around 87% of sewage treat-
ment works currently meet consent conditions and
this figure is rising. Biochemical oxygen demand,
nitrate, towal ammonia, chloride and phosphate are
high in sewage cffluent relative to background
river concentrations. This is due to the bicdegrad-
able load from faecal matter in domestic effluent
plus trade efflent from industries such as food
processing and textiles. Wastes from the electronics
industry cause heavy metal pollution at some sites
especially Selkirk and Galashiels. Changes in metal
discharges have occurred over time as a result of
changes in legislation, improved facilities (either at
the sewage treatment works or as parnt of industrial
processing) and a changing industrial base. An
example is Selkirk where copper and chromium
have declined whilst iron and lead have increased.
In sewage effluent, organic chemicals, e.g. a moth-
proofing agent and some pesticide residues, have a
mainly industrial source. Micro-organics in sewage
effluent are site specific and, as with metals, there
have been changes over time for some species.

Direct industriat discharges are very limited as a
result of the Tweed RPB's active policy of encour-
aging, where possible, the connection of industrial
wasltes to the local authority sewers. Landfill sites
have relatively little impact on water quality. Fish
farms cause depletion of dissolved oxygen levels
and increases in suspended solids and total ammo-
nia but these have little impact on water quality.

The results from the Tweed provide important
backgmund information against which better
interpretation of more industrially based river
systems can be made. This is impontant for issues
such as the reduction of chemical loads to the
North Sea. The analysis of data sets such as these
provides important insights into the dominant
factors affecting water quality and the relative
importance of point and diffuse inputs.



Foreword

Since its formation in 1953 the Tweed River Purifi-
cation Board has achieved very significant improve-
ments in the quality of the Tweed and its tributar-
ies, whilst always maintaining the focus on the
changing demographical, agricultural, industrial
and legislative pressures. At the present time 99.7%
of the rivers within the Board’s area are now of the
highest quality (Class 1) with only minor stretches
of fairly good qualiry (Class 2); there are no rivers
of Class 3 or 4 quality. The Board's tong standing
culture has been pollution prevention and a key
element of its Mission Statement refers specifically
to prevention. The Board’s strategy has been
largely based on the guantification of pollution
sources so that any improvements required have
been on the hasis of sound water quality and
hydrological data derived from and supponed by
its comprehensive sampling, monitoring and
measurement programme.

This report brings together the wealth of chemical,
hydrological and water management information
collected by the Board. It presents the detailed
scientific examination of that data within the
context of 4 major UK community wide research
indtiative, LOIS (Land QOcean Interaction Study). In
this respect, the process of examining such a major

record and relating this 1o the accumulated knowl-
edge of the Board's technical officers has been a
major achievement and of credit to all concerned.
Such is the advance in computing power, database
development and software packages that the data
analysis within the report would not have been
possible even five years ago. As a consequence of
all this, the study provides the most comprehensive
analysis of water quality of the Tweed ever under-
taken. It endorses the monitoring strategy of the
Boand and strengthens the case for programmes
such as LO1S. One of the purposes of looking at
the Tweed was to examine a catchment which was
in relatively pristine condition and the influence of
those issues which impinge upon it - 1 believe the
range of data presented, its background and its
significance, fully justifies that purpose. Most
imponantly the repont points the way to future
monitoring and research goals which hopefully will
strengthen the link between the newly forming
Environment Protection Agencies and the Nawral
Environment Research Council.

J C Cumic
Director and River Inspector
Tweed River Purification Board

Front cover: photograpb shows the Tweed above Galafoot (A | Robson).
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1 Introduction

This report describes the water quality of the
Tweed river and its tributaries. There are two main
objectives. The first is to present and interpret
regional variations in water quality for the Tweed.
For this a comprehensive analysis of contemporary
conditions is included. The second objective is o
describe the exploration and development of
methads that are effective for investigating
extensive water quality data scts.

The study is set against 4 background of general
recognition that regional water quality data
resources are largely under-used (e.g. Royal
Commission, 1992). Very few UK publications
address water quality at the regional level, yet such
information is required for planning and research,
The development of powerful modern computer
resources make such analyses realistic, but new
approaches must be developed to allow large
quantities of data to be rapidly and effectively
assimilated. The graphical techniques developed
and used here show some examples of how data
can be studied and presented. They have wide
applicability and would provide new and valuable
information if applied to other water guality
records.

The Tweed catchment is pan of the study area of
the Land Ocean Interaction Study (LOIS). Within
the LOIS programme the transport of chemicals by
rivers in the North East UK is being studied at a
regional level. The Tweed is an important
component of LOIS because it is one of the major

UK rivers entering the North Sea. The Tweed drains
a rural, sparsely populated region: a stark contrast
to the other main study area, the Humber system,
where high population and levels of industrial
activity give rise to much greater pollutant loads.
For the LOIS region, water quality changes over
time will be modelled in relation to the impacts of
land use, urban development and industrial
renewal/decay. For such modelling to be
undenaken, it is necessary to have a sound
appreciation of the current siruation. An essential
starting point is to bring together and assess
existing data on a regional scale. Such an analysis
enables modelling work to focus in on key
processes and main concerns. In addition, it
provides scope for adapting sampling programmes
1o collect data that address gaps in knowledge and
that assist the modelling programme as fully as
possible.

Extensive water quality data collected and analysed
by the Tweed River Purification Board (Tweed
RPD) form the base of this report. The document
provides a summary of relevant background
information ahout the catchment and the
determinands that have been measured. It
summarises regional patterns of water quality for a
comprehensive range of determinands, examines
the causes of the observed patterns, and assesses
the relative impontance of diffuse background
inputs and point discharges. It is intended that the
seport will provide an important reference
document for use in future hydrochemical studies.






2 Background description of tbe

Tweed catchment

2.1 Landscape, climate and
population

The River Tweed drains the eastern slopes of the
Scottish Southern Uplands. It rises on the slopes of
Broad Law and Han Fell and flows over 160 km to
reach the Tweed estuary at erwick upon Tweed
(Figure 2.1). The Tweed has a large catchment area
(approximately 4400 km? at Norham). Elevations
range from over 800 m in the hills down to sea-
level at the coast (Figure 2.2). There is a high
proportion of upland ground in the catchment: it is
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Figure 2.1 Map of the Tweed River Purification Board area.



Figure 2.2 The topography of the Tweed river basin.

The climate is cool and temperate. Average
MORECS monthly temperatures range from around
1°C in January to 13°C in August. Average rainfall
over the whole catchment is 969 mm yr' (1961 90;
Tweed RPB, 1992) but there is a substantial varia-
tion within the region (Table 2.1). The highest
average rainfalls are in the uplands and the lowest
are in the low-lying eastern catchments (Figure
2.3). Because of the extent and topographic varia-
tion of the Tweed catchment, substantial year to
year variations in annual rainfall occur across the
area. For example, in 1991 upper Tweeddale

received 120% of the 1941 — 1970 average, whilst
Eastern Berwickshire and the foothills of the
Cheviot received less than 80% of the average.
Mean annual flow for the Tweed is 73 cumecs at
Norham, which equates to an average annual
runoff of 555 mm yr' (Institute of Hydrology, 1993;
see Fox, 1989 for further hydrological details). As
with rainfall, annual runoff varies widely across the
catchment, highest and lowest values coinciding
with high and low rainfall inputs. This in turn
results in variable evapotranspiration losses (Table
2.1; Figure 2.4).

Table 2.1 Variations in long period average rainfall and runoff across the Tweed catchment. Data:

Institute of Hydrology, 1993,

Wettest gauged Driest gauged Average for whole
catchment catchment Tweed
(Ettrick Water) (Leet Water) {Norham)

Rainfall {(mm) 1891 652 : 969

Runoff (mm) 1537 236 555

Percentage loss (%) 19 64 44




Figure 2.3 Standard annual average rainfail (mm), 1941-1970, for the Tuweed catchment.

The geology of the area includes a large proportion
of Ordovician and Silurian greywackes, shales and
mudstones (Figure 2.5). These rocks form the hills
to the North and West as well as a low plateau in
the upper part of the Teviot basin. In the lowlands
there are Old Red Sandstones and, nearer the coast
and in northern England, Carboniferous sedimen-
tary rocks. The Cheviot hills to the south are of
volcanic origin, So0ils are well drained brown earths
in the lowlands with podzols on the higher land
(peaty podzols and humus-iron podzols). On the
hill tops there are peats and, on the southern
slopes, gleyed soils are common. Sail properties
have been characterised using a hydrologically
based classification system HOST (Hydrology of
Soil Types; Boorman et af., 1995).

The land ‘cover of the Tweed catchment is diverse
(Figure 2.6), ranging from heather moorlands on
the hills, through improved pastures on lower
slopes, 1o rich agricultural lands in the warmer
dryer lowlands (Fuller, 1993; Figure 2.7, Tables 2.2
and 2.3). Conifer plantations now occupy 16% of
the land, an increase from 11% in 1983 and from
3% in 1945 (Borders Regional Council, 1991, 1994).
Plantations are predominantly located on the hills
to the south and west of the region and include
Wauchope forest, Craik forest and sites generally
west of Innerleithen. In 1993, around 180 thousand
hectares of land were used for crops and grass (a
high proportion for Scotland; MLURI, 1984), and
204 thousand hectares for roupgh grazing (Borders
Regional Council, 1994),

Table 2.2 Land cover iypes (Scottish QOffice, 1992,
1994)

Land cover types (%)

Asable 18
Improved grassland 26
Rough grassland 16
Heathen‘peaﬂand 10
Woodland (mostly coniferous} 16
Urbarvrural development 1
Mosaic {i.e. mixtures} 1"

Figure 2.4 Average annual evaporation in the
Tweed catchment (mm) (Natural Environment
Research Council).



The main aruble crops are barley, wheat, oats,
oilseed rape and potatoes though relative propor-
tions are vanable and agricultural practices are
constantly changing in the catchment (see Table
2.4). The 1970's saw increased cereal production,
with a move to winter cereals in the 1980's and
some development of fields higher up in the
catchments; this trend has now been reversed with
fields returning to grassland, Over the last decade
the area used for growing wheat has increased,
whilst barley acreage has dropped. Numbers of
sheep, the largest livestock group, have increased
and there has been substantial growth in poultry
farming.

Table 2.3 Agricultural capabilities (MLURI, 1988;
Bown and Shipley, 1992).

MLURI agriculturas capabilities (%)

Class2 (Wide crop range)} <4
Class 3  (Moderate crop range) 20
Class 4 (Narrow crop range) 17
Class 5 {Improved grassiand) 30
Class6 (Roughgrazing) 30

Table 2.4 Agricultural usage in the Tweed (Borders Regional Council, 1994).

1983 1993 Percentage changesince 1983

Crop areas (ha x1000)

Wheat 105 209 99
Barley 538 291 -46
Qats 1.9 29 51
Rape 1.2 6.8 428
Potatoes 2.4 1.8 -24
Livestock numbers (x1000)

Cattle 160 148 8
Sheep 1263 1474 17
Pigs 23 21 -7
Poultry 631 M3 76

The Tweed is a sparsely populated, rural
catchment. The largest centres of population are
small towns such as Hawick, Galashiels and Selkirk
(populations 16 000, 14 000 and 6000, respectively:
data from the 1991 census). There are also
numerous villages and hamlets scanered across the
area. The total population of the Borders acey is
around 100 000, with an average population
density of 22 heads km¢ which is less than a tenth
of the UK average, 232 heads km?. The total urban
area of the Borders region is 49 km? (the Borders
region covers d similar but not identical
geographical area to the Tweed catchment).

Around 30 water treatment plants together supply
36 Ml day’ to the public and a further S M1 day!
(1992} to large industrial users (a decline from

8 Ml day” in 1990). Private borcholes extract
substantial quantities of water for industrial use (in

excess of 10 Ml day"). A few direct abstractions are
made from the main rivers for both industrial use
and for agricultural irrigation. The largest industrial
abstraction is for a non-woven cellulose fibre mill:
Dexter Nonwovens (9 Ml day ). The Tweed itself is
not used for direct ahstraction for public drinking
water; supplies are taken from reservoirs and some
boreholes. There are a number of direct supply
reservoirs in the area. Conservation water releases
10 the rivers from these reservoirs (including a
system of discrestionary freshets/block-grants) are
invaluable in maintaining the quality of the river
system. The freshets ete. are generally released in
dry weather when flows are very low and water
temperatures and algal activity are high, or when
particular pollution problems oceur (e.g. historical
fibre accumulation below Dexter Nonwovens) on
Whiteadder Water.
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Figure 2.5 Geology of the Tweed Catchment. "Silurian and Ordovician. Data are taken from the 1 km
British Geological Survey map of the geology of the UK, 1990.
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Figure 2.6 Dominant land cover for the Tweed catchment. Data from the Land Cover Map of Great Britain
(Fuller, 1993), provided by the Institute of Terrestrial Ecology.
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2,2 General water quality

The Tweed is a relatively clean river system sup-
porting 4 diverse biology and an important fishing
resource. Over 99% of the waters in the Tweed
catchment area are Class I, i.e. unpolluted (Scottish
chemical classification system; Scottish Office, 1990,
1985). Overall, there are very few serious water
quality problems. Only minor stretches of the rivers
are of Class 2 (fairly good quality), and these
usually result either from sewage discharges or
from natural causes (Scottish Office, 1990). The
main Class 2 stretches in 1994 were the Eurick
Water downstream of Selkirk (copper discharges),
Biggar Water downstream of Biggar sewage treat-
ment works (high nutrient load), Leet Water (dif-
fuse nutrient inputs) and, until very recently, Jed
Water downstream of Jedburgh sewage treatment
works Chigh industrial load). In earlier years there
were additional problems with the Langton Burn
downstream of NDuns sewage treatment works, The
Jed Water and Langton Bum stretches have now
moved into class 1 as a result of relocation of
outfalls to downstream locations where dilution is
greater. Eutrophication can accur in some of the
castern rivers in the arable areas, usually as a result
of excessive phosphorus inputs, although nitrate
concentrations can also be high. The problems on
Leet Water have been the result of excessive
growth and decompaosition of weed in the
eutrophic conditions. Diatom growth has been an
occasional problem on the lower Tweed. Such
growth commonly accurs in the spring and, in
some yedrs, this has led 1o high pH. Algal growth is
more common and occurs on the lower Tweed,
Teviot and Whitcadder Water where it can exent a
significant effect on pH and dissolved oxygen.

The overall rend, as measured by the Scottish
classification system, is one of steady improvement.
The water quality of the Tweed area is controlled at
4 very local level with improvements being made
as problems arse (Currie, 1989). Prevention, by
persuasion and education, plays a large role in the
Tweed RPIV's work particutarly with regard to
potential inputs from agriculture,

2.3 Inputs to the Tweed

Sewage treatment works

In the Tweed RPI area there are 84 local authority
consented sewage discharges serving a population
of 80 000 (Tweed RPD, 1992). Sewage treatment
ranges from moderate sized works serving the
domestic and industrial effluents of towns, down 10
sedimentation tanks and settlement tanks in rural
areas. Fifteen of the sewage treatment works
receive industnial effluent, which can be a signifi-
cant part of the load 1o sewage treatment works,
For example, at Jedburgh, effluent from a

fellmonger (sheepskin processing) almost doubles
the population equivalent load to the works
(Wallis, 1989) and at Galashiels the industrial load
produces a population equivalent of 23 000 i.e.
nearly twice the domestic load. At Hawick, indus-
trial effluent from an abarttoir (closed in 1993) and
from woollen-finishing processes have had a
substantial effect on the total load (Wallis, 1989)
and this has historically created special problems
for sewage treatment. The numbers of industrial
discharges to sewers for 1988 are as shown in
Table 2.5, Main industries are textiles, electronics
and agriculturally related activities. Sludge from
sewage treatment works is almost entirely utilised
by spreading onto ayricultural land.

Table 2.5 Numbers of sewage treatment works
receiving indusirial effluen, by type in 1988
(Scottish Qffice, 1994).

Industry Number
Engineerning 2
Food processing 4
Laundering/dry cleaning 1
Plating and metal finishing 3
Wool manufacture s
General farming 5
Cther 3

Sewage treatment works are continually being
upgraded or improved either 1o cope with
increased inputs or 1o meet consent requirements.
In 1994, 87% of sewage wreatment works met their
consents, and each year consent compliance
increases. Plans for sewage work improvements
generdlly centre on those sewage treatment works
which are most detrimental to river water quality.
For example, a long history of problems
downstream of Jedburgh works has led to the
recent relocation of the outfall o Teviot Water, a
larger river which can better assimilate the effluent,
At Selkirk, electronics industries have led to high
metal concentrations (especially copper) in Enrick
Water and a chemical treatment plant is now in
operation here, while at Galashiels sewage
treatment works, which.serves one of the larger
industrial towns, there is now tertiary treatment
(Tweed RPB, 1993). A number of improvements
and upgrades for smaller sewage treatment works
are carried out each year. There are plans to
improve the water quality of Biggar Water where, at
minimum flows, effluent dilution may be as low as
1:1. In future, effluent may be diverted to the River
Clyde, where there is significantly greater dilution.

Industry

Industrial activity in the Tweed caichment is low
compared with the rest of the UK. Traditionally, the
Tweed has been known for its woollen industry



including tweed and hosiery mills. This industry
remains, although in a much reduced form, being
replaced by a growing electronics sector. One of
Europe's largest electronics units is located at
Selkirk. Other industrial activities include food
processing e.g. fish smoking at Duns.

There are now only a few direct industrial dis-
charges to the Tweed rivers and tributaries: indus-
trial effluent is usually discharged to sewage
treatment works for treatment, or diverted to a land
based soakaway. There has been a trend away
from direct discharges. In a number of cases, trade
effluents also undergo some on-site treatment
before they are discharped. There are currently 48
consented direct trade discharges, including six fish
farms (discussed below). Most consents are for
very small discharges and are deemed satisfactory
with only a few being routinely sampled. For 1993/
4, 92% of discharges were satisfactory. The main
industrial discharges that are sull monitored are
Dexter Nonwovens, which had a new effluent
treatment plant installed in 1991, and a potato
packaging station (at Winfield, now relocated 1o
Craigswalls). Previously, effluent data from Border
Sheepskins, Moffat potatoes and the Chemical
Spraying Company in Coldstream have been
analysed. The Border Sheepskins' discharge was
connected to public sewer in the 1980's and Moffat
potatoes has discharped 1o soakaway since 1993,
The Coldstream based Chemical Spraying Com-
pany, which stored rather than manufactured
chemicals, was diverted 1o sewer in 1992,

Landfill sites

Management of the District Council landfill sites
has improved in recent years. Leachate collection
has been provided, sometimes with lagoons used
to collect effluent, with new interceptor drains, or
with surface water control. In some cases, such as
at Easter Langlee refuse disposal site, a leachate
interceptor drain with pumped connection to the
public sewer has been installed. The last en years
have seen some changes in the active tips in the
arca e.g. Fawside tip has been closed and Cleugh
tip in Berwickshire has been opened.

Fish farms

Six fish farms operate in the Tweed area. These are
on the Yarrow, Ettrick, Gala, Manor and
Whiteadder Waters at points where water quality is
especially good. The Tweed RPB cannot directly

control abstractions made for fish farming, unlike
in England, but it can set consents and exerts some
control over abstraction via these consents (e.g. by
consenting on the volume and rate of discharge).

Pollution incidents

Pollution incidents are potentially harmful to the
sensitive aquatic wildlife (Figure 2.8) that resides in
the very clean rivers in the Tweed area. The Tweed
RPB invests considerable time trying to prevent
incidents occurring and in minimising damage
when they arise. Most common incidents involve
sewage (often due to equipment failure), il and
agricultural effluent or chemicals.

The Tweed RPB has worked hard to make farmers
aware of the importance of proper practices and
well maintzined storage facilities. Historically,
inadequate storage facitities for silage effluent have
led to overflows during wet weather conditions.
Silage effluent is highly polluting (200 times as
polluting as raw domestic sewage; Royal
Commission, 1992) so can seriously damage water
quality. There has been increased inspection of
agricultural activities and huildings (silos, slurry
stores, sheep dippers) since 1985 (Tweed RPB,
1985, 1988, 1992) and remedial action or
improvements have been required where problems
were identified. This programme of education and
persuasion has meant that farmers are more vigilant
and few incidents of this type now occur.

A further programme of investigation, persuasion
and education has been directed at sheep dipping
(the region has the preatest sheep density of any
Scottish region; Figure 2.8). A survey of sheep
dippers by the Tweed RPB revealed problems with
poor siting, inadequate disposal and bad
management of dippers (Virtue, 1995). Farmers
have now been encouraged 1o adopt better practise
and 1o dispose of waste dip by diluting and
spreading such contaminants on the land, away
from water courses. This is now recommended in
preference to use of soakaways. As a result, there
have been marked reductions in organophosphate
concentrations in local water courses.

The outcome of the RPI's proactive approach is a
continuing downward trend in the number of
pollution incidents; in 1993/4, there were approxi-
mately 205 reported incidents, 309 fewer than in
1989 (Tweed RPB, 1994),



a)l

Figure 2.7 Landscapes of the Tweed river basin a) upland moors near Peebles (R ] Gibbens); b) upland
and lowland scenery near Peebles (R J Gibbens); ¢) Scolt's view (A ] Robson).

Figure 2.8 Facets of the Tweed a) fish farming (A J Robson) b) sheep dipping (W A Virtue), ¢) farm slurry
tank (W A Virtue) d) green drake may)fly, E. Dancia (W A Virtue).



3 The data resource

For this report, data have been examined for those
regularly monitored sites which have been sampled
and analysed by the Tweed RPI between 1985 and
1994. Further data relating to pollution incidents
and to short term water quality surveys/studics
have not been used because of the complexities of
handling such information.

The backbone of the data set is provided by the
routine sampling of a large number of river sites
which are analysed for up to 15 basic determinands
including pH, hiochemical oxygen demand (BOD)
and nitrate (Table 3.1). More sophisticated meas-
urements (Table 3.2) are made for a subset of sites
under various environmental schemes such as the
North Sea Action Plan (NSAP), the Paris Commis-
sion (PARCOM), the Global Environmental Monitor-
ing Scheme (GEMS) and the Harmonised Monitor-
ing Network (see Table 3.3 and Appendix D).
Determinations at these sites include metals, such
as lead and nickel, and micro-organic pollutants
such as dieldrin, dichlorvos and atrazine. The
frequency of measurement and the range of deter-
minands measured depends on the location and

the sampling plan. Samples are usually taken every
wo months (six samples per year), but there are
variations and not all sites have been monitored for
the full period. Locations of river sites are shown in
Figure 3.1. Many of the sites are sampled under
more than one scheme and hence provide overap-
ping results. For example, Lyne Water Foot is
sampled for hasic determinands as part of the
routine Lyne Water sampling run (site code BR011)
and also as part of the routine Tweed sampling run
{site code PROOS: a tributary to the Tweed), this
doubles the number of samples for this location. In
addition, this site is sampled for NSAP substances
(UR014). The full list of sites and overlapping codes
is shown in Appendix D.

Samples of sewage, industrial and fish farm effluent
are also regularly analysed at the locations shown
in Figure 3.2. Sewage treatment works provide the
most widespread pollutant input to the river
systems. Fish farms, direct industrial discharges and
Ups are more localised. Samples are usually taken
every two months, but more frequent sampling
occurs at some of the larger sewage treatment
works.

Table 3.1 Main determinands and types of location where analysis was carried out. See section 5.2 for an
explanation of ‘available’. (+ denoles small sewage treatment works (STW)).

Determinand Rivers Sewage  Fishfarms Tips Industry Code
pH . ® ® * ] 2
Suspended Solids {mg ') ® . * [ ] [ ] 4
BOD {mgl*) . ] . ] . 5
Temperature (°C) e * . 7
Dissotved Oxygen {mgl") ) . ] 8
Dissoived Oxygon (% sat) ® ] ® 9
Permanganate Value (mgl') ) [} 10
Frea & Saline Ammonia (mg} N) e . a - "
Albuminoid Nitrogen (mg "' N} + 12
Nitrita (mg I''N) . [ ] 13
Nitrate (mg ' N} [ . ® * 14
Chiorida (mgt' Cl) . ° ® ° 15
Soluble Phosphate (mg ' P) ® ® * 1?7
Total Phosphate (mgl'P) ) [} L] 18
Silica (pgl' Si) ] 58
Conductivity {uS cm™) . ) - ] . 61
Zinc (ug ' avallable) . . . 101
Lead (pg ! avallable) [ ) ® 102
Cadmium (pg | available)} ° ] ® 107
Nickel (pg | available) ° ° ® 104
ron (g " available) ) ° ] 106
Copper {pg " availabig) [ ] [ 106
Chromium (pg | avallable) L) . [ 107




Table 3.2 Determinands measured under environmental monitoring programmes.

Detorminand Rivers Sewsge Fish farms Tip Industry Code
Total Hardness (mg I’ CaCQ,) ) . 19
Lindane {ng (') . ™ . 76
Aldrin (ng |} . ® [ 78
Mercury (ug 1) [ ] ] . 89
Arsenic (pg I'") . L] 90
Carbontetrachioride {ug 1") . . . N
Pentachlorophenol (pg ) ® [ ® a2
Endrin {ng I} . ) ]

Dieldrin {ng I} ] . L

pp'DDT (ng 1) . ° ]

Zinc (ug |'dissolved) ] o . [ [ 108
Lead {ug I'dissolved) . [} ® [} [ 109
Cadmium {ug I" dissolved) * ) ) [ ] [ 10
Nickel (ug I' dissolved) . ® . ] ) 111
Copper (g I dissolved) ] ® [ ] . e 13
Chromium (pg | dissolved) ® [ [ ® ) 14
Hexachlorobenzens (ng ) [} ] 135
Haxachlorobutadiens (ng 1) ° . 136
Diazinon (ng I} . . 142
Endosulphan (ng I") [ ] ) ® 145
PCB (28,52,101,118,138,153,180)(ng |} ® * ® 146
Avazine (ng | . . . 147
Simazine {ng I") (] . [ 148
Dichlorvos (ng I'") ] ° (] 149
Fenitrothion (ng 1} [ ) ] ® 150
Azinphos Methyl (ng '} ° ] ® 151
Trifluralin (ng 1y . 152
Choroform (pg 1) . 153
Trichlorobenzene (ng |") ° 154
1.2 - Dichloroethane (g 1) [ 155
Zinc {(pg 1"'total) ] ° 165
Malathion (ng I} [ 184
Propatamphios (ngl”) L) 185
Pirimiphos Mathyl (ng ") ] 1886
Chlorfenvinphos {ng ") ) 217

Table 3.3 Details of river sampling schemes. * Note that most Paris Commission sites started in 1989, but
ceased in 1991. Three sites continue to be sampled.

River sampling schame Number of sites Approximate sampling frequancy (year')
Routine ~100 8
North SeaAction Plan ~20 12
Harmonised Monitoring Network 3 12
GEMS (Tweed above Galafoot) 1 g2
Paris Commission 13(3)* 12

12
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Sewage effluent is routinely analysed for nutrients,
BOD and available metals (Section 5.2 and Table
3.1) to check for consent compliance. The larger
sewage treatment works are also monitored for
dissolved metals and micro-pollutants under the
North Sea Action Plan (Table 3.2 and Appendix D).
At some of these locations, extra samples are taken
just upstream and downstream of sewage treatment
works to monitor the effects on river water quality.
For presentation purposes, sewage treatment works
have been roughly grouped as large and small
works. This has been done on the basis of the
Tweed RPB Report 1992 — 1993 (sewage treatment
works listed in the data tables correspond with
larger works),

Industrial discharges to surface waters are few and
declining. Basic determinands, analysed for consent
compliance monitoring, comprise only pH,
suspended solids, BOD and metals {Table 3.1).
Further NSAP measurements of metals and micro-
pollutants are extensive (selected from up 10 25
determinands; Table 3.2) but are tilored to those
substances that discharges are likely 10 contain,
Note that data from the Chemical Spraying
Company prior to its connection to local sewer are
available but are not presented. Effluent from this
source was extremely high in some micro-organics
but discharges were infrequent and of small
volume. The discharges were made to a soakaway
which leaked into the surface water system.

4

Effluents from fish farms are routinely analysed for
a range of basic determinands for consent
compliance (Table 3.1). In addition, river water
samples are taken upstream and downstream of
fish farms for metal analysis. Landfill sites are only
sampled at a limited number of locations, following
improvements in management practices, although
in the past they were extensively sampled.
Determinands analysed for consent compliance
include available metals but exclude nitrite and
phosphorus species. Some further samples have
been analysed for dissolved metals.

Not all the sites and effluent discharges were
sampled for the full period (1985 — 1994). Some of
the industrial discharges and fish farm effluents
shown on the map no longer exist while others did
not exist at the start of the project. Only sites
where at least ten samples have been analysed are
used in the plots and analyses. A robust estimate of
the mean is used in many instances, to try and
reduce the problem of outlying values affecting the
averages. This robust estimate is the trimmed mean
and is calculated as the average of the data once
the top and bottom 5% of values have been ex-
cluded. In some cases, such as suspended solids,
data is very strongly non-normal so neither the
mean nor the trimmed mean represents a panicu-
larly useful measure; both should be viewed with
caution. Note also that average values, as shown in
plots and tables, do not allow for differences in
sampling period or in sampling frequency.



4 A grapbical approach to
regional data analysis

4.1 Graphical presentation

The extensive and complex nature of the Tweed
water quality data makes graphical presentation the
most suitable method for examination. Graphs used
include:

® regional map plots giving a broad spatial
overview;
® line chans summarising the distribution of

data at cach of the sites and allowing
intercomparison of these distributions;

® time series graphs showing full data series at
each site;
® plots of other relationships e.g. concentra-

tion against flow or season.

Additionally, tables showing basic statistics have
been used to provide further summary information,

In this repont it is net possible to present all of the
graphs that were used in the data analysis. For
most determinands, regional maps are shown
together with selected samples of other plots,

For nitrate, a fuller selection of graphs is presented.
These show the range of graphs, and the way in
which these have been used to assist data interpre-
tation. Each of the plot types highlights different
features of the data. Together, the graphs allow an
easily accessible overview of extensive data,

4.2 Nitrate: a worked example

Background

Nitrate levels in UK surface and ground waters
have risen since the war following the increased
use of nitrogen rich fertilisers. This increase is of
concern for the public and for water supply au-
thorities. High nitrate in surface waters, in combi-
nation with phosphate can cause eutrophication
and excessive weed, algal and diatom growth. High
nitrate in drinking waters can cause
methaemoglobinaemia in infants and o prevent
this, current drinking water standards are set at
11 mg ' N (maximum) and 6 mg I' N (guide).

Nitrate is highly soluble and is the main compound
of nitrogen found in fresh waters. 1t is the fully
axidised form of nitrogen and, in the rivers, much
of the oxidation is achieved by nitrifying bacteria,

These bacteria are also active at sewage treatment
works and sewage effluent is usually high in
nitrates. Runoff from agricultural land can contrib-
ute high levels of nitrate especially during winter
when rainfall is high and plant uptake is low.

Nitrate in the Tweed catchment

During the last decade, more than 12 500 routine
nitrate determinations have been made at over 200
sites. Around half of these relate to river sites, the
remainder to sewage treatment works, fish farms,
tips and industrial discharges. To examine these
data, simple graphs and summary tables have been
used. Figure 4.1 shows a map of the Tweed
catchment. Circles show nitrate concentrations; the
area of each circle is proporional to average
concentration and different colours denote the
different site types. The map highlights the
following:

° Nitrate is higher in the north eastern area of
the study area (Leet Water, Eden Water,
Lambden Water and Leader Water). This is an
arable area where crops such as barley,
wheat and potatoes are grown. Here, the
watercourses are relatively small and slow
flowing and are of very different character o
the much faster lowing upland streams.

] Nitrate is elevated downstream of Biggar
sewage treatment works (sited to the far
west),

® Sewage is the most spatially widespreacd
point source of nitrate but concentrations are
variable.

® Fish farms and direct industrial sources are
low in nitrate,

e Tip effluent can be a source of nitrate, but
there is little evidence of any downstream
effect on water quality.

Time series plots of the data reveal much more
detail about nitrate variations (Figure 4.2). For the
Tweed, the time scries plots show averages of less
than 2 mg 1" N and a low seasonal variation. In
contrast, time series plots of the arable lowland
sites show much higher averages (6 10 20 mg I’ N)
and a marked sinusoid-like seasonal variation.
Sewage effluent concentration varies from site to
site. For example, very high nitrate concentrations
accur for effluent from the Institute of Animal
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Figure 4.1 Map of nitrate concentrations for the Tweed catchment. Closed circles and open circles are used
to belp distinguish (a) between samples on main rivers and samples taken on tributaries to those rivers and
(b) between large and small sewage treatment works. Fish farm samples can refer either to upstream and
downstream or to inlet and outlet water quality. Sites near sewage treatment works refer to water quality
sampling points just upstream and down stream of sewage discharges — these sites only apply to metal
determinations and are not present for nitrale.

Physiology and Genetics Research (LA.P.G.R). Data  the data range and interquartile range. Sites are

for industrial discharges are limited to three sites. grouped by site type and by river region and are
For fish farms nitrate concentrations are very low ordered from upstream to downstream. The differ-
with no consistent increase in nitrate between inlet  ent site types within each of the regions are

and outlet. Differences in sampling frequency can ‘stacked’ vertically so that point inputs can be

be identified from the graphs. Sewage effluent from  identified. For example, on Whiteadder Water there
Peebles and Duns has been sampled more than are inputs from two small sewage treatment works,

twice as frequently as at Denholm, whilst the septic  from an industrial site and from a fish farm (with
tank at Lilliesleaf has only been sampled for a brief  three sampling sites), whereas on Lambden Burn

period. Data from landfills are also patchy — only one small sewage treatment works is moni-
relatively few sites have been monitored since tored. High nitrate concentrations on Leet Water,
1991/92 following improvements in tip Eden Water, Lambden Burn and parts of Leader
management practice. Water can be readily identified, but these cannot be
explained by any of the point source inputs in the
Figure 4.3 is intermediate between the map and locality. Here, there is a steady downstream in-
time series plots. It displays measures of the data crease in the mean and the range of the nitrate
distribution at each site and allows easier cross concentrations. Concentrations on the Tweed also
comparison between river sites and local point increase downstream but more gradually. On the
source inputs. For each site, the mean and 5 and 95 Biggar, concentrations decline downstream as
percentiles are marked and a vertical line shows sewage treatment works’ inputs are diluted.

16



BOLAR W O MSOVE wAHTIR L WL
25 | 81 veney e 110 Vaheay %ﬂ JETy— ;:EM 1A Vet E‘k(‘;"“'l"
aan A TS LiY0a lnu-nu:n ARG , antRILINA) BRO:Y Nuan TW L) HLoe
v 0] vager 1a ! g T3 43 © Mange 01348 Garge 1. 1)
e 1 :
>
£ w0 1
5 MWWWM f B L VAP ' —M\f_ww ! A e e A ™ e et
ol .. - —— . L T . Al aiionfi SR Sttt st ua sl Mg .
TABROw W A1 e A 314108 }OFITBCE w Al ~felmfies SUNGL - CITRICE W A1 LS AN WAL frch :uuw ATIUGEIL MUAN LOOT .
N LI 217 O 10 Vi ] L 6TV Ry
bl e s TS -4 R e S 7 vTovrome) €Acas e Fiicos
w 2| Ao | Mameoie. e T Remgnd o Herge 04 da
o 15
g .
‘= 19 4
5- l [ g VNP
————r— e o] i g ——
ol e T R s, WL XTI T
GALS WATLR FOOT LEASE A W aT LAl A B OGF TEADER WATHA FOD! | TURITORD BUTA BELCH MUV Sia I
25 1w vikes Gala 90 Veany 1 rader 137 Vahest | acied VAN Vahae '.T.l-d«
[T Y RO A 2204737 GROO3 a2 95283 GROO Nowh 844 (830 GRI101
@ PO} Rengezat b 1 et a3 T Pangeiitida EIRT)
b4 ! .
& 15 :
= W -’
i PO R A S B PP NPy N
B
o VI T e N T Y T T T i o ; - _
TURSFQRAD B ABOYF § AILITCN FOOT U JFUw AT ABRLY BADGE HD NATLA OO VDI W AT WIINTARD CARD T
25 ] 2 Varm Al .i 1 Ve Jod 133 ek Jut - b mae I‘Ml.oo
Megn T H{ 1831 GRip? T Ry HAOO? [FRTYRY T HROLA T HO02
W X Ry I Ramged 7y 4at Rorgeda. bt age 2383
g " i
T w0 !
5 | N Rttt L e e e
0- R R Py va e e el i it Ml et - A
TEOT W al Sf 38" 80 DGL . TLVIOT WATES FD0T - FOEN BULAY (hatwy W | LMW A" asioh Fetor
25 | B v ol Cola Ve vt * Vs k. +a Wem fBan
[ I 17908 e f 10 IR0 Muen V308 33 Ji<to1 oar §48 14 o | I
v 9] mesgen v P iegunyt 37 Paags b 114 Taage 144 44
E;i 1% {
SR 1
s i WW"‘N\/W\} \j\-/\[\—\/\f\/w
9 ~ e ———- e e e e i e e ——
Fl s PLLEW 1 N0 ea0i% | At DRLLGS j [COwwarmmwine: LAMADL S a0y B LR MM bA, | LAWBOC B b . (2 AT F AR § :
a8 ”t""ll w“tc-'l b v R ¥ Varar Larextun Nhhsies Lertsden
* Masadbiter, SROOT | wesssiagem, G Wasn § 7314 44) REOGY Weardd (b ar) KPOOY
T TN  DergaG#t 34 Hangual M2 R 33813
o 1s-
e | AN VAAM
s 5 VV\A/\M\J A /\j\f\f\./“\/\;
PN E T .
<ABIFH ARSYVE {70 T ROV B UHGICH LAMHC e QUas B G HITROLI LILTw oW iV TAf LLE™ W AT Satailn -
25 | Wi Artades 3N Yahay Lart R Lew oy '_'N
N O RY KA T L eeaTRa{ Ty L2 M 3 17 (4 pa LHODD [P TP 1 Hua
LR ET SR TN ! Benmin.an Mo 519 2€2 | Burpe 4 111
z [} / i
g w u - \r\_ |
i N AVAY.
) ; , P . P v '
LET EERa - TR S FIFRSFY FiN M ATUATEE AW Al (S i aw WAL EADDL A e AT oA F G HAW L RS L AIRAZITA ain 4l syl .
K3 :n v-:n * (L1 R By ochnr o Vs s s k- ey 143 ac-‘.gl'l-’:
N Mesnu ) ie2) L0 [T 1) ME0C ) [T R4 Mear I b 3w (R
w 2 | feenss e | Reeieiant Fanputd ¢4 R0y 7
5
2
“ 1
¢ 1 - I‘r . A
WATTAGCFH A" Ol ST RIF Dy 0y o WlTTADDER W 0N SHINLTE bm N TEACEER W OAT vt TN B THICO AT S, b2006%
Fo B T Yintoacder v A7 vakas Whaanvigs [T O‘U:'.‘J-ﬂ:k_r 13 Vit ;nm!
Mas 1T (1) HRXOG | wesnze 123 KOs Mgar 31304123 MNAZLD Masn 348101281 A
w 20 | nagecs 411 HEL™ P Hamga £ 43 & L - LI 1
D 15
>
Z
* A A A A e A~ A SN ML
C i . . . —’—\-——'—N.——‘_p_——‘-—_q_-.-
TATECAT (ot FORY . § TWECD AT SAOUME B2 DTT Tot{ D ABCT A e OG 1 THAITD AT LS AR AGGL .
25 | 3 Ve Vo Do vanas Turmed $42 Viser Twear 13 vaner ‘,v;‘g-::
Lhasn 3TN AWI g P Moam 114, 1a PR S Wasn i3 G [ Sy Myt 21132 R
PR B M te 7- g 2? a4 Ggu B Y
2 s
g .
PR ] 1
s !
ol —m——————— - — e e e B T N e
Tt tD ANC L LEADLR - Pl § 2 AT iy b (s CWEL D AT SRl O . . Tk e AL HTEA RO " el
2 v T erweed 43 Vikowy Tarna S Varay ¥ -tod [T TPV ‘,:1(;‘
Mear  13(1 e} o T ovesn ettt “ROM Bagn 1980 41 FROI (TR TR ) Bt
w € | egren 2oy [V FYR POy ¢ faage Tys tad Cue D23 1H
o s
>
=
: \JJ\.
ol —m——— e e e e e e ——»NW-\./\_/‘ . _AM\AMWW

85 %6 A2 uB 8) M 95 3

Nitrate (mg/l N)

GRLC AN wia 1 AT TP

8% 86 AT BW A7 90 ) 92 §3 G4 §5

LTl wali AIOOT

A5 bh &7 BH ORI ¢ G192 i A4 5%

LOMR i $30m wal{f 07

&5 86 A7 B8R 83 30 91 97 93 Ja uy

Figure 4.2 (continued overleaf) Time series plots are shown for a selection of the sampled sites for the years

1985-1994. Sites are grouped according io type and are roughly ordered Jrom upstream to downstream. The
same horizontal scale is used for all grapbs. Vertical scales vary according to the site type but are fixed within
each group (e.g. rivers, sewage treatment works, fish Jarms). The term ‘settle’ is used to indicate the smaller
sewage trealment works. On each graph a bar is plotted alongside the y-axis to show the relative size of the
river axis:- @ short grey bar indicates that concentrations are much higher than in the rivers, a long grey bar
indicates that concentrations are similar or low relative to the rivers. On each Plot the range, the number of
values, the mean and the trimmed mean (brackeled) are given. Note the elevated concentrations and striking
seasonal variation in some of the arable regions.
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Figure 4.3 Line chart displaying distributions of nitrate concentrations. For each site, the mean () and 5
and 95 percentiles (-} are marked. Vertical lines extend outwards from the interquartile range to data
maximum and minimum. Sites are grouped by site type and by river region and are ordered from up-
stream to dounstream. The term ‘setile’ is used to indicate smaller sewage treatment works. The different
site types within each region are ‘stacked’ vertically so that point inputs can be identified and compared.
All samples of the same type are plotted at the same scale, but different types are plotted at separate scales.

The bar shown to the right shows the extent of the scale used for river sites and can be used to belp compare

scales.
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Figure 4.4 Scatter plots of nitrate concentrations against flow for selected river and sewage sites. Flow
volumes are given for the nearest dounstream flow gauging station. Note that for sewage treatment works
this means that the plotted flow is local river flow, rather than actual volume of discharge.

Table 4.1 Basic statistics for nitrate concentrations for 1985 - 1994. The mean, trimmed mean, median
and percentiles are calculated for each of the site types. Minimum, median and maximum values of
individual site averages are also given. The cutoff value shows the level above which points are considered
to be outliers and bave been omtiited from calculations of the mean elc.; the number of points above the
cutoff value is shown as the number excluded. For nitrate no cutoff value bad to be imposed but for other

determinands (see Appendix A) some points bad to be excluded. The detection limit for nitrate is
CImgt N

Nitrate (mg ' N)

River Sewage Industry Fish Inlat Fish Qutlet Tips

Mean 39 88 18 06 07 38
Mean (trimmed) 34 79 14 06 06 34
Median 23 6.9 14 05 05 28
5 Percentila 06 05 04 02 0.2 04
95 Percentile 117 24 41 19 17 99
Site Average: Min. 05 0.6 10 03 03 04
Site Average: Median 30 6.7 1.2 05 0.5 34
Site Average: Max N5 324 18 12 12 1.2
Cutoft Value

No. Measuremants 6114 3886 72 397 751 1435
No. Excluded ¢ 0 0 0 0 0
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Figure 4.5 Scatter plots showing seasonal variation of nitrate for rivers and sewage effluent. Nitrate
concentrations are highest int the winter for the rivers, and bighest in the summer for sewage effluent.

At most river sites, nitrate rises rapidly with flow
but then flattens off and may even decline (Figure
4.4). For sewage effluent, the opposite pattern is
seen with nitrate concentrations usually being
highest at low flows. This relationship occurs
because during wet periods there is a greater
thkr'nughput of water to treatment plants resulting in
increased dilution. A strong seasonal pattemn, which
relates to the flow characteristics seen above, is
seen for both river water and sewage effluent
‘(Figure 4.5). For the nivers, maximum
concentrations occur in the winter period, whilst
for sewage effluent maximum concentrations are in
the summer. Seasonal variation is most pronounced
in the amable lowlands. For Jed Water Foot, there is
very little seasonal variation and this may be
because until recently the Jed has contained high
proportions of ¢ffluent from Jedburgh. Some
sewage treatment works show greater sedsonal
variations than others (e.g. Biggar and Galashiels
display more variation than Selkirk and Jedburgh).

Basic statistics for the various site types are shown
in Table 4.1. From this, the graphical infformation
shown on map and time series plots can be
quantified. Average riverine nitrate concentrations

in the Tweed catchment are reasonably low for the
UK (3.4 mg I' N for the trimmed mean) but, as
noted from the plots above, show considerable
variation from site to site (averages range from 1 —
32 mg I N). Sewage treatment works effluent is,
on average, more than twice as high in nitrate as
river water (9 mg 1" N), but site averages again
range from 1 — 32 mg I’ N. Fish and industrial
samples average < 2 mg ' N, whereas tip samples
are somewhat higher in nitrate (4 mg ' N).

interpreotation

The increased nitrate concentrations and the
greater seasonal variations in the lowlands show
the imporance of diffuse agricultural sources.
These are highest for Leet Water, which is
predominantly arable and has a low population
(<1000), for Lambden and Eden Water, which are
mainly arable but with some livestock, and for the
Turfford Bum, a poultry farming area. Other arable
regions, ¢.g. the lower reaches of Blackadder and
Whiteadder Water, are fed by upland headwater
areas and have lower nitrate concentrations
(although still higher than the Tweed river).
Fertiliser is applied in the arable areas in January or
February and continues regulady until the late
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spring. It is generally a mixture of ammonium
nitrate, potassium and phosphate. In these areas
nitrate concentrations are exacerbated by low
rainfall and high evapo-transpiration. This alone
may account for a doubling of nitrate
concentrations, enough to explain pant of the
regional distribution of nitrate concentrations.

Silage and slurry are major sources of nitrate,
although these are not evident in the most arable
areas and are only significant where there is
grassland and livestock. Grassland areas do not
give rise to the high levels of nitrate seen for the
Leet, Lambden and Eden. This is despite the
practice, driven by inadequate storage conditions,
of spreading silage effluent and slurry thmughout
the year. During the winter there is linle or no
nitrate uptake and wet conditions cause nitrate to
be leached to the rivers. Nitrate concentrations in
grassland areas are probably moderated by inputs
of low-nitrate waters from uplund headwater
sources.

The seasonal pattems and flow relationships
indicate that nitrate is much higher in soils than it is
in groundwaters (nitrate is lowest during summer
base flows when groundwater contributions are
significant). The difference between nitrate levels
in soils and groundwaters in winter is most pro-
nounced in areas where nitrate is highest Chence
the larger seasonal varation noted above). A
downstream increase in nitrate is probably linked
to the increasing proportions of intensively farmed
land within the catchment. In the arable areas,
nitrate enrichment has occurred at all levels of flow
(i.e. for both ground and soil waters). Even at
baseflows, nitrate concentrations are much higher
than in upland headwater areas. Thus, although the
increase in nitrate in lowland arable areas is great-
est for the soils, it is still significant for the
groundwaters.

In summary, the observed nitrate patterns indicate
that diffuse agricultural sources are the major
source of nitrates to the rivers. Point sources are
much less important than these diffuse inputs.
Nevertheless, where dilution is poor, there may be
a significant rise in nitrate caused by sewage
effluent.
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5 Water quality

This section gives a comprehensive overview of the
observed stream water chemistry from the 100 or so
regulardy monitored sites, emphasising river water
quality and its relation 1o point source inputs.
Relationships with low are discussed. The determi-
nands are grouped as:

® basic determinands,
® metals, and
® micro-organic pollutants,

The overview provided for each group is supple-
mented by a detailed, reference-like description of
results for individual determinands, given in
Appendix 1. Section 6.1 records the characteristics
of the different point source inputs while the role
of diffuse sources is summuarised in Section 6.2,

5.1 Basic determinands

Basic determinands include pH, temperature,
suspended solids, dissolved oxygen, biochemical
oxygen demand (BOD), nitrogen species {nitrate,
total ammonida, nitrite), phosphate, chloride and
silica. Many of these measurements are important
measures of nver water quality status and of the
suitability of a watercourse for aquatic life, Here,
the main results are summarised with more exten-
sive details being provided in Appendix B. As with
nitrate, the results are based on examination of
regional maps, time series plots, flow relationships
and tables of average concentrations. The regional
maps are shown for most determinands (Figures
5.1 and 5.2) but only samples of the other graphs
are included. The maps provide a simple overview
of the spatial distribution of the various determi-
nands and of the relative importance of the differ-
ent point discharges. Summary tahles showing
means, medians and the range of site averages are
presented in Appendix A, The tables highlight
differences between river sites and the measured
point source inputs.

The regional maps illustrate the varying river water
quality spatial patterns and the distribution of point
source inputs to the rivers, For most determinands,
sewage treatment works are the main point source
of materials. However, the ratio between average
riverine and average sewage effluent
concentrations is strongly dependent on the
determinand considered. For example, total
ammonia is around a hundred times higher in
effluent than in the rivers and phosphate and BOD
are 50 and 25 times as high. Contrastingly,
suspended solids and nitrate are only three and
five times as high.

For many determinands, highest concentrations are
found in smaller watercourses draining the low
lying eastern arable areas (Lambden Burn and the
Leet, Eden and Leader Waters). Nitrate shows the
strongest pattern, with high nitrate concentrations
spread across all these watercourses (Figure 4.1
and 4.2). Phosphate is also elevated in the low-
lands, but is more localised than nitrate, High
concentrations are found mainly on Leet Water,
Lamhden Burn and Turfford Burn (a tibutary of
the Leader; Figures 5.1 and 5.3). Since phosphate
levels are very high in sewage effluent, it is surpris-
ing that highest concentrations are found in the
lowland arable areas where there is relatively linle
sewage discharge. Chloride is also high on Leet
Water and Lambden Burn (i.e. the most easterly of
the above rivers) Silica, BOD and total ammonia
show a slight enhancement in the lowlands (Fig-
ures 5.1 and 5.2). Dissolved oxygen, pH and
temperature show little regional variation because
site to sile vanations are small relative to the mean
(Figure 5.2). The situation is more complex for
suspended solids because data distributions are
much more skewed in the largest rivers. Usually
suspended solids are higher in the lowlands
(Figure 5.2), but at high Rows, much greater
concentrations are measured on rivers such as the
Tweed and Teviot,

The elevated concentrations in the lowland arable
areas probably arise from a combination of climatic
and agricultural influences. Low rainfall and high
losses by evapotranspiration concentrate rainfall,
and provide less dilution for land derived inputs. In
the relatively dry Leet Water (Table 2.1), climatic
conditions could account for stream concentrations
1.5 to 2 times the Tweed average (depending
whether the primary source is rainfall or the land,
and assuming all other factors to be constant). This
concentration factor is even greater (up to six times
as high) when Leet Water is compared with the
much wetter upland areas. Intensive arable farming
practices in these drier lowland areas also impact
on water quality: the land receives high nitrogen
and phosphorus loads from slurry, silage effluent
and other fertilisers. Spreading of these often
continues through the winter to dispose of accu-
mulating wastes, and nutrients are readily leached
from the land in wet winter conditions. Riverine
nitrate, phosphate, total ammonia, chloride and
BOD levels are ali likely 1o be affected by these
applications. Particularly high phosphate concentra-
tions on Turfford Burn are linked to chicken farms
because phosphate-rich chicken litter is spread as a
fertiliser. Chicken farming, combined with intensive
arable farming practices, may also affect Leet Water,
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Figure 5.1 Maps of average concentrations of soluble and total phosphate, chloride and silica concentra-
tions. In all cases, highest river concentrations are found in the lowland arable areas (Leet, Lambden, and
Leader Waters), reflecting the effect of diffuse sources, low rainfall and high evapotranspiration. Sewage
inputs of phosphate are particularly high relative to background river levels.
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Figure 5.2 Maps of average concentrations for biochemical oxygen demand, total ammonia, pH and
suspended solids. Note the relatively small regional variation in pH (maps for temperature and dissolved
oxygen, not shown, have a similar appearance). Sewage effluent provides the main point source of sus-
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Figure 5.3 Time series of soluble phosphate for three
locations on a lowland (Leet Water} and upland
(Eitrick Water) river, 1985 — 1994. Concentrations
on the lowland Leet Water are much higher and
show a large seasonal variagtion.

Sewage treatment works effluent is high in BOD,
suspended solids, total ammonia, nitrate, phos-
phate and chloride. Concentrations vary consider-
ably from site to site, but much of the variation is
attributable to consent conditions (Figure 5.4).
Consent conditions are set in relation to available
dilution and effectively determine the grade of
treatment pracess required. The regional maps
highlight the differences in effluent quality related
to treatment process. Total ammonia, BOD and
suspended solids are all significantly lower at main
sewage treatment works (Figure 5.2) e.g. for BOD
they are typically one third as low. Most sewage
discharges have only a slight effect on downstream
water quality; this is as it should be, given that
consent levels are designed to prevent pollution of
the river. However, there are a few sites where
downstream changes can be clearly seen. High
levels of nitrate, BOD, chloride, total ammonia and
phosphate are found below Biggar sewage treat-
ment works because the sewage effluent discharges
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Figure 5.4 Time series of total ammonia in sewage
effluent, 1985 — 1994, Effluent from larger works
(e.g. Biggar, Selkirk) contains less total ammonia
than effluent from low grade treatment (e g.
Lilliesleaf septic tank). Effluent at Jedburgh is an
exception, the result of bigh indusinial loadings
Jfrom fellmongering.
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Figure 5.5 Time senies variations in lotal
ammontia for three sites along the Jed, 19851994
Effluent from fedburgh sewage treatment works bas
bistorically resulted in bigh concentrations at Jed
Water foot because of industrial loadings.
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to a relatively small watercourse. Below Jedburgh,
high levels of BOD, total ammonia and chloride
have occurred because of industrial loadings on the
works, in particular from fellmongering (Figure
5.9). Below Duns, where salt used in salmon
smoking is discharged in sewage effluent, riverine
chloride is above average,

There are few direct industrial inputs in the Tweed
area. High nutrient loads are associated with food
processing, e gz potato washing, but have limited
impact on the rivers, In practice most industrial
discharges are made to sewer so industrial wastes
primarily affect sewage effluent. Tip effluent
contains a wide range of substances, but most do
not make a significant impact on the rivers. Of the
main determinands, suspended solids are prupor-
tionally the highest in tip leachare.

Fish farms in the Tweed area have little effect on
niver water quality. Of those determinands meas-
ured, total ammonia, suspended solids, BOD and
phosphate levels are increased (Table 5.1). Dis-
solved oxygen (Figure 5.6) and, 1o a small degree,
pH, temperature, nitrate and chloride show a
decrease. These results compare reasonably well
with data for other parts of the UK (Solbe, 1982;
Table 5.1). Phosphate seems 1o have increased
more in the Tweed catchment but the sample basis
for the UK phosphate survey was very limited. All
of the observed changes are small compared to the
effects of sewage treatment works.

161 TINNIS FISH FARM - QUTLET

66 Values Yarrow
147 Meun 8391837 DF 002
12 Ranga 6- 123

‘s A'L“\ﬂf el

6
B85 86 87 88 89 90 91 92 893 94 95

Figure 5.6 Time series variations in dissolved oxygen concentrations for the inlet to and outlet Jrom Tinnis
JSisb farm, 1985 - 1994. Oxygen levels are depleted by the farm.

Table 5.1 Some determinands affected by fish farming. UK resuits are taken from Solbe, 1982, Note that
the changes reported for the UK siudy are based on sites located downstream of fish farms. For the Tweed,
the change is based on the outflow (except for the metals, which are measured downstream). * denotes data

available from only a small number of sites.

Tweed caichment area UR™

Inlet Outiet Change Change
Suspended Solids (mg I} 37 09 21
BOD (mg 1) 16 0.5 07
Dissolved Oxygen (mg |} 1 4 1.6 03
TotalAmmonia {mg | ' N) 0.06 0.16 01 0.07
Nitrate (mg ' N) 063 0.66 0.03 023
Total Phosphate (mg I* P) 0.09 014 0.05 0.004*
Iron (pg ') 62 )
Copper (pgl") 3 07
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Many determinands show striking seasonal
varniations (e.g. Figures 4.5 and 5.7). For silica,
nitrate, phosphate and oxygen, the seasonal
variations are much greater on the small but
nutrient rich lowland arable streams discussed
above (Figure 5.8). For pH and temperature,
seasonal variation is relatively uniform across the
whole of the Tweed catchment (Figure 5.8).
Seasonal variations arise hecause of changes in
flow and emperature. Many are biologically
mediated and are strongly linked to diatom and
algal growth. Biological effects will be greatest
where nutrient inputs are high and stream waters
become cutrophic.
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Figure 5.7 Time series of silica variations at Tweed
above Galafoot, 1985 - 1994. Minima correspond
to spring and awtumn diatom/algal blooms.
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The different determinands show varying flow
relationships. For example, in the rivers, suspended
solids increase rapidly with flow (Figure 5.9)
whereas nitrate, silica and total ammonia initially
increase but level off or decrease at high flows
(Figures 5.10 and 5.11). The contrasting flow
dilution effect seen at Jed Water Foot results from
the high effluent discharge above this point.
Phosphate and pH decrease with flow (Figure
5.12), and BOD shows little flow relationship.
Differences in flow relationships are informative
because they can suggest likely sources. In general,
determinands that show flow dilution are likely to
have either ground water sources (which
contribute most at low flows) or significant point
sources. Determinands that increase with flow may
have sources from the upper soils and near surface
runoff or from mobilisation of the sediments. For
example, the increases in nitrate, total ammonia
and silica at high flows suggest that near surface
waters are important sources and that
groundwaters carry comparatively low
concentrations.

For sewage effluent, a flow relationship of dilution
during high flow pericxds is typical (e.g. Figure 4.4).
This can contrast with the riverine relationships. In
cases where effluent significantly affects riverine
concentrations the riverine flow relationship can be
altered e.g. at Jedburgh, the typical riverine total
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Figure 5.8 Time series of temperature and dissolved oxygen for a lowland (Lambden Burn) and upland
(Kingledoors) location 1985 - 1994. Much greater oxygen variations occur in the lowlands because of
bigher nutrient levels. There is relatively little temperature difference between the two sites.
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ammonia increase with flow is altered to a
decreasing flow relationship (Figure 5.11). Sewage
effluent can also show a different distribution of
concentrations to the nivers. Suspended solids and
total ammonia are much less skewed than for the
rivers whereas BOD is sometimes more skewed

Flow {cumezs)

(e.g. Jedhurgh and Selkirk).

Overall, the major regional river water quality
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Figure 5.9 Flow relation-

ships for suspended solids at

Tweed above Galafoot.
Suspended solids increase
rapidly at bigh flows.
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Figure 510 Flow relationships for
silica at Tweed above Galafoot
and Leet Water. Silica initially
increases with flow but then levels

off.

Figure 5. 11 Flow relationsbips for
total ammonia at Jed and Eden
Water foot. At most sites, eg. Eden
Water foot, total ammonia
increases with flow.

Figure 5,12 Flow relationships
Jor pH at Eddleston Water foot and
Tweed at Norbam Bridge. pH
declines with flow because runoff
Jrom soils and ditches is more
acidic than the groundwater
sources that supply the rivers at low

Slows.

phosphate, silica and chloride). Seasonal and flow

related variations can be strong, especially where
concentrations are highest. Sewage effluent is the
main point source of many determinands, but only
a few sewage treatment works have a significant
cffect on downstream water quality and these relate

mainly to poor dilution and/or to high industrial
loadings. Industry, tips and fish farms have only a

varations relate 1o diffuse sources (e.g. nitrate,

small impact on water quality.



5.2 Metals

Metal concentrations have been determined using
Furnace Atomic Absorbtion Spectrophotometry
(rivers samples) or Flame Atomic Absorbtion
Spectrophotometry (effluent samples). Up to three
types of determination are made:

@ total, which is determined on an unfiltered and
acid-digested sample,

dissolved, which is determined on a sample
that has been filtered through a 0.45 pm filter
and,

avallable, which is determined on an unfiltered
sample and measures the amount which is
dissolved and in suspension.

The distinction between dissolved and available
metal concentrations is essentially operationally
defined. In reality, fine colloidal particles smaller
than 0.45 pm probably exist in waters (Gunn et al,
1992). Finer filters are non-standard within the
water industry and are impractical because of
lengthy filtration times. For sewage treatment
works and industry, an available metal
determination is most widespread. For rivers, tips
and fish farms, dissolved metals are measured
under the various environmental monitoning
programmes. Total metal concentrations have only
been measured at a limited set of sites, often only
for four (three Harmonised Monitoring sites and
the Tweed above Galafoot).

Zinc, lead, nickel, copper, iron and chromium are
the main metals that are determined.
Determinations for cadmium, mercury and the
metalloid arsenic are made at a few sites but
concentrations tend to be below or very near
detection limits. Many of the metals are toxic to
aquatic life when present in excess, the most toxic
being cadmium, mercury, arsenic and chromium.
Most metals have anthropogenic sources ¢.g.
electronics, fossil fuel combustion and pipework.
The relative importance of natural sources is
variable: chromium has few natural sources, whilst
iron and zinc are abundant in nature.

The main features of the metals daw are reported
here and a more detailed description of each of the
metals is given in Appendix B. Figures 5.13 - 5.15
show the spatial patterns of metal concentrations
for both rivers and inputs. Appendix A provides
tables of averages for river and point source
samples.

Most of the rivernine metal load in the Tweed area
comes from iron (over 80% on average), followed
by zinc (10 - 15%) and then copper, lead, nickel
and chromium (in decreasing order; Figure 5,10V,
Relative pruportions of metals in sewage can differ
greatly from background river proportions. For
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example, the high metal load at Selkirk is
proportionally enhanced in copper and chromium
(Figure 5.16) and, at Galashiels, nearly 509 of the
metal load is copper. In contrast, Biggar sewage
effluent, which receives relatively little industrial
effluent, has a fairly similar proportional
breakdown of metals to the rivers.

Sewage effluent is an impornant source of metals
e.g. copper, nickel, chromium and lead, although,
in many cases total effluent output is dominated by
just a few of the works, Selkirk sewage treatment
works discharpes the highest levels of almost all
metals, whilst Galashiels is a notable but lesser
source (see Figures 5.13 - 5.15). The impact on
water quality is seen clearly on Ettrick Water where
samples tken downsiream of the Selkirk outfall
show changes in proportions and increases in
concentration (typically by a factor between two
and ten; Figure 5.17). For copper, a proportional
enhancement can still be seen at sites much further
downstream even though much dilution has
oceurred by this stage e.g. Tweed at Galafoot and
possibly Norham (Figure 5.17). Copper and
chromium inputs at Selkirk probably make a
significant impact on total river loads to the Tweed
estuary (Figure 5.19 see Appendix B.2 for further
details), Nickel is too near detection limits for any
increase to he detected. Lead, iron and zinc are
near to background levels and there does not
appear to have heen much overall effect from
sewage discharges.

Domestic sources may also contribute to the metal
load from sewage treatment works; it has been
estimated for UK sewage treatment works that up
to 20% of nickel, copper, lead and zine can derive
from domestic sources (pipewaork, household
chemicals, medicines etc.; Hedgecott and Rogers,
1992). It is not possible to distinguish between
domestic and industrial sources here. However,
where there are very large site to site variations in
heavy metals, an industrial source seems likely.

Other point sources of metals are negligible. Most
industrial, fish farm and tup effluents have lintle
impact on metal concentration. The exception is
iron in tip effluent, which averages around

3600 pg 1.

For zinc and iron, the most prevalent metals, there
is clearly an important background geological
source. This geological source appears to be
widespread; there are no strong regional variations
across the Tweed area. Lead and copper may also
have lesser background sources. Background levels
of nickel and chromium are below detection limits,

The different analytical methods for metals allow
investigation of the form in which the metals are
found; in panicular an approximate division



between available particulate and dissolved
components can be made. However, paired
determinations are generally only available for a
restricted set of sites and the results from these may
not be representative of the larger daw sets. Also,
for the rivers, metal concentrations are often 1o
low for sensible data analysis to be possible (this
applies to nickel, chromium and possibly lead).
Dissolved fractions are highest for zinc and copper
and are lowest for iron (Table 5.2). Dissolved and
available particulate propontions in sewage
treatment works are highly site dependent (e.g.
Selkirk discharges higher available paniculate
fractions than most ather works). In effluent, nickel
tends to have the highest dissolved fraction and
iron the highest paniculate fraction.

Metal concentrations are only weakly associated
with flow for the rivers, although highest concen-
trations are usually seen at low flows, Only iron
shows a tendency to increase with flow. For
sewage ¢ffluent, flow relationships are weak, but
metal concentrations tend to dilute at high flows,
This is often only seen where concentrations are
relatively high.

There have been substantial vaniations in metal
concentrations over ume for many sewage
treatment works (Figure 5.18). For example, at
Selkirk, nickel and iron concentrations have
increased over the last decade, whereas copper and
chromium and zinc have decreased. For Selkirk,

these changes primarily relate to recent changes in
treatment process: in 1989 a poty-electrolyte was
introduced, and since 1992 a coagulating agent
based on iron has been added. These process
changes almost centainly explain the observed
increase in iron, and decreases in zine and copper.
They may also be partially responsible for the
unusually high paniculate levels in the Selkirk
effluent. it is not known why nickel should have
increased since 1993 (nickel is used within the
electronics industry). Decreases in chromium may
also relate 1o a tannery which used chromium but
has now closed down. Other time series trends in
sewage effluent include a decline in copper at
Galashiels, and an increase in zinc at Jedburgh. The
spike in iron concentrations in 1991 for Jedburgh
sewage effluent relates to a trial period in which
iron was used as part of the treatment process.
Further changes in treatment process at Jedburgh
occurred in 1993 and 1994 to help conuol total
ammonia and nitrate discharges.

Although sewage treatment works provide a
significant metal load to the Tweed catchment,
there are very few water quality problems in the
region associated with the metals. Environmental
Quality Standards (EQS) and drinking water stand-
ards have been met at all sites with the exception
of the EQS for copper downstream of Selkirk.,
Details of the EQS and drinking water standards
relative to mean river concentrations are given in
Table 5.3.

Table 5.2 Partitioning between dissolved and particulate components. Average ratios are shouwn together
with the range of site averages (bracketed). ® indicates that levels are probably too low in rivers for the ratios

presenited to be reliable.

Motal Rivers ratios Sewage ration
Dissolved:Avallable  Dissolved:Total Dissolved:Available  Dissolved:Tota!
Znc 0.64 0.60 0.63
{0.54-0.77) {0.31-0.84) (0.38-0.84)
Lead 0.52 0.47
{0.40-0.62) {0.22-0.68)
Nickel * 043 0.67
(0.39-0.47) (0.47-0.8)
Iron 028 0.39
(0.22-0.36) (0.07-0.72)
Copper 048 0.65 0.60
{0.30-0.58) {0.52-0.8) 0.13.2)
Chromium* 0.042 0.1% 072
{0.0-0.13) {0.17-0.22) (0.68-0.76)
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Figure 5.13 Map of dissolved and available metal concentrations for iron and zinc, Available metal
concentrations are measured for a wide range of effluents (but at no river sites). Both zinc and iron have
a significant background geological source. The circle in the lower right hand corner of the plots shows the
detection limit.
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Figure 5.14 Map of dissolved and available metal concentrations for lead and copper. Both metals bave
major point source inpuls from Selkirk and Galashiels sewage treatment works,
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Figure 5.16 Pie charts showing breakdown of metals at river sites and in sewage effluent. Circle areas are
proportional to average concentrations. Sewage effluent is plotted at a smaller scale than river sites. The
central circle on the river pie charts shows the size that these pie charts would appear if plotted at the same
scale as the sewage effluent. Selkirk provides the bighest metal load with enbanced levels of copper,
chromium and lead. Galashiels also has a bigh proportion of copper. The high copper input from Seikirk
works impacts downstream metal concentrations.

Table 5.3 Environmenital and drinking water standards in relation o average concentrations for Tweed
river and sewage effluent data. Units are pug F'. The range in EQS values arises because of the dependence
on water bardness. Average concentrations for the Tweed catchment are given as dissolved for river sites
and as available for sewage effluent.

Environmental quality standard Drinking water Tweed average concentrations
Salmoenid species Guide Max Rivers Sewage
(Cyprinid species) (Dissolved) (Available)
Zinc 8-125 (75-500) 100 5000 8.8 78
Lead 4-120 (50-200) 10 50 0.61 16
Nickel 50-200 (50-200) 50 <1 2.8
Iron 1000 50 200 254 483
Chromium 5-50 (150-250) 50 <0.5 15
Copper 1-28 (1-28) ' 100 3000 5 99
Cadmium 5 #5 <05 <0.5
Mercury 1 1 <0.1 <0.1
Arsenic 50 100 50 <5 <5

39



H)C-l ETTRT S §E'_- EY S99 P\ YEoftL ST PICIEE NS TR D BT AR S JELE A Q0w AL 4R Y 3 (LS MWEED AT IPwAM SRODGE
Vonas | Fmge S Vel t D12 Ve Tmeed
w wmserenl WS00T 80 wunswile) [ - TS ST P03y
E: = Pared g 60! Havged 4L é G-CI Hanged 4
< \ S t HY i
Y 2 g -1;- 2l
o o
i by .l-,lﬁ'. 5z e .'.l hp-\ |
. HA Y . . Y
N JL,JLII;'\}..”‘-] Pf'v".\‘- e OL I R A] 'r-/'.AN-
ET 8 ey 59 9+ w2 c3 ¢ %% Y 743 7 e 9¢ ez 91 & 95
6! ETTRICK UK ST /IR SOwvUalL 1oetad3d:s G| STTRICK D¢S STLKwt” 4w fedin) 1850028 S TWEED A™ . ErMal BAIDGE
L1 A Venas Eurcs T Vekes Crira TR aed
- U wesecasrioniy WSO %] emamagan) W22 T wemosa PAIY
3 :-l Fasges 37 Bl aiges o a 3 e s
2 I 5 af % 3
N N g3
2 It i | | ! H] H | '1' T
LN ' l l‘l\ i lH Ny 2] ”'r fl |J li u M iz . \ "
ol l ! 'I\v i i o N n r\. LUL' ,,.'1!.. )
T 88 89 [T T 27 =. % 5 5 z 9T e Y] TR T
108 ETTRICK WS SILQIAK SDW(CSLN| 43 Taga0re 10| £TTRICK DS SELMINK SOWICAAL]) 48573138 WY TWEED AT SRk RIEDGE
- LI Ve sey | Lmome ST Vel Ennge T oagivee Tmeed
) Bl wemvreracaa, wsac: w8 wemomriedie WEUZ w & wamoin =R
f=) o] Memieo-ces o) l Arnge 9. 9% | r. a | Ronge 3 b
P k) : 1T = 9
kS EN ' A
z 4 3 af l || M)
Z | ' H :
@ : . g |
£ b ? l IU i Pyt A
PSS U S O S S A AL fl T R " WY
t; 88 B9 9C 91 37 43 91 55 TS 90 51 %2 T 57 88 3 a0 9% 62 93 53 9%
250! rmc-cp.-ss L LIAK w.s(ConLulcrcaJm'; 250 CTTRICKGOVS STLXIAL v (CaiLn am?J‘.JsE 2521 TWEED ai =0AnAan BRu f-{ tored
2 vae T 137 Yahe b} 1 ae vakes R
E 2:<‘| Y X! IOYT] r-'sx-. 7 2200 et Wz o x-;-; Ve sha. s | Fay9
- » A bl -4
5 3. g.n A & ea +we 9 lsl 2 e e d -t
= < <
T | - i l
3 ol \ % 100 l 2 e Ny A
8 " i \ |l % { Y i
= = 50 ll Y ! ‘ .
i ! I|| } I| J \ " ! “ Tr | I l/.L"U ! W[
ol X :-___. A I
5 3 Cs FE) es L} 89 90 g 52 33 93 85 7 ai HE- ] El 97 S 4 95
100! "'n-c-< U SELeIRs SDYHCoALI 2718300 4 000 ETTROCK DS SELK AK 0 (CoB ' 481 £117% D01 TWEED 47 <. TAHAM GRIDGE
_— M L - TR vanes irocn - AR A YTE
3 SOi ean 7019 58 venisriung VSN2 M AL wenawrycope PRO2S
Et_\ . S0 8 :: . RILCTYE P LH ::, :-I Muoads i
O -y I N
- ol u bt 41
§ = s = Lulp A4 B A S
o B D U B P il el % N NRTNG LN Pridoirmconn
27 -82 6% 90 91 92 93 93 b $2 91 81 95 ‘87 88 12 S0 4 92 93 o o
15 {TTRICK US SELLIRL SDWICa4Lin 47483085 13 ETTRICK O¥S SELXIRS 40w Callin 49572138 15 TWirED &7 .ORVAMBRIDGE
a‘ | 129 Vaney Exas | RIRTIVT Ermh T Ve Tneed
& FAINCEIBICITR: wsr @ P PR w2 ean 3281 ity snap
5 0] '1nen 0 = |3|' Asngra 328 5 0 Aeped.zt
N - ) =
1) H - _-
ER| LR Lo
g S g 3 7 st
b4 b 4 i
' ll | \Jl) 5
s
5 0-| [ .r.&-._.a_fu'.:._._._. & 3!_ Fx’\\ u{f JJ '\ "ll"gi o O 5 Al "«_n/\JLA_»_/u_
T By €7 20 91 37 91 93 o 87 B2 A% ©0 a1 97 93 81 5% 8/ 88 2 B0 41 92 91 3: 5%

Figure 5.17 Time series of dissolved metal concentrations for the Ettrick, upstream and downstream of
Selkirk, and for Norbam, 1987~ 1994, Copper and chromium concentrations are significantly increased
by the input from Selkirk. Zinc concentrations have declined in recent years, but nickel and lead may bave
increased. Horizontal dotted lines show the detection limits,

40



JEDBURGH HNAL EFFLUFNT SELKIRK Hi FLUENT S00| EIGGAR FIAl EFFLUENT
187 Vatan s 5 Ve Eonch 143 Vahoes Separ
T 400 weandzS{601} Moo o emn 127§ 104 EDo02 E 400| wesnivagasy L2002
‘? 200 Punge ¢+ 730 5 e 10 ; 300 Fangs 14124
% o 2 f J 5 o 2 ,WMW £ o J
0 Al 0 " o] o L,
47 83 89 9% 91 92 93 9+ 95 87 "88 @& 90 @1 92 83 9« B 87 68 B9 90 91 32 93 34 9%
400| JEDBURGH FUiAL EFFLUFNT 400] SELOAK ANJL EFFALUENT 400{ BIGGAR FIuAL EFFLUERT
187 Voree ~a 234 Vakas Emxh T0Y Vadews Jup
by 30g| weemrziey) 0001 E 300 MesnTIny) EDO02 O 00{ wemswsn 002
(? Aanga 0. 120 2 Ruge 0 2420 2 Fange 0 40
hrl
s w00 N b * .NL-M 3w
] - " I -
o _rM.mwxj_L ol ! ol oA
B7 88 2% 90 91 92 92 94 3B 87 B4 89 950 9N 92 93 94 95 27 88 8% %O N 32 93 %1 8%

2507 JEDBURGH FINAL EFELUENT 250 SELMIRK FINAL EFFLUEMT 250] HIGGAR FINAL EFFLUENT
- 187 Varms b0 234 Veloos Emnck 1) Vot g
& 200 wessrongen HOOO! = 2000 Wean 7720V ED002 o 2001 weanoriz(0r A2002
< 4 Range 0. 473 - Range €2
é 150 Funge 8 B <§ 150 ~ge 0. & % 150
< < =
3 100 } 100 3 00
2 ] !
w |k |‘J LA || g w
o - Ak M o u Vo ol .
B7 82 89 90 91 92 93 64 9% &7 @8 BY 90 91 sz 91 94 95 B7 88 83 90 91 2 93] 3¢ 95
BOOG! JEDBURSGH FINAL EFFLUL BOOO| SELKIRY FINAL EF+LUENT BOOD] BIGGAR Fuiar EFFLULNT ]
| 1M Vi e 18 veLm Epnck 143 Vaoer Jeoqm
Waas FOT [ 804) HI00 6000] “ean 207010 ED002 T oaon| meraGie 42002

Pangs 370 - 11420

Iron {LgA Avad }
o 8 & 8

0 W—-’M-JMJ,
9¢ 95 B7 88 B9 90 5% 32 93 3¢ 9%

3 oo
: “’”! L i

1
87 68 B9 9 91 92 §3 8% 35 &/ 88 89 90

£00C!  JECALRGH EMNAL EFAUTNT 4000| SELKIAK FINEL EFFLJENT 40007 BIGGAI FINAL EFFLUENT .

- 87 vakas R 239 Takas Emnen 143 Vahas Qg
R ap00] Vet HOC01 53000 wes] 1100 (94} } EDOOZ  § aong] Mesmriecr iy 10002
< Rarge 0 107 « 2. 1y40 < Range 0. 3!

22000 32 Emoo

H ® g !

8 1500 §1ooc 4‘ 1000

(=3 1 o

S 3 i S l

0 = . 0 - o
&7 88 89 50 91 92 93 61 9 &7 83 83 90 91 97 93 o4 9 87 88 £ 50 9 32 03 w9
_.V000] JEDBUAGH FNAL EFFLUENT . 1000  SELKIF FIMgL EF TLUENT _1000]  BUGGAR Fit Az EFFLUFNT
- |1 veaan Jea 256 Vaposs Enpcr = 143 Vaboes Supar
E: BOOI [P L IR T T =001 E 200 wesnFuiin EDO02 2 800 weamzwerodm) ooz
. e 7 a, w00 - . Mmoo X

£ w0 £ w0 L' £ w00

£ E £

o 200 e 200 2 200
5 8 R Nl 3

o — A 0 _ ’ 0l g
&Y B8 8% 3 9N 92 93 34§ 47 88 8% 90 9 g2 91 B 95 a7 83 4% % D 3293 LR 1)

Figure 5.18 Time series of available metal concentrations in sewage effluent, 1987 - 1994. At Selkirk
concentrations are high because of loads from the electronics industry. Here, increasing iron concentra-
tions are due to changes in the treatment process, whilst decreases in chromium are probably linked 10 the
closing of a tannery. Increases in zinc concentrations at Jedburgh are also observed. The spike in iron
concentrations at Jedburgh occurred when a different treatment process was lested for a trial period. Biggar
sewage treatment works receives little industrial effluent and is low in metals.
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Figure 5.19 Changes in copper concentration with
distance downstream. Mean niver flow is shoun for
comparison. Selkirk sewage effluent discharges
between the upstream (U/S) and dounmstream (D/S)
Selkirk sites. Galashiels setvage effluent discharges
between Galafoot and VS of Galashiels. The Entrick
Joins the Tweed between Eltrick foot and Galafoot.
Both Selkirk and Galashiels cause copper concen-
trations lo rise. Comparison of river concentrations
and river flows shotws that the increases seen
doumstream of Selkirk and Galashiels are suffi-
ciently large to also affect concentrations at
Norbam.

Overall, sewage treatment works are the most
significant point source of many metals, although
landfills are a significant source of iron. Copper,
chromium, nickel, lead and iron have industrial
sources and are highest in effluent from larger
towns, notahly Selkirk. Copper and chromium in
the Tweed are overwhelmingly dominated by this
Setkirk discharge. Nickel is very near detection
limits in many rivers. Zinc appears to derive mainly
from background sources, whilst iron and lead
have both background and industrial sources,

5.3 Micro-organic polliutant
substances

Pesticides are analysed by the Tweed RPB using
Capillary Gas Chromatography. Pesticides that are
determined include organochlorine pesticides,
organophosphorus insecticides and triazine
herbicides. Organochlorine insecticides include
substances such as lindane (gamma-HCH),
pentachlorophenol (PCP), DNT and dieldrin and
tend to be highly persistent, bioaccumulating in the
food chain. They have agricultural, forestry and
industrial uses but many have cither been hanned
or have had their use restricted (NRA, 1995).

Organophosphorus insecticides, include dichlorvos
and fenitrothion, which are used to protect crops
against a wide range of insect pests, and
propetamphos and diazinon, which are used in
sheep dips. They are highly toxic but biodegrade
rapidly. The triazine herhicides, e.g. simazine and
atrazine, are used for weed control. They are
relatively non-toxic to man but are toxic to fish and
are persistent. Simazine and atrazine were banned
in 1993, apan from for use in agriculture and
forestry.

For most species sampling began in 1985 or 1990
following the establishment of the North Sea Action
Plan o reduce loads of “red list™ substances. Micro-
organics are analysed at approximately 15 river
quality sites, between three and 12 sewage
treatment works and for a few industrial/tip sites.
some sewage effluent samples are also analysed for
chlorinated volatiles such as carbon tetrachloride
and trichlorobenzene.

The micro-organic concentrations of rivers and
paint source inputs are summarised in Figures

5.20 — 5.21 and Tables 5.4 and 5.5. For the tables,
the micro-organic have been divided into those
detected regularty in the nvers, and those hardly
detected in the rivers. Some of the latter have been
detected in effluents discharged 1o the rivers, even
though levels are very low in the rivers themselves.
For many of the substances, even those which are
regularly detected, concentrations are near (o or
below detection limits for a high proportion of
samples. Because of this, time series plots of micro-
organic concentrations tend to have a very spiky
appearance. Also, average concentrations for a
given site are often less than the detection limit,
even though a significant number of measurements
are at a detectable level. Caution has to be applied
t0 data interpretation in such cases because of the
high uncertainty artached o the averages.

Monitored point source inputs to the Tweed
include sewage treatment works, industrial effluent
and tip effluent. For many micro-organics, sewage
treatment works are the only notable point inputs
and these are highly site and species dependent
because of varations in the industrial loadings to
works. In some cases, the regional maps show how
concentrations at one or two works dominate all
other works (¢.g. PCP, Figure 5.20 and pirimiphos
methyl, Figure 5.21). Higher than average micro-
QIRANic concentrations can occur at Coldstream,
Charlesfield, Hawick, Selkirk and Jedburgh,
depending on the specific substance (see Table
5.4). For example, the maps show how penta-
chlorophenol is dominated by the inputs from
Hawick and Selkirk, whilst diazinon has a large
input at Coldstream. In some cases, only two to
four sewage treatment works have been sampled
so the picture is very limited.
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Micro-onganics which have a more widespread and  Occasional exceedances of the Environmental

uniform occurrence in sewage effluent include Quality Standards for micro-organics have occurred
lindane, dieldrin and atrazine. For these there is over the past six years, most commonly for
probably a non-industrial origin or a background diazinon, dichlorvos and fenitrothion. There have
diffuse source. Note that dieldrin has not been also been some problems relating to specific point
used since the early 1970s and atrazine has been discharges. For example, in the late 1980's macro-
banned from non-agricultural use since 1993, Direct  invertebrate populations below Galashiels sewage
industrial inputs of micro-organics are small. Tips treatment works declined as a result of a synthetic
are sources of a few, mainly dichlorvos, pyrethroid mothproofing agent. Its use within the
fenitrothion, dieldrin and diazinon. Dichlorvos town has since been discontinued. More recently,
seems the most widespread, but no sources of this invertebrate damage occurred downstream of
chemical have been established. Jedburgh caused by organophosphorus chemicals

Table 5.4 Micro-organics found in detectable amounts in river waters.

Determinand Code DetectionLimit  Rivers™ Sewage® Tips™ Use!  Type™  EQS®™
Lindane (ng ") 76 1 0-4.5(50) 10 - 80 (40) A si0,, 100
Pentachlorophenal {ug I'} 92 0.1  0.02-0.037 (<0.2) 55,16 H ID 2
Digtdrin (ng t') 94 1.5 0-1(10) 0-4(15) AlD siO, 10
Diazinon {ng I} 142 5 1-12(150) only 3 sites (C) 100
Atrazine (ng ') 147 10 10 - 140 {1000) 60 - 260 (1000) A swhQ,, 2000
Simazine (ng 1) 148 10 30 - 270 (800) onty 3 sites A shQ, 2000
Dichlorvos (ng ) 149 5 0- 6 (50) only 4 sites AD 0, 1
Fenitrothicn (ng ) 150 5 1.3(20) only 3 sites (C) A o, 10
Malathion (ng |'") 184 5 0-1.5(4) only 3 sites AD si0, 10
Propatamphos {(ng ') 185 5 0-20{100) only 2 sites A

Pirimiphos Methyl (ng I'} 186 5 0-3(80) only 3 sites {Ch) A

A} ]

[14]

)

14

51

For rivers, the range of average valuas Is given. Bracketed values give an approximate upper range (but not the absolute maximum
as outlier points have been excluded).

For sewage, C = Coldstream, Ch = Charlesfield, H = Hawick, Highlighted parts Indicate substantial sources. Either average
concentration for the individual sawage treatment works of significance are given or, where most sewage treatment works contrib-
ute, the range of averages and an approximate upper value,

T = large source, t = small source.

Main use A = agricultural, D = domestic, | = industrial (see NRA, 1895 for further detalls).

0,., 0,,. O, are organo-halogen, organo-nitrogen and organo-phosphorus compounds respectively. 5 = sediment associated
movemant, w = movemaent in solution, i = insecticide, h = herbicide.

Environmental Quality Standards. Note that some of these are proposed standards.

Table 5.5 Micro-organics that are not detected (or hardly detected) in river waters.

Detarminand Code Detectionlimit  Rivers  Sewsge'” Tps Type®
Aldrin (ng I} 78 1 ] . siO,
Carbon tetrachloride (ug 1')* 91 1 * C
Endrin (ng I} 83 05 ) [ [ ] si0,
pp'DDT(ng ") 98 1 * 315+ . 0,
Hexachlorobenzene (ngl”) 135 3 ] 125, 22H+ . 0,
Hexachlorobutadiena (ng ') 136 10 0,
Endosulfan (ng 1) 145 10 2l e ) 0,
PCB (28,52, 101, 118, 138, 153, 180) (ng 1"} 146 10 o}
Azinphos Methyl (ng ) 151 1 . . ] 0,
Trifluralin (ng 1) 152 10 ® L 0,
Chloroform {pg 1")* 153 1.2 c
Trichlorcbanzene {ng }'}* 154 40 . c
1.2 - Dichioroethane (pg 1")* 155 1 . c
Chioranvinphos (ngl") 217 10 [ ] 605,50 Ch
*  denctes substances only measured in sewage effluent
e Sites with occasional spikes abova detection limits. Average concentrations are given where they are above detection limits.
M8 = Sefkirk, H = Hawick, Ch = Chartesfield, J = Jedburgh. + denotes that soma other site{s) are above the detection imit. The entry
in italics marks the fact that only three sites were monitored. Note that only a very few sites were monitored for some other
substances.
@

Q,.0,. O, are organc-halogen, organo-nitrogen and organo-phosphorus compounds respectively. C = chlorinated volatilas, s =
sediment- associated movement, w = movementin soluticn, 1 = insecticide.
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Figure 5.22 Time senies of diazinon concentrations
at four river sites, 1989 - 1994. Concentrations
bave increased on some watercourses.

that were not removed by sewage reatment
processes. The greater dilution available ar the now
relocated outfall seems o have remedied this, but a
recently detected new insecticide {cypermethrin)
could now have an adverse biological effect in the
Teviot.

The regional maps have been used to assess the
broad features of spatial rdvenine varations,
Pentachlorophenol, dieldrin and lindane show a
uniform spatial distribution. Contrastingly, atrazine,
simazine and diazinon are higher in the lowlands,
as are, to a lesser extent, dichlorvos, fenitrothion
and pirimiphos methyl. For these, Leet Water,
Turfford Burn and Eden Water usually have highest
concentrations, whereas the less arable Eddleston
and Gala Water and the lower reaches of the
Tweed are relatively free of micro-organics.
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Figure 5.23 Time series variations for atrazine and
simazine on the Whiteadder and Tweed, 1989 —
19%4.

The elevated levels of some of the micro-organic
pollutants in lowland arable tributaries are prob-
ably the result of widespread and legitimate agri-
cultural applications. Smaller streams and tributanies
in localised areas are likely to experience the
highest concentrations. These will not necessarily
be picked up at the main sampling sites because in
many cases dilution leads to concentrations lower
than detection limits. Samples taken as part of the
sheep dip survey (see Section 2.3) showed rela-
tively high levels of sheep dip chemicals in local
watercourses prior o the programme of education
(1989/90). Afterwards, there was a significant
decline in propetamphos and diazinon concentra-
tions for the tributaries in these areas. Despite
these local improvements, there has been linle
downward trend in either propetamphos or
diazinon at the main river sampling sites.
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Figure 5.24 Time series of dichlortos
concentrations at four river sites, 1989 1994,
Concentrations bave declined but there are no

known sources wilhin the catchment. The dots show

values at the detection limit.

Concentrations of diazinon have increased in Leet
Water and a possible upward trend has been
identified for Eden Water (Figure 5.22). Diazinon
has uses in arable areas and this may explain the
trend since there are few sheep in these two
catchments, particularly the Leet,

The triazines, atrazine and simazine have declined
following the ban on non-agricultural use in 1993
(Figure 5.23). Dieldrin, dichlorvos and trifluralin
concentrations have demonstrated a downward
trend at a severa) (Figure 5.24). A marked decline
in pentachlorophenol concentrations at Hawick
sewage treatment works is the result of mothproof-
ing agents no longer being used (Figure 5.25).
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Figure 5.25 Time series of pentachlorophenol
concenirations in Hawick sewage effluent, 1989 -
1994, Concentrations declined rapidly once the use
of motbhproofing agents was stopped.

Micro~organic concentrations in rivers tend, if
anything, to dilute with flow. Most obvious dilution
relationships are seen for atrazine and simazine; for
the rest the relationship is fairly weak. There may
also be a slight dilution effect for sewage effluent
for some species — but again it is only weak.

Micro-organic loads are highly dependent on
current and historical farming practice and indus-
trial use. In many cases, legislation plays a key role
in controlling use. Future changes connected to
industrial activity are likely to have a rapid impact
on river concentrations, as was seen for
pentachlorophenol at Hawick. Agricultural changes
will probably have a more gradual effect because
of the diffuse nature of these inputs, but it will
depend on the chemical and how it has been used.
There may be significant reservairs of persistent
chemicals in old soakaways and these will compli-
cate predictions of future change.

Overall, micro-organic levels are low for the
Tweed. Pesticide levels tend to be higher in
agricultural areas but on the main rivers they are
well within drinking water quality guidelines

(1 pg I for individual pesticides and 5 pg | in
tatal) and are usually below EQS values.
Nevertheless, net increases in micro-organic levels
have occurred between the headwaters and the
lower Tweed for diazinon, atrazine and simazine,
and to lesser extent for fenitrothion, dichlorvos and
trifluralin. It is not clear 1 what extent industrial
luads (via sewage effluent) are contributing to the
total export of micro-organics; concentrations of
micro-organics are both very low and very variable
and this makes further analysis difficult. However,
it may be that diffuse inputs are the major source of
micro-organics, and that these are reaching the
rivers through legitimate use rather than through
accidents and poor usage. Significant reservoirs of
some persistent chemicals probably exist in old
soakaways and it is passible that inputs from such
sources are substantial relative to current use.
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6 Inputs to the Tweed

6.1 Summary of point source
inputs

Sewage

Sewage treatment works are the most widespread
and significant point sources of many of the
chemicals found in the Tweed waters. Usually they
receive contributions from both domestic and
industrial sources. In larper towns the industrial
contribution may he greater than the domestic
load. Around 87% of sewage treatment works now
meet consents and this proportion is rising (in 1985
only 70% met consents). Incidents of poor gquality
effluent causing serious pollution are rare and have
mainly been caused by high industral loads or
insufficient dilution in the receiving watercourse.

Sewage treatment works receive a substantial
biodegradable load (e.g. from faecal matter and
food pricessing wastes). This results in effluent
which is high in BOD, suspended solids, ammonia,
nitrate, phosphate and chloride. For phospharte
there are additional sources from detergents, In
general, larger works have more stringent consent
standards and produce better quality sewage
effluent, alheit in greater quantities. Higher grade
treatment reduces suspended solids, ammonia,
nitrite and BOD. There are exceptions to this
general statement; for example, at Jedburgh, towl
ammonia and suspended solids are disproportion-
ately high owing to high industrial loadings from
fellmongering.

Heavy metal concentrations are higher in sewage
effluent from the larger towns aurbuted to indus-
trial inputs. This is particularly striking at Selkirk
because of the thrving electronics industry, Selkirk
sewage efflluent dominates paint inputs of copper
and chromium to the Tweed. Nickel, lead and iron
can also be very high in sewage effluent; though
site to site variation is large. In the last ten years,
metal concentrations have changed: nickel and iron
have increased at Selkirk, but copper, chromium
and zinc have decreased; copper has declined at
Galashiels, whilst zinc has increased at Jedburgh,
These changes can be linked to changes in indus-
trial process or raw matenals and to alterations in
effluent treatment.

Sewage effluent is the only significant monitored
point source of many micro-organics. Some micro-
organics are widespread and are detected at most
sewage treatment works (e.g. dieldrin and
atrazine), whilst others are discharged from just a
few (e.g. diazinon and pentachlorophenol). High-
est discharge concentrations are from Selkirk,

Hawick, Coldstream, Charlesfield and Jedburgh.
These have vared over time in response to indus-
trial and legislative changes and to improved
treatment (either at the sewage treatment works or
as parnt of factory processing). For example at
Hawick, pentachlorophenol, a mothproofer which
is no longer used, has declined.

There is usually only a weak relationship between
effluent quality and river flows. Where such a
refationship exists, concentrations typically dilute at
higher flows. This pattern often contrasts with the
niverine flow relationship. The distribution of
species concentrations in ¢efluent also differs from
the rivers, tending to be less skewed.

Landfill sites

Landfill sites in the Tweed area have linde impact
on surface waters. A few localised poor quality
waters are monitored but they are generally on
small ditches and burns. The effect on larger
watercourses is minimal. Although tip effluent
conwins a4 wide range of substances the concentra-
tions are probably not significant in comparison
with effluent from sewage treatment works. Of the
monitored species, suspended solids and iron
levels are most affected by tips. There is evidence
of fairly widespread discharge of micro-organics,
including dichlorvos, fenitrothion, dieldrin and
diazinon,

Industry

Industry in the Tweed hasin is Hmited in terms of
the scale and range of processes. Most industrial
effluent in the area is routed via sewage treatment
works and combined with domestic effluent. This
accounts for the elevated levels of some metal and
micro-organic chemicals found in a number of
sewage cffluents. Of the direct dischargers, 2
patato packaging company, a chemical storage
company, a non-woven cellulose fibre mill and a
vegetable washery have been regularly sampled
during the last decade.

Site 1o site vanations in sewage effluent, panicu-
lurly for metals and micro-organics indicate distine-
tive industrial loadings. Food processing and
textiles are associated with high nutrient loads,
whilst industries such as electronics result in a large
metal load, In general, stricter regulation has led to
improvements in industrial effluent quality. For
example, a Krofta treatment plant installed at
Dexter Nonwovens has improved effluent from this
site.
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Fish farms

Fish farms pose few water quality problems on the
Tweed. Qccasional failure to meet dissolved
oxygen consents is usually a result of high stocking
densities within the unit, often during low flows
and warm weather. Studies of fish farms in other
areas of Scotland have found more serious effects
(Tervet, 1981) due to:

@ reduced river flows following water abstraction;

e pollution (particularly associated with waste
food and faecal material), and

@ disease.

In some cases, farm effluent may form the majority
flow in the watercourse and this can reduce water
quality because of high suspended solids, high
BOD and associated oxygen depletion problems.
Biological effects of accidental fish release and
spread of disease cannot be quantified from the
water quality data that has been examined here.

Fish farms in the Tweed region cause increased
levels of total ammonia, suspended solids, BOD,
phosphate, iron and copper. Dissolved oxygen and,
to a small degree, pH, temperature, nitrate, chlo-
ride, zinc, nickel and lead, all decrease. The ob-
served changes are small relative to average river
water quality but may be significant relative to the
water quality of the intake. Fish farms tend to be
sited where water quality is particularly goad, so an
increase of 2 mg I’ of suspended solids may
represent a doubling relative to the intake. How-
ever, in general, the water quality changes due to
fish farms in the area are small compared to the
effects of sewage treatment works.
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6.2 Summary of diffuse inputs

Almost all determinands have hoth diffuse and
point sources, For some, the diffuse component is
rather more significant in relation to point source
inputs than for others. Basic determinands with the
most notable diffuse sources include nitrate,
phosphate, chloride and sitica. All these determi-
nands show very similar spatial patterns; concentra-
tions are highest in the arable farming region
around Lambden Burn, Leet Water and Leader
Vater and are much lower elsewhere.

Some metals may also have diffuse sources which
provide a significant proportion of riverine levels.
Zinc and iron appear to have the larpest diffuse
component which relates to geological sources.
Copper and lead have lower background inputs,
whilst background levels of nickel and chromium
are heneath detection limits. In all cases there are
point source inputs from sewage treatment works,
although the relative importance varies.

For many of the micro-organic pollutants, data are
too limited or too near detection limits for it to be
possible 10 separate diffuse and point sources.
However, the pattern of higher concentrations,
seen in the lowlands for atrazine, simazine and
diazinon and to a lesser extent for dichlorvos,
fenitrothion and pirimiphos methyl, suggests a
diffuse agricultural source. For pentachlorophenol,
dieldrin and lindane there may again be a diffuse
source but the spatial distribution is much more
even,



7 Taking things further

The analysis detailed in this report represents an given the large data sets which have been
important step towards understanding water quality  analysed. For example, for many point discharges,
at the river basin level. Nevertheless, further there is little or no guantitative information on time

developments are desirable. For example, there isa  varations in volumes of discharges. Even so,

need to examine chemical loads in rivers, as well as  simple loads analysis for the rivers, using existing
average concentrations, and to relate these loads to database information, can be informative. Figure
sources. In many respects, such developments are 7.1 illustrates this. Nitrate loads, average

still hampered by insufficient information, even concentrations and loads per unit area are given for
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Figure 7.1 Nitrate loads for main input tributaries to the Tweed (left column) and for sites along the Tweed
(right column) — all ordered from upstream to downstream. Concentrations, load per unit area of
catchment and catchment areas are also shoum. Areas with bigh nitrate concentrations (Leet and Eden
Waters) do not make the bighest contributions to total loads.



the Tweed and its main tributaries. Although nitrate
concentrations are much higher in the lowland
arable tributaries this represents only a moderate
part of the total nitrate load of the Tweed river.
This is because the high concentrations are offset
by low average runoff, the result of relatively low
rainfall combined with high evaporation, Larger
catchments with high runoff, such as the Teviot
river, contribute substantially to the overall load,
even though concentrations are low, In other
words, lowland areas appear much less important
when loads are considered. At present, monitoring
programmes are heavily focused on rivers with
high concentrations. In future it may be sensible to
revise sampling sites to give higher weighting to a
load based perspective.

One reason for studying water quality is 10 improve
understanding of present-day environmental
processes and to enable better prediction of future
water quality changes. An important component of
the LOIS programme will be to forecast water
quality changes for the next 100 years. Ideally,
these models should be based on a detailed
process-based description of the system. However,
the system is highly complex and it will be
necessary to focus on a few key processes. The
analysis presented here helps with this by
providing a baseline assessment of sources —ie.
whether they are mainly point based or diffuse and
whether diffuse sources are primarily linked to
geology or agriculture. Even so, much information
and many paramcters will be required before the
component processes can be characterised and this
will require additional but highly focused

Nitrate (mg/l N}

N Wb

I
|

Raw Data

monitoring. It will also be necessary 1o specify
scenarios of future change in a way that can be
applied to such models and this may not be simple
because of the qualitative nature of economic and
political information.

One route forward, may be the development of
models of intermediate complexity. For example,
simple empirical regression techniques may provide
a uscful means of obtaining crude predictions
when lack of suitable data prevents use of more
sophisticated models. In Appendix C, an example
of such an analysis is given for nitrate. For this,
simple regional analysis techniques were used to
formally link land use, geology and other factors to
nitrate concentrations. Some potentially relevant
catchment descriptors were not used at this stage
because quantitative information was lacking. The
analysis identified three catchment varables which
together explained most of the nitrate varation.
These were:

® the proportion of mown/grazed land,

® the proporton of tilled land and

@ the proportion of area with a macroporous soil
structure above shallow groundwater.

However, there were close correlations between
many of the catchment properties, and this means
that other combinations of variables could also
explain the nitrate patterns. This uncertainty may
be serious in relation to the reliability of fuwre
predictions, Nevertheless such an approach, though
simplistic, is one means of obtaining a

best-estimate of future change.

Smoothed Data

"
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Figure 7.2 Time series of nitrate concentrations for the Tweed above Galafoot for the years 1957 — 1995,
The top graph shows the full data series. The lower graph shows three smoothed measures of change: the
stepped curve shows the annual average concentration; the two curved lines show locally weighted
smoothed averages highlighting (a) long-term changes (b) seasonal variations.
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Whatever modelling approach is used, there will
inevitably be a high level of uncertainty. Part of this
will relate to structural inaccuracies in the models,
1o missing or misrepresented processes, and to
unknown or ill-defined parameters. An even higher
degree of uncertainty will result from highly
speculative scenarios. However, there are other
ways in which it may be possible 1o improve the
modelling of change. One will be to make fuller
use of information from the past. In this report, 10
years of data records have been used, but records
for this area extend much further back. The
difficulty is that, as yet, they are only stored in
paper format. The single excepton to this is a 40
year record for a site at Tweed above Galafoot.
This highly informative data shows how water
quality has changed over the years, e.g. it

demonstrates that nitrate has increased over this
period Figure 7.2, If this rype of information can be
linked to the land use changes that are known,
then this must surely improve our ability to model
into the future,

Whilst predictive models are useful for the
purposes of environmental management decisions
and guidelines, they can never substitute for
monitoring programs no matter how well the
functioning of the environment is thought to be
understoocd. The two aspects must in fact
complement each other. For the future, the
interplay between applied monitoring, focused
process studies, utilisation of historical records, and
basin scale modelling must be extended and
strengthened.
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8 Conclusions

The Tweed catchment area is 2 complex and
variable system, even though the rvers are clean
and the region is largely rural. The wide variety of
determinands which have been measured exhibit a
specirum of regional responses. Inputs range from
point sources, such as sewage discharges (e.g.
pentachlorophenol), o diffuse sources, linked
either 1o agricultural practice (e.g. nitrate) or to the
underlying geology (e.g. iron). Many determinands
show regional patterns arising from a combination
of these sources (e.g. zinc and phosphate). Further
variations arise because point source inputs can be
widespread across the whole region (e.g. phos-
phate) or may be limited o localised industrial
activities (e.g. copper). Where determinands have a
major industrial source, there can be additional
changes through time in response to improved
treatment facilities, changing legislation, or changes
in the industial market.

The Tweed river system is in many regards a
closely managed system. Regulation is enacted by
the Tweed RPB, for example by monitoring for
compliance of sewage and industrial discharges
and by inspecting and advising on farm practices.
Changes in legislation have the potential to affect
many aspects of water quality, cither where specific
chemicals are banned or restricted, or where
compliance with consents becomes enforceable.
Many future changes in the river water quality of
the Tweed may well be the resuit of political
moves rather than natural causes such as climate
change. Nevertheless, it is ¢ritical that the basic
scientific processes affecting water quality are
understood.

Effective presentation of the data is invaluable in
highlighting the varying characteristics of the
different chemical species present in the Tweed
watercourses. It provides insights into dominant
processes governing water quality and into the
relative impontance of point and diffuse input
sources. Such an approach is an essential prerequi-
site for more detailed studies of both rural and
industrial catchments.

The data collected by the Tweed River Purification
Board constitute an extensive resource with much
potential for scientific study and use in environ-
mental management. With over half a million
measurements spread across more than a hundred
sampling sites, these data provide a major base on
which to build a detailed understanding of water
quality variations at the regional scale, It is impor-
tant that sampling should continue at a similar
level, although the focus of the programme may
change over time in the light of improved under-
standing.

The analysis of the Tweed RPB data provides a
prime exampte of the value of fully examining data
from extensive water quality monitoring pro-
grammes. Fundamental to the analysis has been the
effective use of data presentation techniques, e.g.
regional concentration maps used in conjunction
with compact time series plots. Patterns which have
not previously been discerned from raw data and
report tables become obvious once clearly pre-
sented. Data from other similar water quality
monitoring programmes have not yet been ex-
ploited to the full; for many there is a wealth of
information that has yet to be accessed. The
techniques presented here provide one means of
exploiting such information.
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Appendix A

Appendix A: tables of average

concentrations

The tables give averages of data for sites where
more than 10 samples have been collected between
the years 1985 and 1994, For some determinands, a
few points with very high and rather improbable
values have been excluded. The value above which
points have been excluded is shown as a cutoff
vaiue. The total number of samples and the
number which were removed are also shown.
Mean, median and trimmed mean values have been

Al

calculated. The trimmed mean is the mean of
values after the top and bottom 5% of values have
been removed. It is 2 more robust estimate of the
mean when there are possible outlier values. The 5
and 95 percentiles of the data are shown, these
give an idea of the typical range of the data. For
each site, 4 timmed mean has been calculated and
the maximum, minimum and median of these site
means are shown.



Appendix A

PH (2

River Sewags Industry Fish Fish Landfill

Inlst Qutiet Sites

Mean 78 72 75 75 73 74
Mean (irimmed) 78 72 74 75 73 14
Median 78 72 74 75 73 7.3
5 Percentite 71 6.7 66 70O 69 6.7
85 Percantile a7 78 89 8.4 79 8.1
Site Averaga’ Min 73 66 T2 73 71 &7
Site Average. Median 79 72 74 74 73 74
Site Average: Max 82 80 78 77 76 81
Cutoff Value 10 10 10
No. Measurements 5807 5177 245 396 751 1434
No. Excluded 0 1 0 1 0 0

Suspended Solids (mg1') (4) Detection Limit=1

River Sewage Industry Fish Fish Landfill
inlet Outiet Sites

Mean 10.3 5 239 37 48 214
Maan {trimmed) 49 44 16 27 37 136
Madian 3.0 3 ¥s 20 30 60
5 Percentile 1.0 9 5 10 10 10
95 Percentile a0 136 1058 102 %15 1028
Site Average’ Min 16 12 21 18 26 29
Site Average: Maedian 55 45 358 26 37 85
Site Average: Max 168 17 2539 42 56 1731
Cutoff Value 1000 400

No. Measuroments 5669 5266 258 397 751 1434

No. Excluded 0 3 ¢ 0 0 8

BOD (mg 1) (5): Detaction Lim=0.5

River Sewage Industry Flsh Figh Landfll
Inlet Outiet Sites
Moan 21 568 27 16 21 59
Mean {trimmad) 20 463 19 16 20 30
Median 19 260 15 16 20 18
5 Percentile 10 5.0 6 09 10 09
g5 Percenlie 37 2280 74 27 35 200
Site Average Min 1.3 53 14 14 17 12
Site Average Median 20 408 53 16 19 18
Site Average: Max 54 2757 108 tg8 27 1060
Cutol Value 25 600

No.Measurements 5718 5252 212 397 751 1435
No. Excluded 4 3 0 0 0 0

Temperature (c) (n

River Sewage Industry Fish Fish Landfiit
Inlet Outlet Slies

Mean 94 99 98 34
Mean {trimmed) 93 98 98 83
Med:an 80 95 65 80
5 Percentile 20 30 30 30
95 Percentile 175 180 1170 150
Site Average. Min 18-} 93 93 64
Site Average: Median 92 g8 97 83
Site Average Max 105 102 104 108
Cutolf Value 0

No Measurements 5725 403 766 1427
No. Excluded 1 0 0 0

Dissolved Oxygen (mg1') (8): Detection Limit=0.2

River Sewage Indusiry Fish Fish Landfill
Inlet Qutiet Sites

Mean 1o 10.7 94 a4
Mean (trimmed) 1ne 106 64 88
Median 1o 106 04 986
5 Percentile 81 90 68 03
95 Parcentile 137 123 119 121
Site Average Min 93 102 83 00
Sile Average Median 109 107 93 99
Sito Average Max 122 108 110 111
Cutoff Value 250

No Measurements 5715 403 767 1426
No. Excluded 2 0 o] 0

Dissolved Oxygen (% sat) (9)

Mean 95 94 B2 AR
Mean {irmmed) 94 B4 B2 32
Madian 93 8 az 836
5 Percentile 73 83 65 26
95 Parcentiky 126 105 98 980
Site Average: Min a0 89 73 05
Site Average Median 94 94 a2 844
Site Average: Max 108 95 96 924
Cutofl Value

No Measurements 5714 403 767 1426
No. Excluded 0 0 0 0

Total Ammonia img ' N) (11): Detection Limit=0.01

River Sewagelindustry Fish  Fish Landfill
Inlst Qutiet Sites

Mean 013 1277 232 006 017 43
Mean (trimmed) 003 1161 208 006 016 1.7
Median 008 790 08B0 006 015 01
5 Parcentile 002 074 032 001 003 0O
95 Parcentite 03 3852 815 014 038 245
Site Average Min 004 O0B3 019 004 Q05 QO
Site Average Median 009 1082 224 005 Q15 02
Site Average: Max 076 3994 419 009 024 0S5
Cutoff valuo 4 75

No. Measurements 6150 5260 73 297 751 1435
No. Excluded 3 5 0 0 0 ¥

Albuminold N (mgt' N (12): Detection Limit=0.1

River Sewage Industry Fish Fish Landfill
Intet Outiet Sites

Mean 345
Mean (tnmmed) 332
Median 33
5 Percentile 0.70
95 Percentile 690
Site Average Min 043
Site Average Medan 3.40
Sile Average Max 6.18
Cutoff value 30

No Measurements 1127

No Excluded 3

Nitrite (mg ' N} (13)- Detection Limit=0.01

River Sawage Industry Flsh Fish Landfil
Inlet Outiet Sies

Mean 002 053
Mean (tnmmed) 0014 041
Median 001 030
5Parcentilg 000 000
95 Parcentile 005 189
Site Average’ Min 000 010
Sile Average Median 002 035
Site Average. Max go2 137
Cutoff Value 10

No Measuraments 553 3808

No Excluded a 2

Nitrate (mg 1" Nj (14): Detection Limit=0.1

River Sewage Industry Fish Fish Landfill
Inlet Outiet Sites
Maan 39 88 18 06 07 38
Mean (irmmed) 34 79 1.4 06 06 34
Median 23 69 1.4 05 05 28
5 Percentila 06 05 04 02 02 04
95 Percentile 1T 241 41 19 17 99
Site Avetage Min a5 06 1.0 03 03 04
Site Average. Median 30 67 12 05 05 34
Site Average Max 315 324 18 12 12 112
Cutoff Value
No. Measurements 6114 3886 72 397 751 1435
No. Excluded 0 0 0 o] 0 0
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Chlaride (mg 1) (15): Detaction Limite1
River Sewsage Industry Fish Fish Landfl

Inlet Outiet Sites
Maan 25 119 53 8¢ 86 57
Mean (trimmed) 23 84 45 77 84 &0
Median 20 64 40 70 70 24
5 Percentie -] 29 17 50 50 n
95 Porcentie &2 434 114 145 145 248
Site Average. Min 7 0 2 62 61 12
Site Average: Median 22 69 35 64 67 25
Sde Average: Max 712 &B8 10 126 124 483
Cutoft Value 200 X0 750
No Mseasurements 5708 5174 63 397 751 1434
No. Excduded 2 0 0 0 0 2

Soluble Phosphate (mg ' Py (17): Detecuon Limit=0.01

River Sewageindustry Fiah Fiah Landfill

Inlst Outist Sites
Mean 003 385 144 003 004 020
Mean (trimmeod) 007 35 061 002 004 021
Median 005 331 D44 002 003 018
5Percentile 001 061 002 001 00t 005
95 Percentile 000 918 196 008 010 052
Site Average Min 002 141 059 002 002 O2v

Site Average: Median 007 444 098 003 004 020

Site Average. Max 051 WX 1,7 003 005 o021
Cutoft value 15

No. Measurements 5884 1911 43 397 7150 1"
No Excluded 9 0 0 0 o 0

Total Phosphate (mgt' P} (18} Detection Limit=0.01

River Sewage Industry Fish Fish Landfill

Inlet Qutist Sitea

Mean 019 56 003 014
Mean (thmmed) 016 53 008 013
Median 013 50 007 o1
5 Percentile o005 15 003 004
a5 Percentile 055 111 020 03
Site Average Min 007 29 007 007
Site Average. Median 015 51 008 012
Site Average Max 104 94 Q10 017
Cutolf value 2

No. Measurements 2868 965 350 597
No. Excluded 4 0 o] 0

Sllica (mg 1" Si) (58): Detection Limit=0.2

River Sswage Industry Fish Figh Landfil

Inlet Outist Sitea

Mean 24
Mean (tnmmed) 24
Median 24
5 Percentile 04
85 Percantile 49
Site Average Min 10
Sile Average Median 23
Site Average Max 56
Cutoff Value 12

No Measurements 4624

No. Excluded 1

Conductivity (us cm') (61): Detection Limit=10
Rivar Ssewage Industry Fish Fish Landfil

inlet Qutiet Sltes

Mean 352 644 121 130 583
Mean (rimmed) 338 630 119 128 485
Median 306 S64 103 107 364
5 Parcentile 108 01 76 | m
95 Percentile 782 168 195 214 1910
Site Avarage: Min 90 630 83 85 169
Site Average. Median 320 630 97 100 448
Site Average: Max 218 ] 630 180 193 3953
Cutoft vValue

No. Measurements 5790 31 397 751 1435
No. Excluded 0 0 0 0 0

Appendix A

Zin¢ (ug1 avaiabie) (101); Detection Limit=5

River Sewage Industry Fish Fish Landfil
Inlet Qullet Sltes

Mean 78 30 7
Mean {timmed) 68 14 4
Median 60 2 o]
5 Pearcentie 15 0 ]
95 Parcentile 180 158 x
Site Average: Min 18 3 4]
Site Average: Median 0 B4 4
Site Average. Max 225 1685 B6
Cutofl Vatue 1500 500 200
No. Measurements 3848 123 648
No. Excluced 2 1 16

ZIne (g dissotved) (108): Detaction Limit=0.8

River Sewage Industry Fish Fish Landfif
tnlet Cutlet Sites

Mean a8 41 769 108 108 153
Maean (inmmed) 68 38 50.3 8.0 83 121
Madran 47 34 29 50 5.0 77
5 Percentle 08 10 k¥4 00 00 00
95 Percantie 20 92 35 452 371 558
Sile Avaraga Min 24 25 i56 75 65 71
Site Average. Median 94 32 321 98 86 127
Site Average Max 200 & 2286 139 135 384
Cutoft value 2000 200
No Measurements 1196 451 148 120 180 1237
No. Excluded 0 0 1 1 9] 6
ZINe (ug!1" 1otaf) {165): Detection Limit-0.8
River Sewage ndustry Fish Fish Landfin
Inlet Cutiet Sites
Mean e 78 50
Mean (trimmed) 65 13 44
Mechan 46 67 42
5 Percentile 11 29 12
95 Percentde 247 162 98
Site Avorage Min 20 47 44
Site Average: Median 78 62 44
Site Average Max 17.4 107 44
Cutoll Value
No Measurements 1010 535 32
No. Excluded 0 0 0

Lead (yg 1" avadable) {102): Detection Limit«10

River Sewage Industry Fish Fish Landfill
Inlet Outlet Sites

Mean 16 7 03
Mean (remmed) " 2 0.0
Madian 0 o} 00
5Percantie 0 0 0.0
95 Percentile 70 45 00
Site Average: Min ) 1 0.0
Site Average Median 7 19 0.0
Sue Average: Max 90 b 53
Cutoff Valua 400 200 100
No Measurements 3848 123 648
Ng. Excluded 7 0 2
Lead (49! ' dissoived) {109): Detection Limit=0.4
River Sewage Industry Flsh Fish Landfill
Inlet Outiet Sites
Mean 06 118 15 01 00 04
Mean (thmmed) 05 79 11 00 00 03
Meadian 05 0.0 08 00 00 00
5 Percentile 00 00 00 00 00 00
95 Percentile 21 500 58 00 00 18
Site Avarage Min 02 [+14} 06 00 00 0D
Site Average. Median 06 07 15 00 00 03
Sie Average. Max 10 2486 21 00 00 07
Cutoff valua 50 4 4 4
No. Measurements 1169 556 148 120 180 1238
No. Excluded 0 0 1 1 0 B
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Lead (g1 total) (168): Detection Limit=0.4
River Sewage Industry Fish Figh Lanctill

Intgt Outist Sites
Mean 12 90 80 06
Mean (trimmed) 11 25 07 00
Median 1.0 00 00 00
5 Percentile 00 00 00 00
95 Parcentie 32 510 291 00
Site Average: Min 07 00 00 00
Slte Average: Median [ 00 257 00
Site Average: Max 1.7 1045 514 63
Cutoff Value
No. Measurements 606 3253 123 648
No. Excluded 0 0 0 0

Carbon (ug!' available) {103): Detection Limit=5

River Sewage Industry Fish Fish Landfil
Inlst Outiet Sites

Maan
Maan (trimmed)
Median
5 Parcantile
95 Percentile
Sita Average: Min
Sita Average. Median
Site Average: Max
Cutoff Value
No. Measurernents
No. Excluded

co

QOoOOO0ODO00CO

g

Og OO000QCO0O0O

08 [=N=Y=Nol Qo

(=]

Carbon (pg!' diasoivad) (110): Detection Limil«0.5

River Sewage Industry Fish  Fish Landfll
Inlat  Outiet Sites

Mean 00 4] 13 oo 0.0 00
Maan (trimmed) 00 0 02 00 00 00
Madian 00 0 00 oo 00 00
5 Percentila 00 0 0o 00 00 00
95 Percentile 01 0 22 00 00 0.1
Site Average; Min 00 0 00 00 00 Q0
Site Average: Median 00 4] 05 00 00 0o
Site Average: Max oo 4] 1.7 0.0 00 0.1
Cutoft Value

No. Measurements 1176 556 147 120 180 1238
No. Excluded 0 1} 1} 0 0 0

Carbon (g1 oty {167); Detection Limit = 0.5

River Sewage Industry Fish Flsh Landfik
inlst Outiet Sites

Mean 02 az 9.1 03
Maan (rimened) 01 18 06 02
Median 00 0o 00 00
5 Percentile 00 00 00 00
95 Percentile 09 176 47 14
Site Average: Min 00 00 01 Qo
Site Average: Median 0.1 00 09 01
Site Average. Max 06 60 18 23
Cutoff value

No. Measurements 1473 337 147 1238
No. Excluded 4] ] 0 0

Nicke! {;g 1" available} (104): Detection Limit=10

Rivar Sewageindustry Fish Fish Landflll
Intet Outiet Sites

Mean
Megan (trimmed)
Modlan
5 Parcentile
B85 Percentila
Site Averaga: Min
Site Average: Median
Site Averege Max
Cutofl Value
No. Maasurements
No. Excluded

-
POOODO =W

-
—ESAODDOOO—-

4

0

0

0
X
0
12
24
100
123
1

R

Nicke! (ug 1" dissolved) (111): Detection Limit=1

River Sewage Inclustry Fish Fish Lancfill
Intst Outiet Sites

Mean 0 19 32 0 0 1
Mean {trimmed) 0 10 16 0 0 1
Median 0 0 3 0 1] 0
5 Percantile 0 0 0 0 0 0
95 Percentile 2 98 201 1 0 4
Site Average: Min [ 0 1 Q 0 0
Site Average. Median 0 0 3 0 0 1
Site Average: Max 2 36 148 1 1 T
Culoff value

No. Measurements 854 585 148 120 180 1238
No. Excluded 0 0 0 0 0 0

Nickel (ug ! total) (168): Detection Limite5

Rlvar Sewage Industry Flgh Fish Landfi%
Inlet Qutiet Shes

Maan
Mean (trimmed)
Median
5 Percentile
95 Percantile
Site Avetage: Min
Site Average: Madian
Site Average. Max
Cutofl value
No. Measuremands 338
No. Excluded 0

O0oOoMNMOoCDOoOQ

tron (ug1' avallable) (105): Detection Limt=20

River Sewage Industry Fish Fish Langfill

Inist Cutiet Sites

Mean 483 225 3578
Mean (trimmed) 362 58 2474
Median 297 50 400
5 Percentle 70 10 39
95 Percanlile 1409 334 19012
Site Avarage: Min 74 49 66
Site Average: Median a9 1901 440
Sie Average: Max 1736 3754 19545
Cutofl Value 8000 5000

No. Measurements 3401 123 648
No. Excluded 7 14 0

lron {ug!' dissotved) (112): Detection Limite20

River Sewageindustry Fish  Fish Landfit
Intat Cutiat Sites
Mean 54 115 62 76 112
Mean (rimmed) 45 S8 54 66 a8
Median 40 80 44 82 58
5 Percentia 7 k3| 7 10 9
95 Percentile 125 298 171 246 382
Site Average: Min 46 50 17 2 16
Site Average: Median 46 ne 54 91 86
Site Average: Max 49 136 131 113 278
Cutoff value 1500
No Measurements 365 556 120 180 114
No Excluded 0 6 0 0 0

Iron as Fe (ug!* total) {169): Detection Limdt = 20

River Sewage industry Fish Flsh Lancfil
Inlet Outiet Sites

Mean 219
Mean (trimmed) 164
Medium 12
5 Percentdo 38
95 Parcontile a1

Site Average: Min 154
Site Aversge: Median 160
Site Average Max 205

Cutoft value
No. Measuremems 338
No. Excluded [
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Copper (gt avaiiabie) (108): Detaction Limit=5
River Sewageincustry Fish  Fish Lancfi

Inlet Outiet Sites

Maan 99 9 4
Maan (trimmed) 50 6 2
Meadan 22 0 /]
5 Purcentile 0 0 o
G5 Percentile 640 57 16
Site Average: Min 4 3 0
Site Average: Median A 20 1
Sie Average; Max 895 ar 51
Cutofl Vatue 4000 100

Number Measurements 3853 123 648
Number Exciuded 6 1 0

Copper (ug ' dissotved) (113}: Detection Limit=0.1

River Sewage!ndustry Fish Flsh Landfil
Inlet Outiet Sites
Moan 40 2449 175 30 a7 40
Mean (rimmed) 33 A75 114 2.7 34 3s
Madign 28 100 58 20 30 a0
5 Percentile 07 00 1.1 00 00 05
95 Percantile 101 8738 679 80 90 15
Site Average: Min 1.6 35 42 27 25 24
Site Average. Median o 1107 71 28 37 37
Site Average: Max 106 5101 633 33 42 8%
Cutoff value 300 o} 20 50
No. Measurements 1431 639 148 120 180 1238
No. Excluged 0 Q 1 ) 1 1
Copper (191" ww) (170): Detecton Limit=0.1
River Sewage Industry Fish Flgh Landfil
Inlet Qutiet Sites
Mean 5.4
Mean (trimmad) 45
Median 36
5 Percentile 1.1
85 Parceniile 143
Site Average: Min 25
Site Average: Median 42
Sile Average Max 176
Cutoff Value 60
No. Measuremants 595
No. Excluded 1

Chromium (1 avaitable) {107): Dataction Limita10

River Sewage Industry Fish Fish Landfil

Inlat Outlet Sitag

Msaan 15 ¢}
Mean (trimvmad) 3 0 0
Median 0 0 0
5 Percentile 0 0 0
95 Percentile 76 21 0
Site Average Min [} 0 0
Site Average Median 0 21 0
Site Average. Max 161 2 6
Cutoft Value 1000 200

No. Measurements 3849 123 648
No. Excluded 4 1 o)

Chromium (g ' gissotved) (114): Datection Limite0.5

River Sewage Industry Fish Fish Landfil

Inlet Outiet Sites

Mean 03 448 1.0 0 0 03
Maan (irnmmed) 02 29 06 0 0 02
Median 00 0 00 0 0 00
5 Percentile 00 0 00 0 0 00
95 Percentile 1.0 247 43 0 0 14
Site Average Min 00 0 0.1 0 0 00
Site Average Median 02 0 o8 0 0 01
Sita Average Max 13 98 18 0 0 23
Cutofl Value 50 1 1

No. Measurements 851 634 147 120 180 1238
No. Excluded 0 4] 1 0 0 0

Appendix A

Chromium (gt wian (171): Detection Limit=0.5
River Sewage Industry Fish Fish Landfil

Indst Outtet Sites

Mean 08
Mean {trimmed) 06
Mectian 06
5 Percentile Q0
95 Percentile 22
Site Average: Min 04
Site Average. Median 05
Sde Average. Max 0.7
Cutofl vatue

No. Meaasuraments 334
No Excluded 1]

Mercury (pg 1) (89): Detection Lindt=0.1
River Sewage Industry Fish Flsh Landfil

Inlet Outist Sites
Mean 00 01 0.1 0.1
Maan (trmmed) 00 00 0.1 0.1
Median 0.0 00 00 01
5 Percentie 00 0.0 00 00
95 Parcentilp 0.2 03 04 05
Site Average: Min 00 00 00 00
Site Average: Median 00 00 01 0.1
Site Average Max 01 01 0.1 03
Cutoft value 1 1.2 2 1
No Measurements 772 983 148 78
No Excluded 4 2 1 1

Arsenic (g1 (90): Detection Limit=5

River Sewsge Industry Fish Fish Landfill
Inlet Outiet Sites

Mean 03 10 23 23
Mean (tnmmed) 02 06 1.6 18
Median 00 00 0.1 05
5 Parcantile 00 [o10] 0.1 0.0
95 Percanlila 16 38 101 13.2
Sue Average Min 01 0.0 PR ] 0.4
Sile Average. Mechan 02 06 0.4 0s
Site Average Max 07 57 73 8.1
Cutoft value 50

No. Measuremenis 333 g8z 133 78
No Exctuged 0 t 0 0

Arsenic g1’ dissoived) (183); Detection Limita5s

River Sewage Industry Fish Flgh Lancfill

Inlet Outiat Sftes
Mean 03 90
Meaan (trimmed) 01 43
Median 00 0.0
5 Percentle 00 0.0
95 Percentile 20 738
Site Average: Min 0.1 [¢X]
Site Average: Median 02 03
Site Averpge: Max 02 68.1
Cutoff Value
No Measurements 224 420
No.Exciuded 0 0

Lindane (ng 1) (78): Detection Limit-1
River Sewsge Industry Flsh Flsh Landfill

Inlet Outist Sites
Mean 30 23 603 57
Mean {thmmed) 24 19 ara 41
Median 20 17 120 20
5 Parcenlite 00 c 00 0.0
95 Percentile 93 66 285.7 210
Site Average: Min 04 6 25 27
Site Average: Median 24 22 369 59
Site Average: Max 51 29 398.0 93
Cutoff Value S0 400 1000
No. Measurements 986 515 169 78
No Excluded 6 6 14 0

AS
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Pentachlorophenol (g 1') (92): Detection Limi-0.01

River Sewage Industry Fish Flsh Landfilt

Dichlorvos (ngi'){149): Detection Limita5

River Sewsage Industry Fish Fish Landfill

Inlet Qutiet Sites

Mean 002 042 o4 oD4
Mean (tnmmed) D0z 014 015 oo3
Median 001 005 004 002
5 Parcentile 000 000 000 000
95 Parcentile 008 165 2 on
Sile Average Min 000 001 003 003
Site Average Median 002 007 009 0.04
Site Average Max 003 106 158 006
Cutoft Valus 20 20

No Measuromeonts 658 524 172 78
No. Excluded 0 11 & 0

Dleldrin (ng1') (54): Detection Limita1

River Sewage Industry Fish Fish Landfill

Inlet Dutlet Sites

Mean OB 26 109 17
Mean (trimmed) 0S 21 35 13
Megian 00 o] 4] 00 00
5 Percentile 00 00 (¢]4] 00
95 Percentle 40 107 535 82
Site Average. Min 01 05 03 07
Sita Average Mechan 05 23 20 10
Site Average Max 13 41 54 4 51
Cutoff Value 15 200 5000

No. Measurements 672 510 175 78
No. Excluded 1 2 1 0

Diazinon (ng 1') {142): Detection Limit=5

River SewagQe Industry Fish Fish Landhil

Inlet Qutiet Sites
25

Mean 1 21 23

Mean (Inmmed) 6 15 12 2
Meadian 0 0 7 13
5 Percentile 0 0 0 0
95 Percentile 64 105 80 112
Site Average Min o 6 7 22
Site Avarage Median 5 8 10 22
Site Average: Max 67 40 90 22
Cutoff Value 200 500 200
No. Measurements 634 105 127 25
No. Excluded 8 1 0 0

Atrazine (ng 1) (147): Detection Limit=10

River Sewage Industry Fish Fish Landfil

Inlet Qutiet Sites

Meaan 45 108 1440 16
Mean (trimmed) 19 76 162 16
Median 0 o} 13 13
5Porcantle 0 0 4} 0
95 Parcentile 23 505 2340 42
Site Average Min 0 20 20 16
Site Average. Median 15 69 109 16
Stte Average Max 77 263 13323 16
Cutoft value 2000 1000 50000

No Measuremants 660 336 129 19
No. Excluged 1 1 4 0

Simazine (ng1 1) (148): Detection Limit=10

River Sewage Industry Fish Fish Landfill

Intet Qutlet Sites

Mean 86 113 10278 776
Mean (trimmed) 59 B0 2369 776
Median 15 0 105 664
5 Parcentila 1] 0 0 92
95 Parcentile 454 710 63080 1565
Site Average. Min 2 ot 113 176
Site Average. Median 59 39 236 176
Site Average Max 182 239 78539 776
Cutoft Value 1000 100G

No.Measurements 656 140 117 13
No. Excluded 2 0 0 0

Mean 2 2 16 7
Mean (thmmed) 1 ) g9 5
Magian 0 0 0 o]
5 Percenlile 0 o} ¢] 0
95 Parcentile 20 18 142 25
Site Average Min 0 1 3 3
Site Average. Median 1 1] 4 7
Site Averaga Max 3 2 58 1
Culotf Value 100 100 400 100
No Measurements 667 137 142 78
No Excluded 4 3 2 2

Intet Qutiet Sites

Fenitrothion ing 1') (150): Detection Limie5

River Sewage Industry Fish Figh Langfill
Intat Outiet Sies

Mean 2 144 02 49
Mean {Inmmed) 0 45 72 2.7
Median 0 0 0 0
5 Percentde 0 0 0 0
95 Percantile 13 805 1676 228
Site Average Min 0 1 1 12
Sile Avorage Median 1 44 46 2.2
Site Average. Max 3 117 1572 137
Cutofl value 100 10000 70
No Measurermnents 665 10 139 78
No Excluded 1 0 3 1

Malathion (ng '} {184} Detection Limit=5

Mean

Mean {trimmed)
Median
5Percentile

95 Percentde

Site Averaga Min
Site Avarage. Median
Sile Average Max
Cutoff value

No Measuremenis
No Excluded

592

River Sewage Industry Fish Flsh Landflll
inlet Qutiet Sites

AOOOOCOOWmM
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1
0
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1
1
1
1
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n
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Propetamphos (ng1') (185): Detection LimiteS

Rivar Sewage Industry Fish Fish Lanctill

Inlet Outlet Sites
Mean 9 3 "
Mean (tnmmed) S 1 9
Median 0 0 0
§ Percentile 0 0 0
95 Percentila 50 20 45
Site Avarage Min 1 1 5
Sie Avarage Median 4 2 8
Site Average Max 70 2 12
Cutoff Value 200 200 200
No Mesgsurements 441 68 76
No Excluded 9 1 1

Pirimiphos Methyl (ng 1) (186): Detection Limit5

Mean

Mean (trimmed)
Meadian

5 Percentia

95 Parcentide

Site Average. Min
Site Averaga. Median
Site Average. Max
Cutoff value

No Measurements
No Excluded
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Aldrin (ag 1" (78): Detection Limit-1

River Sewage industry Flah Fish Landfil
Inlst Qutiet Sltes

Mean 0 08 386 o}
Mean (trmmed) 0 00 30 0
Madian 0 00 0 0
5 Percentile 0 00 0 [}
95 Percentile 0 00 656 0
Sile Average: Min 0 00 0 0
Suie Average: Median o} 0.0 01 b}
Site Average. Max 0 14 1342 0
Cutof! vatue

No. Measurements 348 335 118 78
No. Exctuded 0 0 0 1}

Carbontetrachloride (g1 (91): Detection Limit=1

River Sewage Industry Fish Flsh Landfill
Inlet Cutiet Sites
Maan
Maan (trimmed)
Median

5 Percentie

95 Parcentile

Site Average Min
Site Average Medan
Site Average. Max
Cutoft Value

No. Measurements
No. Excluded

N
[
oW 0000 QLOO

Endrin (ng!°) (93): Detection Limit=0.5

River Sewage Industry Fish Fish Landfll
Inlet Outiet Sites

Mean 00 01 49 o
Mean (trimmed) 00 00 00 00
Median 00 00 00 [1]4]
5Percenlilg 00 00 00 00
95 Percentile 00 00 00 00
Site Average Min 00 00 00 00
Site Average Median 0o 00 00 [1X4]
Site Average Max 00 03 19 0.4
Cutoff value

No. Measurements 350 325 119 78
No. Excluded 0 0 0 0

PP’ DDT (ng1') (38) Detection Limite

Alver Sewage Industry Figh Fish Landfill

Inlet Cutiet Sles
Mean o1 62 25 04
Mean (trimmed) 00 04 47 01
Median 00 00 00 00
5 Percantile ao 00 00 00
95 Parcantiie 00 18 125 12
Site Average Min Q0 01 00 00
Site Averege Medan 00 0s 02 Q1
Site Avarage Max 05 203 670 09
Cutoft Value
No. Measurements 347 K72 19 78
No. Excluded 0 0 0 0

Hexachlarobenzene (ng ') (135): Detection Limite3

River Sewage Indusiry Flsh Fish Landfil

Inlet Outist Sites

Mean 0 5 236 2
Mean (trimmad) 0 2 38 1
Median 0 0 0 0
5Percentile 0 0 1} 0
95 Percentile 0 2 965 12
Sile Average: Min 0 [} 0 0
Site Average Median 0 0 3 2
Site Average. Max 0 10 552 5
Cutoff value 300

No. Measurements 3_B0 33 119 78
No. Excluded 0 2 o] 0

Appendix A

Hexachlorobutadiene (ng1') (136): Detacion Limit=10

River Sewage Industry FRish Fish Landfill
Inlet Outlet Sites

Mean 0 o 1 Q0
Mean {trimmed) 0 0 0 0
Madian 0 0 0 0
5 Percentile 0 0 0 0
95 Percentile 0 0 0 0
Site Average: Min 0 0 0 0
Site Average. Median 0 0 0 0
Site Average. Max 4] 0 C 0
Cutof! Value

No. Measurements 318 292 19 78
No. Excluded 0 0 0 0

Endosulphan (ngt)(145): Detection Limit=1

River Sewage (ndustry Fish Fish Landfill
Inlet Cuttet Sites

Mean 04 06 64 0.3
Mean {rimmed) 00 0% 09 D1
Meadian 00 Do 0.0 00
S Percentilg 00 00 00 00
95 Percentife 16 38 183 24
Site Average: Min 00 0o 00 00
Site Average: Median 01 01 1.6 0.0
Site Averape Max 1.2 10 149 18
Cutoff value 40 300

No Measurements 344 226 117 78
No. Excluded ] 3 1 0

PCB (28,52,101,118,138,153,180) (ng1") (146): Detection

Limit-10

River Sewapge Industry Fish Fish Landfill
Inlet Outle! Sites

Mean

Mean (inmmed)

Median

5 Percentde

95 Percentile

Site Average: Min

Site Average Median

Site Average Max

CutoH Value

Mo Measuremants 631

Mo Excluded

COO0ODOOOoO

w
-
omn COO0CO0o00

oth ocooocooo

od ocooocoooo

Azinphos Methyl ing 1" (151} Detection Limit=1

River Sewage Industry Fish Figh Landfill
Inlet Outist Sitas

Mean 03 02 42 02
Mean (trimmed) 00 00 0.0 00
Maedian 00 00 0.0 0.0
5 Percentite 00 00 00 0.0
95 Percantilg 00 00 00 00
Site Average Min 00 0.0 00 00
Site Average Median 00 0.0 0.0 00
Site Average Max 18 00 82 00
Cutolff Value

No Measurements 667 109 142 78
No. Excluded 0 0 o 0

Trifluralin (ng1 1) (152): Detection Limit=10

River Sewage Industry Fish Fish Landfil
Inlet Outlet Sites

Maan 8 9 691 40
Mean (trimmed) 4 7 185 1
Median 2 3 18 1
5 Percentile 0 0 0 0
95 Percentila 33 36 4519 4“4
Sie Average Min 1 6 50 1
Site Average Median 3 7 163 1
Site Average. Max 1" 7 3346 1
Cutoff Value 20000

No Measurements 665 79 129 2
No Excluded 0 0 2 0
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Chloroform (g 1" (153): Detection Limit=1,2 1,2 - Dichloroethan® (v t') (15%): Detaction Limh—1
River Sewage Industiry Flsh Fish Landfil River Sewage Industry Fiah Fish Landfill
tnigt Outiet Sites Inlet Qutiet Sites
Mean 4} Maan 005
Maan (trimmed) 0 Mean {trimmed) 0
Median 0 Median 0
5 Percantile 0 5 Percentile 0
95 Percentile 0 95 Percentie 0
Site Average: Min o] Site Average Min 0
Site Average: Median 0 Site Average Median 0
Site Average: Max 0 Sue Average. Max 0
Cutoff value Cutoff value
No. Measurements 249 No. Measurerments 249
No. Excluded 0 No. Excluded 0
Trichlorobenzene (ng 1') {154); Datection Limit=40 Chlorfenvinphos (a«g1") (217): Detaction Limite10
Rivar Sewege Industry Fish Flsh Landfill River Sewage Industry Figsh Fish Lancfil
Inlet Outlet Sites Inlet Outiet Sites
Mean 0 Meoan 12 44 19
Meoan (trimmed) 0 Maan (trimmed) 2 19 10
Median 0 Med:an 0 0 0
5 Parcantile o} 5 Percantile 0 0 Q0
95 Percentile o} 95 Parcantile 51 248 161
Site Average Min 0 Site Average Min 0 [} 0
Sita Average: Median 0 Site Average: Median 1 0 1
Site Average: Max 0 Site Average: Max m 36 22
Cutoft Value Cutofl Value
No Measurements 249 No. Measuremonts 485 78 78
No. Excluded 4] No. Excluded 0 o 0

A8
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Appendix B

Appendix B: detailed results for
specific determinands

B.1 Main determinands

pH

The pH of a water sample indicates the balance
between the acids and bases in the water and is a
measure of the hydrogen ion concentration

{pH = - log H"). Acidic waters (pH < 5.6) are
generally associated with moorland and forested
areas in the uplands where the soils are thin and
acidic and rainwater inputs have relatively little
contact with the rocks. Downstream, waters are
genenally more alkaline because rainwater is
neutralised by chemical weathering of the rocks
and hy redctions with biologically generated
carbon dioxide from the soils. River water pH can
show diurnal vanation (which may not be picked
up by the normal sampling programme). The
diumal varation results from plant activity in the
streams during the summer. During daytime,
dissolved CO, is consumed by photosynthesis to
generate dissolved oxygen. At night the reverse
process occurs because of plant respiration. The
changes in dissolved CO, concentrations affect pH
because CO, is weukly acidic: pH is thus highest
during the daytime when CO, concentrations are
lowest.

For the Tweed and its tributaries, river water pH is
typically between 7 and 9, with most rivers exhibit-
ing an annual range of 1-2 pH units. As can be
seen from Figure 5.2, the regional vanation in pH is
relatively small - individual site averages vary
between 7.3 and 8.3 (Appendix A). However, pH
tends to increase downstream, being lower in the
upland headwater areas and higher in the lowland
agricultural areas at all levels of flow. For example,
Figure B1 shows the increase in pH along the
length of Blackadder Water.

;W AR

7~0|BIackadder Water oo '..'

6.5~ Foot Middle "Top
85 86 B7 88 89 90 S1 92 93 94 g5

75

Figure Bl Time series of pH variations at three sites
along the Blackadder for the years 1985 ~ 1994. pH
increases downstream.

The increase is probably linked with land use
patierns and nutrient levels. Occasional high pH
values (pH 9 and higher) occur on the lower
Tweed (e.g. Norham; Figure B2). These are the
result of diatom growth during the late spring and
autumn, and of filamentous algal growth in the
summer.

TWEED AT NORHAM BRIDGE
10 152 Values

Mean 8 Q< (8.02)
Range 7.05-104

o\

B5 86 87 88 69 90 N

Tweed
RO39

92 93 94 85

Figure B2 Time series of pH measurements at
Norbam Bridge, 1985 - 1994. There is a seasonal
pattern with bigh values corresponding to periods of
diatom/algal growth.

River pH shows a strong decreasing relationship
with increasing flow. This decrease is rapid at
maoderate flows, but flattens off thereafter (Figure
5.12). The pattern is consistent with a4 high pH
groundwater source at low flows which is aug-
mented by more acidic near-surface waters at high
flows. Because of its links with flow, pH also
exhibits seasonal variation (see Figures B1 and B2)
and, on average, is higher in the summer than in
the winter.

Most effluent discharged o the rivers is at a lower
pH than river water, but not substantially so. For
example, sewage effluent has an average pH of 7.2
and tip effluent an average of 7.4, whereas river pH
averapes 7.8. Fish farming appears to affect pH
slightly, causing a decrease of about 0.2 pH units.

Suspended solids

For the Tweed, there is particular concern about
anthropogenically generated suspended solid levels
because of the fishing amenity valee of the river -
highly turbid waters are undesirable for good
fishing. River engineering operations such as
dredging and hank maintenance are probably the
major source of suspended solids to the rivers.
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However, natural erosion processes can be exacer-
bated by agricultural and forestry activity. In
additon, industrial and sewage cffluent provide
further inputs.

Suspended solids are strongly affected by flow and
rise substantially at very high flows (Figure 5.9),
resulting in a strongly skewed distribution (Figure
B3). Average concentrations given below (and in
the figures and tables), therefore need to be treated
with caution as there are a small number of sam-
ples with an extremely high suspended load.
Suspended solids measurements are associated
with high sampling errors because concentrations
vary widely across the width of a river and within a
given reach.
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Figure B3 Time series of suspended solids concen-
trations for Tweed above Galafoot, 1985 — 1994.
The distribution of suspended solid concentrations
is strongly skewed.

On average, the Tweed and its tributaries carry
approximately 10 mg 1" of suspended solids;
individual site averages varying berween 2 and
17 mg I'* (Appendix A). No obvious trends from
upstream to downstream can be picked out from
the regional map (Figure 5.2), but smaller water
courses in arable areas have a tendency towards
higher suspended solids. The Tweed is lower in
suspended solids than a number of its tributaries.
Maximum suspended solids are site dependent,
varying between 50 and 700 mg I with the highest
of these occurring in Turfford Burn and Jed, Gala
and Teviot Water (500 mg I' or more).

From the regional plot (Figure 5.2), it is clear that
sewage treatment works (average 50 mg ") are the
dominant point sources of suspended solids and
cause downstream increases in river suspended
solids. Concentrations vary considerably between
works, and Jedburgh and Selkirk works have been
prone to occasional high loads (Figure B4). Usually
the distribution of suspended solids in effluent is
much less skewed than for the rivers. Sewage
effluent suspended solids correlate weakly with
flow.
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Figure B4 Time series of suspended solid concen-
trations for fedburgh and Galashiels sewage
effluent, 1985 — 1994. Jedburgh appears prone to
occasional bigh effluent loads.

The only industrial discharge with high suspended
solids has been from a potato packaging factory
(average 740 mg I, now relocated and discharging
3 mg I). Effluent from landfill sites generally
increases suspended solids levels in nearby
streams. Overall, average suspended solids for tip
effluent are around 20 mg ' — ie. double the
average in the rivers. Fish fanning causes a much
smaller rise in suspended solids, typically around
1 mg I'. At some of the locations, this difference is
significant in that it represents a doubling of
suspended solids concentrations.

Dissolved oxygen

Dissolved oxygen is essential for plant growth and
fish life. The amount of dissolved oxygen in
solution varies naturally depending on the tempera-
ture, salinity, turbulence, atmospheric pressure,
photosynthetic activity and river discharge. Dis-
solved oxygen increases during the day when
plants photosynthesize and this contributes to
diumal and seasonat fluctuations,

For the Tweed rver and tributaries, dissolved
oxygen concentrations average around 11 mg I
(94% saturation). Averages for individual sites range
between 9 and 12 mg 1" with 90% of samples in the
range 8 — 14 mg 11 (75 - 130% saturation), although
the full data range is somewhat greater
(1-25mgl! or 14 - 160% saturaton; see
Appendix A). There is a strong seasonal variation
in dissolved oxygen (Figure $.8); at most sites the
highest dissolved oxygen concentration occurs in
the spring and the lowest in the autumn, though
this varies slightly from year to year probably
because of variations in the timing of algal and
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diatom blooms. The seasonal uxygen varation is
greatest in agricultural areas (e.g. Leet Water,
Lambden Burn, Eden Water), presumably due to
the higher weed growth in these streams. Note that
there is surprisingly little temperature difference
between these sites and others with much smaller
seasonal oscillations (Figure 5.8).

Fish farms cause a reduction in dissolved oxygen;
typically, average oxygen may decline from 11 to
just over 9 mg "' (94 to 82% saturation). Seasonal
oxygen variations are slightly exaggerated at the
outlet from the fish farms (Figure 5.6) with oxygen
minima occurring slightly earlier. Tip effluent is
often very depleted in dissolved oxygen and some
samples conuin less than 1 mg I indicating that
reducing conditions exist. However, dissolved
oxygen levels appear to recover faildy rapidly as
there is only a small cffect downstream of the tips.
No dissolved oxygen measurements have been
made on industrial or sewage cffluent.

Biochemical oxygen demand

The biochemical oxygen demand (BOD) is an
indication of the oxygen required to degrade any
organic matter and to oxidise inorganic matter.
BOD can be very high in sewage effluent and even
higher in farm sturry and silage effluent because of
the large organic content. Silage cffluent BOD is
typically 200 times as concentrated as raw domestic
effluent, whilst slurry is about 100 times as
concentrated (Royal Comunission, 1992). Discharges
of high BOD effluent cause oxygen depletion
which can destroy plant life and fish. BOD should
normally be less than 3 mg 1" for a river to be
considered of Class 1 (unpolluted). The maximum
permitted BOD for sewage effluent is usually not
more than 20 mg b assuming an 8:1 dilution in the
rver (Royal Commission, 1992).

Biochemical oxygen demand in the rivers of the
Tweed basin averages around 2 mg ' with 90% of
values in the range 1 - 3.7 mg 1. Individual site
averages vary berween 1.3 and 5.4 mg |'' (Appendix
A). The regional plot of BOD (Figure 5.2) shows
highest average BOD values in lowland arcas (e.g.
Lambden Burn, Leet Water and Turfford Burn), and
lowest values in headwater areas. The graphs show
limited point source inputs in these lowland areas
indicating the importance of diffuse sources.
Potential sources of BOD are the spreading of
sturry or other fertilizer (e.g. chicken litter, sewage
sludge) on the land. Effluent from silage and slurry
storage tanks may also have an impact.

The regional plots clearly show sewage treatment
works 10 be the main point source of BOD.

Biochemical oxygen demand of effluent averages
around 50 mg I'. Samples range up to 500 mg |7,
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with individual sites averaging between 5 and 280
mg I'. Sedimentatdon units and septic tanks have
typical BOD of around 100 mg I'' swhereas the
larger sewage treatment works usually average less
than 35 mg I.

Industrial BOD is very variable. From the limited
data available, the only direct industrial discharge
with high BOD in the Tweed area has been from
potato packaging. BOD in refuse site effluent is, on
average, about 50% higher than in rivers (3 mg 1.
However, this source probably provides only a
small contribution to the nivers, relative to the
much higher discharge flows from sewage
treatment works. 95% of tip effluent has a BOD of
less than 20 mg 1'. Biochemical oxygen demand is
slightly elevated by fish farms (on average from 1.6
to 2 mg I'"), but again, this is small relative 1o
sewage cffluent inputs.

Biochemical oxygen demand shows little
relationship with flow or with season, and it does
not show any consistent rise or decline
downstream. Riverine BOD has a slightly skewed
distribution, whereas BOD in ¢ffluent can be very
skewed at some sites (e.g. Jedburgh, Selkirk,
Newtown St. Boswells).

Nitrogen species

Four measures of nitrogen are determined. These
are, free and saline ammonia (i.e. combined NH,
and NH_*), nitrate, nitrite and albuminoid nitrogen
{a measure of the organic nitrogen content). Of
these, nitrate and free and saline ammonia (also
referred to here as total ammonia) are the most
common measurements. Albuminoid nitrogen is
only measured for a few sewage treatment works.
Nitrite is mainly measured at sewage treatment
works, with only a few river measurements being
taken.

The average relative proportions of nitrate species
in different sample types are very distinctive
(Figure B3). In rivers, almost all nitrogen exists as
nitrate with just 4 small amount of total ammonia
being present. Sewage treatment works are the
most significant point source of nitrogen. For these,
around haif of the nitrogen load (as mg ' N) is
total ammondz and only a third nitrate, Albuminoid
nitrogen makes up most of the remaining nitrogen
load — nitrite makes only a very small contribution.
For the other point sources, only nitrate and total
ammonia have been measured. Nitrogen levels in
industrial and tip effluent are higher than in the
rivers, and typically just over half is total ammonia.
Fish farms cause a very slight increase in nitrogen,
mainly due 1o an increase in the total ammonia
component.



Appendix B

Rivers

Sewage

Industry

NO,

NH

NH,

Fish inlet

NG, NH,

Fish outlet

Refuse effluent
NO,

NH,

Figure B5 Pie charts showing relative contributions of nitrate (Noj ), total ammonia (NH, ), nitrite (NO,)
and albuminoid nitrogen (Alb-N) to total nitrogen content (as mg ' N). The area of each circle is propor-
tional to the average total nitrogen content. Sewage effluent contains most nitrogen; industrial and refuse
effluent contain similar total N to the rivers (but with a higher proportion as total ammonia). In river
samples most nitrogen is as nitrate, whereas in sewage effluent around balf of the nitrogen is as total
ammonia. Note that albuminoid nitrogen is only measured for sewage effluent, nitrite is only measured for

rivers and sewage effluent.

Total ammonia (or free and saline ammonia)
Un-ionised or free ammonia (NH)) is the most
reduced inorganic form of nitrogen in water and is
very soluble in water. Most un-ionised ammonia is
rapidly converted to ammonium ions (NH 4*) but a
small amount can remain in river water. The
percentage of un-ionised ammonia in solution
increases with pH, temperature and salinity
(Mainstone et al., 1989). Fish are intolerant to high
levels of un-ionised ammonia because it reduces
the oxygen carrying capacity of the blood (M<Neely
et al., 1979). The EEC Fresh Water Fish Directive
stipulates that total ammonia should not exceed
0.8 mg ' N (mandatory) and recommends guide
levels of 0.03 mg I'' N for salmonid waters and
0.15 mg I'' N for cyprinid waters.

Ammoniacal compounds occur naturally in fresh
waters and mainly originate from decomposing
plant and animal matter. Sewage effluent is the
largest source of total ammonia in rivers; about 60%
of the nitrogen in sewage effluent is as ammonia

(Mallet et al., 1992; Royal Society, 1983). Other
sources are silage, unused fertiliser, drainage from
livestock wastes and runoff from sewage sludge
spread on the land. Textile industries can produce
effluent high in total ammonia.

In the rivers of the Tweed basin, total ammonia
occurs in low amounts; concentrations average
around 0.1 mg I N with 90% of observations lying
between 0.02 and 0.4 mg I' N, and many streams
never exceeding 1 mg I'! N. Concentrations are
highest in some arable areas and downstream of
problem sewage treatment works e.g. Biggar Water
and (historically) Jed Water (Figure 5.5). At
Jedburgh, this is partly because of particularly high
total ammonia in sewage effluent due to loadings
from fellmongering (Figure 5.4). At most river sites,
total ammonia shows an increase with flow, but the
reverse is seen at sites, such as Jed Water Foot,
which have historically been severely affected by
sewage discharges (Figure 5.11).
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Sewage efftuent is the dominant point source of
total ammonia. For the Tweed, sewage effluent
contains an average of around 12 mg 1" N of total
ammonia, with concentrations typically in the range
1- 40 mg I’ N. Average concentrations at individual
works range between 1 and 40 mg I' N, The
regional map for total ammonia indicates that other
point inputs to the rivers are small in comparison
with sewage treatment works. Some is leached
from tips but this has only a small impact on river
water guality except on some of the small water
courses {(e.g. Stirches where an average of Smg 1’
N is found in one of the burns). The only moni-
tored industrial source of total ammonia has been
from potatoes (average 4 mg I'' N). Fish farms
cause an increase in ammonia (Figure 136) but the
increase is insignificant in comparison with sewage
effluent. Typically, concentrations of ammonia
average 0.06 mg I'N above a fish farm and 0.16
below it. This rise ix explained by the excretion of
un-ionised ammonia by fish; free ammonia is the
chief excretory product of fish (Mainstone et al,
1989).
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Figure B6 Time series of total ammonia
concentrations at Philipbaugh fish farm, 1985 -
1994. Total ammonia increases because of
excrefory products.
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Nitrate
See Chapter 4.

Nitrite

Nitrite contains nitrogen in an intermediate oxida-
ton state and is seldom high in surface waters
unless they are badly polluted by inadequately
treated sewage effluent. However, when present,
nitrite is extremely harmful to aquatic life.

Nata for nitrite are relatively limited in the Tweed
basin and levels are generally low. Nitrite makes up
a very small fraction of the total nitrogen budget.
Measurements for some of the main river sites
average 0.015 and reach 0.05 mg I' N (the
detection limit is 0.01 mg I' N). Concentrations are
higher for the sewage treatment works with an
overall average of 0.5 mg I'' N and a typical range
of 0 -2 mg I N. There is a large site to site
variation (averages range between 0.1 and 1.4 mg |
'N; see regional map).

Albuminoid nitrogen

Albuminoid nitrogen is 4 measure of the organic
nitrogen in solution. In the Tweed catchment,
albuminoid nitrogen is only measured for sewage
effluent. The average concentration is 3.3 mg I' N
and typically values are in the range 0.5 -7 mg 17N,

Phosphate species

High phosphorus can be detrimental to water
quality since, in combination with nitrates, it leads
1o the cutrophication of surface waters. Common
sources of phosphates are human excrement,
detergents, industrial effluents and agricultural
drainage from fenilized land (M<Neely et al, 1982).

For the Tweed, total and soluble phosphate have
been measured. Total phosphate includes both
dissolved-reactive plus particulate phosphate
species, whilst the soluble phosphate includes only
dissolved-reactive phosphate. Soluble phosphate
measurements are the most common; 1otal phos-
phate has not been measured for many sewage
treatment works and there are no phosphate
measurements for tip leachate. The relationship
hetween total and soluble phosphate is variable.
However, river water samples tend 1o contain a
lower proportion of soluble phosphate than sew-
age effluent. Data for five sewage treatment works
were examined and, for these, the proportion of
soluble phosphate was found to vary between 55%
and 79%. This compares with the river sites where
average proportions of soluble phosphate ranged
from 35% to 56%. Two fish farms were examined
and the results of this indicated that the proportion
of soluble phosphate increased downstream of
these sites by around 10%.



Appendix B

Average phosphate in the Tweed basin is

0.2 mg I' P of which 0.1 mg " P is soluble. Total
phosphate is very variable; site averages range from
<0.1 to 1 mg 1" P total (Appendix A), although
typically samples are lower than 0.6 mg I'' P. The
high river concentrations in the lowland agricul-
tural arcas (Lambden Burn and Leet Water) mean
that these streams are classed as eutrophic and
sugpest an important diffuse source (Figure 5.3).
Phosphates bind well to soil particles and, once
bound, are not readily leached, However, high
river phosphate concentrations can occur when
there is erosion of very fine soil particles or where
there is direct runoff of slurry/fertilizers from recent
application to the ficlds or from storage tanks.
Slurry contains a high proporion of phosphorus
relative to nitrate when compared with crop re-
quirements (OECD, 1986) e.g. 1% dry weight
phosphorus cf. 2.5% nitrogen {Gasser, 1980).
Additionally, there are a number of chicken farms
on Turfford Bum, Lambden Burn and Leet Water.
The litter from these is phosphate rich and is
directly spread as a fertilizer. Similar diffuse sources
of phosphate have been noted elsewhere, e.g. in
Devon the land contributed around 35 — 40% of the
phosphate in the river, the rest came from sewage
treatment works (NRA, 1992). Much of the detected
dissolved riverine phosphate is likely to be bound
to very fine silts.
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Figure B7 Flow relationships for soluble phosphate
in effluent from Biggar and Galashiels sewage
treatment works. In common with many other
determinands a dilution relationship is seen.

The most imponant point sources of phosphates on
the Tweed are the sewage treatment works, for
these soluble concentrations  average berween 1
and 10 mg 1" P, with individual samples ranging up
to 15 mg I P. Both soluble and total phosphate in
effluent are very high relative to riverine concentra-
tions, so it is perhaps a litle surprising that diffuse
sources seem to make the most impact on river
concentrations. Fish farms are a minor source of
phosphate causing concentrations to increase
slightly (0.05 mg I* P). Effluent from a potato
packaging factory contains around 2 -3 mg I' P of
total phosphate.

Phosphate concentrations are highest at low flows
and lowest at higher flows, and this is most marked
for the more eutrophic streams in arable areas
(Figure 5.3). A pattern of phosphate dilution at
higher flows is observed at some sewage treatment
works - but in many cases these flow relationships
are weak (Figure B7).

Chloride

In low salinity, natural waters, chloride is a non-
toxic major inorganic anion. Natural inputs arise
from rainfall, padticularly from Atlantic frontal
systems. Sewage effluent can be high in chloride
owing 1o the salt content of urine,

The spatial pattern of river chloride concentrations
is similar 1o that of nitrate. Highest concentrations
are found in lowland agrcultural areas and where
there is significant sewage effluent entry nearby
{e.g. Biggar Water because of low dilution, and Jed
Water because of poor quality effluent). In the
lowland agricultural regions, high chloride is due
partly to slurry/silage applications and partly to
high evaporation which concentrates rainfall
inputs. River chloride site averages range from 7 to
70 mg I

Sewage effluent contains high levels of chloride
with average concentrations between 30 and

700 mg I, although the median of these is 70.
Particularly high concentrations are found in
effluent from Jedburgh (due 10 fellmongering) and
Duns (duc to high salt use in salmon smoking) —
Figures 5.1 and B8. At Jedburgh this has historically
caused a significant downstream rise (Figure B8).
At Duns, the increase over time is due to the
growth of the fish smoking industry (Figure B8).
Sewage treatment has little effect on chloride
concentration; effluent concentrations are not
affected by the grade of treatment.

None of the monitored direct industrial discharges
are high in chloride. Fish farms make virtually no
impact on chloride. Some tips do contibuie chlo-
ride, but it is rather variable and in most cases the
contribution is likely to have rather less impact
than the sewage treatment works.
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Figure B8 Time series of chloride concentrations
JSor sewage effluent, 1985 - 1994. Effluent from
Jedburgh is high in chloride because of discharges
Jrom felimongening. At Duns the bigh chloride is
due to salt used in salmon smoking.

Silica

Silica is found in abundance in the earth’s crust,
being present in most rocks. It is mainly produced
from chemical weathering of silicate bearing rocks
and mincrals and from sails; there are few anthro-
pogenic sources. Solubility controls in the stream
play an important role in conteolling stream silica,
but biological activity such as diatom growth can
cause silica depletion during algal blooms. Silica is
not detrimental to humans or fish,

For the Tweed, silica measurements are only made
for the rivers. The average silica concentration is
24 mg 1" Si with individual site averages varying
between 1 and 6 mg I Si. Concentrations tend to
decrease downsiream and are highest in the upper
reaches of Biggar Water, Lambden Burn and Leet
Water (Figure 5.1).
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Silica exhihits a strong seasonal variation and is
highest in winter and lowest in spring/summer
(Figure B9). For the Tweed above Galafoot, where
the sampling frequency is every week (rather than
every two months as elsewhere), there appear (o
be two summer troughs - one early and one late
(Figure 5.7). 1t is likely that these are the result of
biological activity relating 10 diatom growth and
decay in both the spring and autumn.
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Figure B9 Time series variations for silica at four
sites along the Lambden Burn, 1985 — 1994.
Annual maxima do not change downstream, bui
annual minima become more marked due to
diatom growth.
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Silica concentrations dre strongly linked with flow,
Concentrations rise rapidly as flow increases but
then quickly level off suggesting a source of silica
from soil and near surface waters (Figure 5.10).
This is consistent with the higher than average
silica concentrations in arable areas (where there is
more soil disturbance). At low flows, silica concen-
trations can plummet due to diatom uptake and
these decreases are most marked on the nutrient
rich streams. On some of the lowland streams, e.g.
Lambden Bum and Leet Water, the annual minima
silica concentrations become more pronounced
downstream. However, there is litile corresponding
trend in annual maxima which remain near con-
stant, perhaps partly because of solubility controls

and particulate zinc are very scattered; dissolved
zinc averages around 609 of total for rivers but is
extremely variable for sewage treatment works. In
particular, Selkirk works has a much higher propor-
tion of particulate zinc than many other sewage
treatment works (Figure 1310). Time series plots of
zinc show some marked drifts over time. At many
locations zinc was higher during the years 1989-
1991. This pattern is widespread and is found for
baxth river and sewage samples; it is not known
why this occurred. Over and above this, there has
been a decline in zinc at Selkirk sewage treatment
works, and an increase at Jedburgh.

(Figure 139). There is a gradual downstream biologi-

cal uptake of silica at low flows, probably in line
with increased nitrate and phosphate concentra-

tions. At higher flows, there is no opportunity for
any loss via hiological growth.

B.2 Metals

Zinc

Zinc can be highly toxic to both fish and aquatic
organisms when present in excess, but it is rela-
tively non-toxic to humans. Zine is abundant in
nature and is widely used in industry (e.g. paints,
textiles, printing, chemicals). Further inputs 1o the
environment occur through fossil fuel buming and
pesticide and fertiliser application. Usually, zing is
found in the presence of other pollutants such as
copper and cadmium. It is readily adsorbed onto
sediments and soils {(especially iron oxides) and is
more soluble at low pHs.

Average zin¢ concentrations of the Tweed rivers are
between 2 and 20 pg 1! in dissolved form (overall
average 8 pp '), though individual samples can
range much higher (up to 500 pg 1), Average
sewage effluent concentration is 80 pg ' of which
40 pg I is in dissolved form (N.13. there are more
sites monitored for available zine and this might
bias the averages). The regional map for available
zinc (Figure 5.13) shows that higher grade treat-
ment causes a reduction in zine concentrations; this
is likely to relate to the lower levels of suspended
solids in the effluent. Sewage effluent shows litle
spatial variation for zinc (Figure 5.13) and, in
comparison with other metals, is only moderately
higher than the background river level (five times
as high). This suggests that a background geologi-
cal source of zinc is important, Zinc does not
appear to have any other major point sources. Tip
effluent averages around 7 pg I, i.c. less than a
tenth of that seen in sewage discharnges. Fish farms
cause virtually no increase in zine concentrations
and industrial contributions are very limited.

Zinc shows linle relationship with flow for either
sewage effluent or rvers. Propontions of dissolved
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Figure BI0 Dissolved and available zinc
concentrations in sewage effluent at Selkirk and
Hawick. At Selkirk a much bigher proportion of the
zinc is in particulate form. The solid line is a
reference 1:1 line.

Lead

Concentrations of dissolved lead in river water are
generally small owing to its low solubility. Never-
theless, most aquatic life is sensitive to lead. The
main natural source of lead is weathering of
sulphide ores, but anthropogenic inputs are gener-
ally high relative to this. Sources include pipework,
batteries and buming of leaded fuel. Lead salts are
also commonly used in industrial processes (e.g.
printing, dying, photography, paints).



Lead concentrations in the Tweed rivers are
typically low, many samples being near or below
detection limits (0.4 pg 1"'). Concentrations are
usually less than 2 pg I in dissolved form (3 pg 1!
total) and average around 0.6 pg 1" (1.2 pg I total).
The most significant point source of lead in the
area is from Selkirk sewage treatment works
(Figure 5.14) which, on average, discharges
approximately 100 pg 1! compared with the median
sewage effluent level of 7.pg I*. This lead is likely
to originate from the elearonics industry.
Galashiels effluent is also higher than the norm
with an average of 18 pg I'' . There are no other
notable point sources; tips in the area give rise to
very little lead whilst industrial contributions are
insignificant. Fish farms do not affect lead
concentrations.

Lead shows a very weak relationship with flow; a
small dilution above lowest flows is apparent
where concentrations are highest — e.g. Selkirk
sewage treatment works. The separation between
dissolved and particulate lead for most river and
sewage treatment works is difficult to judge
because the levels are so low, However, smaller
sewage treatment works tend to have higher
proportions of particulate lead. For Selkirk sewage
treatment works, only 22% of the available fraction
is as dissolved; furthermore, the proportion of
dissolved lead decreases as available lead
concentration increases.

Nickel

Nickel in drinking water has a relatively low
toxicity to humans, but it can impair growth in
aquatic life. Nickel commonly forms stable, usually
soluble, complexes making it a relatively mobile
metal (Mallet et al, 1992). Anthropogenic sources
include nickel plating, ore processing, fossil fuels
and waste incineration,

Nickel is not as widely measured on the Tweed as
some of the other metals and is relatively near to or
below the 1 pg I detection limit for most river
sites (Figure 5.15). Mcasurements for sewage
treatment works and tips are also typically below
detection limits. The exceptions to this are food
processing {potatoes average 30 pg 1) and sewage
treatment works at Selkirk, Kelso, Jedburgh,
Galashiels and Charleshield: averages 27, 10, 7, 5
and 3 pg 17, respectively. Nickel is one of the few
metals which is almost all in dissolved form in the
Selkirk discharge (Figure B11). At Selkirk, nickel
concentrations decline at high flows.

iron

Iron is the fourth most abundant element in the
earth’s crust. It is a minor plant nutrient but is
harmful in excess because it fixes other essential
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elements. Iron is not harmful in drinking water but
is undesirable for aesthetic reasons. Iron is found
in the ferrous (Fe**) and ferric (Fe*) states and is
more soluble at lower pHs and in the fermous state.
The ferrous state is only present in water under
reducing conditions; in non-reducing conditions it
is oxidised and precipitated in the ferric form,
mainly as iron oxides and hydroxides. Iron derives
naturally from weathering of rocks but is also
found in rainfall. Industrial activity contributes
significant amounts of iron to the environment e.g.
from coal buming, mining and mineral processing,
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Figure Bl1 Dissolved against avaislable metal
concentrations for iron and nickel in Selkirk
effluent showing very variable partitioning. Nickel is
aimost all in dissolved from, iron is predominantly
as particulates (cf. also Figure B10).

Iron is only measured at a few Tweed river sites,
although a number of samples are analysed up-
stream and downstream of sewage treaunent
works. For the river sites, averages are around 200
pg I of which 50 pg 1" is in dissolved form. Sew-
age efflluent averages 480 pg 1! (115 pg 1! as
dissolved) but is dominated by Selkirk works
especially for the paniculate component. Selkirk
discharges an average of 190 pg I! iron as dissolved
and a remarkable 2000 pg [ as available (Figure
B11); this high value is due to iron being added as
part of the effluent treatment process,
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From the regional maps, it can be seen that point
sources of iron, other than sewage treatment
works, are more significant than for the other
metals {(Figure 5.13). Tip effluent contains signifi-
cantly higher iron levels (average 3600 pg 1"
available), than sewage effluent, even compared
with Selkirk. The iron content is probably due to
there being high proportions of iron/steel in refuse
and reducing conditions within the tips. Some high
iron levels have historically been measured for the
potato packing site at Winfield. Fish farms cause a
very slight increase in iron but levels are so low
that this is unimponant,

Dissolved irun increases slightly at high flows in
the rivers (it is the only metal to do this; Figure
B12) but has a strung decreasing flow relationship
at some sewage treatment works. I[ron has the
lowest dissolved fraction of the metals considered;
in rivers around 30% of available iron is in dis-
solved form. Extremely variable partitioning is
observed at different sewage treatment works; e.g.
a higher proporion of iron is as dissolved at
Galashiels in comparison with Selkirk.
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Figure B12 Riverine flow relationship for iron. fron

is the only metal that increases with flow in the
rivers.

Chromium

Chromium is essential for animal growth, but is
harmful in excess. For plants, it interferes with the
uptake of essential nutrients. Natural sources of
chromium are rare, but chromium is commaonly
used in industrial and domestic applications. These
include central heating, fridges, metal plating,
paper and textile dying. Chromium can also be
found in some fertilisers and pesticides.

For the Tweed catchment, chromium levels are
close to the detection limit of 0.5 pg I (Figure
5.15). Only the Ettrick Water below Selkirk and the
Tweed above Galafoot have many samples above
the detection limit (averages for these are 1.5 and

0.4 pg I' respectively). Selkirk sewage treatment
works discharges over 200 pg ' (available) which
is nearly two orders of magnitude higher than that
from most other sewage treatment works, although
it has declined in recent years. It is also much
higher than any tip, industrial or fish farm effluent.
Galashiels, Charlesfield and Jedburgh works are
lesser sources; chromium concentrations are 40, 17
and 6 pg 1" respectively.

Chromium generally decreases with increasing flow
for both rivers and sewage effluent. Levels of
chromium in the Tweed rivers are not sufficiently
high to assess the partitioning of chromium. How-
ever, for sewage effluent, the dissolved component
is high (72% in dissolved form) and this proportion
does not vary substantially from site to site.

Copper

Copper is an essential plant and animal nutrient
though large doses can be harmful. Fish can
experience growth inhibition at low concentrations
and some species of invertebrates are sensitive at
concentrations as low as 5 pg . In humans, to0o
much copper can cause damage to the liver. Only
trace amounts of copper are generally found in
natural waters, However, significant copper inputs
can arise from widespread industrial use (e.g.
textiles, electrical products) and from domestic use
(Hedgecott and Rogers, 1992), in agriculture,
copper is used as a fungicide and a pesticide and
in copper deficient areas it is applied as a trace
element.

Dissolved copper concentrations in the Tweed and
its tributaries average 4 pg 1! and are typically in
the range 0 - 10 pg . Total copper concentrations
are slightly higher (average 5.4; typical range 1~

14 pg 1"). The distribution of copper is skewed and
copper concentrations over 20 pg I are found
occasionally at a number of sites.

The regional map shows the high degree 1o which
point sources from Selkirk (average 900 pg !
available, of which 510 pg 1" is dissolved) and
Galashiels sewage treatment works (300 pg 1)
dominate inputs (Figure 5.14). In comparison, other
sewage effluents are relatively low in copper (the
median is 22 pg I'"). The high copper in the Selkirk
effluent arises from electronics industry waste and
in the past has meant that Ettrick Water has failed
the Environmental Quality Standard for copper
downstream of Selkirk, e.g. in 1991. The effect of
this discharge to the river is substantial; concentra-
tions rise from 2 pg I'! upstream to 14 pg 17 just
downstream, decreasing to 10 pg 1! at Eurick Water
Foot, 5 km downstream (Figures 5.18 and 5.19).
The shift in average concentration is matched by a
30 fold increase in the spread (0 - 10 pg I up-
stream, 1 - 330 pg 1" just downstream). The input



of copper is sufficiently large that its effects are
seen even further downstream (e.g. Tweed above
Galafoat; Figure 5.19). A simple calculation based
on mean flows and average concentrations sug-
gests that, if there was no loss of dissolved copper
from the river, up to 2.7 pg I"' of the 4.9 pg 1" of
dissolved copper at Tweed above Galafoot, and up
t0 1.2 pg I' of the measured 383 pg 17 at Norham
could derive from the Selkirk input. The effluent
from Galashiels will further increase this. In fact,
concentrations at Norham are only 0.5 pg I higher
than the average basin-wide river concentration.
Thus, it appears that there is a net loss of dissolved
copper within the river system.

There are no other significant point sources of
copper. Tips average less than 5 pg I, and fish
farms only cause a very slight increase in dissolved
copper concentrations (averages rise from 3 pg I
upstream to 3.7 pg I' downstream). The only
industries monitored have been for the relocated
potato packing company (average 40 pg 1'"). There
is a tendency for copper concentrations in sewage
effluent to be higher towards the far north/north-
west of the Tweed catchment. This may indicate a
background geological source relating to the
Pentland hills, although this is not evident from
copper concentrations further downstream in the
rivers. Note that, in some areas, soils are copper
deficient and agricultural additions are made to
animal foodstuffs.

Total and dissolved copper concentrations show a
slight tendency to decline at higher flows for rivers,
and a noticeable decline with flow for sewage
treatment work effluent. On average, around 60%
of copper is in dissolved form for both sewage
effluent and river water, though there is some
vanation across sewage treatment works.
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Other motals and metalloids

Determinations are also made for the metals
cadmium and mercury and for the metalloid ar-
senic. Cadmium and mercury are two of the most
toxic pollutants found in freshwaters, whilst arsenic
has a toxicity dependent on the chemical form in
which it is present. All of these substances have a
number of industrial sources. Cadmium can denive
from non ferrous metal industries, batteries and
pigments. Mercury is used in paints, pharmaceutical
and dental work. Arsenic is discharged from mine
workings and the semiconductor industry, and is
found in preservatives and pesticides.

On the Tweed, cadmium levels are too low for
detection (<0.5 pg I'). River water concentrations
of mercury are either at or very near the detection
limit (0.1 pg ') with almost all values less than

1 pg I, Effluent for sewage treatment works, tips
and industry also contain less than 1 pg I'! mercury,
with only the odd outlying value. Arsenic oo is
almost always lower than detection limits (5 ug I'")
in the nivers, but has been detected in the effluent
from Charlesficld sewage treamment works (average
9 pg I, from Winfield potato packaging company
(8 pg I') and in one of the discharges at Easter
Langlee tip {8 pg I'"). High concentrations of
dissolved arsenic have been found for one of the
Cleugh tip outfalls (70 pg I''); this is thought to be
due to a natural source,

Overall, dissolved and total metal concentrations in
the rivers are very low for cadmium, mercury and
arsenic and are well below environmental and
drinking water quality standards,






Appendix C: furtbher regional
analysis of nitrate

Nitrate concentrations on the Tweed have been
rising since the war (Figure 7.2). In many lowland
tributaries of the Tweed, nitrate concentrations can
exceed drinking water standards and some
stretches are eutrophic because of the combined
effects of high nitrate and high phosphorus inputs.
Nitrate concentrations are highest in soil waters,
but even the ground waters of the lowland regions
are high in nitrate relative to the baseflows in
headwater streams. This may have long term
implications for water supplics,

Here, a simple regression analysis is used to link
nitrate concentrations to factors such as land use,
geology and soil structure. The main objectives of
this analysis are to select a4 small number of
variables which might best explain the water
quality. The results are preliminary rather than
definitive, but provide an example of how regional
analysis may be taken forward. Ideally, other
catchment descriptors would also be used. For
example, some distinction between crop types and
identification of intensive animal farming (pigs and
poultry) would be sensible, as would variables
describing average runoff and evapotranspiration.
This information is presently not readily available
in a form suitable for analysis, but these vanables
could be incomorated at a later stage.

The main stages to the approach are to:

1. Calculate the boundaries of the drainage areas
corresponding to each of the water quality
sampling sites.

2. Calculate the proportions of different soils and
land uses within each catchment boundary. In
addition derive average elevation, total
catchment area, and estimate volumes of
sewage cffluent.

3. Reduce the number of variables (before
regression), removing variables which are only
found in very small proportions.

4. Regress nitrate on the remaining variables,
selecting a small subset of the explanatory
variahles which best explain water quality.

The first two stages were carried out within the
ARC/INFO geographical information system. Digital
land elevation data were used o characterise the
flow pathways. From this, the boundaries of the

contributing catchment area were calculated, along
with catchment area and average elevation. Once
the boundaries had been derived, information from
relevant geographical data sets was overlain to
obtin catchment properties. So, for example, the
proportions of moorland, rough grassland, and
arable land were calculated for each of the water
quality sampling sites. Data on geology (from the
British Geological Survey), land use (ITE; Fuller,
1993) and soil properties (the HOST data ser;
Boorman et al., 1995) were treated in this way.
Estimation of sewage input was included because
of the contribution of sewage effluent to nitrate
levels, ¢.g. the high nitrate concentrations on
Biggar Water are mainly due sewage effluent. This
was crudely based on average dry weather flows
for main sewage treatment works in the area and
was expressed as a pmportion of the river low (for
this, flow was assumed to be proportional to
catchment area). Some tiny watercourses were
climinated from the analysis because they appeared
10 be outlier values, These were sites on Turfford
Burn which is extremely high in nitrates; analysis
was highly influenced by these points when they
were included.

The results of the analysis identify a strong link
between land use and nitrate concentrations. Three
main explanatory variables were selected:

® proponion of tilled land;

® proporntion of mown/grazed grass;
and the

& proportion of soils which have a macroporous
structure overlying shallow groundwater (<2m;
Host Classification $; Boorman et al., 1995).

Together, these three variables explained 93% of
the total variation. Regional distributions of these
classifications are shown in Figure C1, and the
links with nitrate together with fitted regression
slopes are shown in Figure C2.

Although, the analysis gave a good fit to the data,
great care would need to be exercised for these
results to be extrapolated to other areas or to land
use change scenarios. Many of the geological types,
land uses etc. are strongly correlated and
alternative sets of explanatory variables with only
slightly different degrees of fit can be identified.
Also, a large number of variables were used in the
regression {even after the reduction at stage 3). It is
therefore possible that some variables were

cl



Figure C1 Distributions of variables used to explain nitrate variations. Shading is graded from black
(100%) to white according to the percentage cover within each 1 km grid square. (a) mown/grazed
grasslands (b) tilled land (c) soils with macroporous flow structure overlying a shallow groundwater
(<2m). Data shown are from the ITE landcover map (Fuller, 1993) and HOST (Boorman et al., 1985).
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N N
8 3 K;&
g t JK k) m .....
g E 5 Y S
§ o L-E ...... . M
o 4 M A
o £ ¥
z 2. 4] N %
$P F
pof ” .
0 5 10 15 20 25 o
% Mown/grazed Grass
N N
L 8
g ° 4 - Kf t %; E TR
I u
E 6 T L gGEM’ )
g - L L o
-é 44 .o AA N '.E a4 H‘*ﬂ ------- A A
E 3“ & '« 2. é‘ NM B 8
SIS 0N AP
P# . Eb‘a .
0 20 40 60 80 0 10 20 30
% Tilled % Groundwaler<2 (Macro)

Figure Q2 Fitted regression lines for nitrate. The top left graph shows observed against predicied nitrate
concentrations logether with a 1:1 line. The remaining graphs show nitrate against the three selected
explanatory variables. The lines show the multiple regression slopes of the fitted relationships. The letters
used on the grapbs denote the different tributaries and are alphabetically ordered from upstream to doun
stream (see Appendix D letters used correspond to the first letter of the site code).

selected during regression due 10 a coincidental could perhaps apply to the HOST soil type. Further
correlation, rather than a causal effect. This is analysis and application 10 other areas would be
unlikely 10 be the case for the two land use required to make the approach more robust.

variables, which agree with known theory, but
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Appendix D

Appendix D: tables of sample site

details

These tables give details of sample sites including
the site description, an approximate grid reference
and the site codes. Some sites have been sampled
under more than one sampling scheme, e.g. North
Sea Action Plan (NSAP) and Paris Commission

(PARCOM) and these are indicated. For each site
the river system to which the site is amached is
shown. For rivers, the type column indicates
whether a site is located on the main river in the
area (r) or is a tibutary (1).
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River and tribulary siles

Type River Area Codes Grid ef Site description
Regular Dupticate NSAP PARCOM East North

r Biggar AR004 3050 6366 BIGGAR W.20m ABOVE HARTREE MILL FARM
t Biggar AR005 3049 635 HARTREE MILL BUAN FOOT

' Biggar AR0OS 3058 6368 BIGGAR W. AT HEAVYSIDE FARM (RAIL BR.)
t Biggar AROO7 3067 6377 SPITTAL BURN AT B7018

t Biggar AR009 3081 6370 KIRKLAWHILL BURN AT FOOT

r Biggar ARO14 PROOS URD19 YROO1 3127 6348 BIGGAR WATER AT WHITERIG

t Lyne BROO3 3153 6505 CAIRN BURN AT 87059

t Lyne BROOS 3132 6451 TARTH W. 100m BELOW BLYTH BRIDGE

' Lyne BRO11  PROO8 URO14 YR002 3209 6400 LYNE WATER FOOT

t Lyno BRO12 3120 6466 TARTH 50m BELOW BACK BURN

r Eddleston CROO8 PRO11  URDIE  YROO4 3243 6404 EDDLESTON WATER FOOT

r Yarrow DR0OC9 3438 6276 YARROW W. AT PHILIPHAUGH G. STATION
r Ettrick ER0O1 3461 6284 ETTRICK W. AT HEATHERLIE BRIDGE

r Ettrick ER002 3470 6205 ETTRICKW. ATIRON FOOTBRIDGE

' Ettrick ER0OS 3481 6313 ETTRICK W. AT LINDEAN MILL

r Gala FROO4 3455 6430 GALAW.AT LUGATE BURN FOOT

' Gata FRO06 3470 6373 GALAW.AT GALA G. STATION

' Gala FRO11  PR023 YRO11 3510 6350 GALA WATER FOOT

r Leader GR003 3540 6473 LEADER W. AT LAUDER BRIDGE

t Leader GROO7 3573 6380 LEADER W. ABOVE TURFFORD BURN

' Leader GRO08  GR108 3574 6380 TURFFORD BURN AT FCOT

r Leader GRO10  PRO27 URO17 YRO05 3577 6346 LEADER WATER FOOT

t Leader GR101 3600 6390 TURFFORD BURN BELOW PURVESHAUGH
1 Leader GR102 3584 6400 TRIB. OF TURFFORD BURN ABOVE GRAIN STORE
t Leader GR103 3597 6399 TRIB. OF TURFFORD BURN AT BRIDGE

t Leader GR104 URG09 3601 6392 TRIB. OF TURFFORD B. BELOW PURVESHAUGH
r Leader GR10S 3501 6391 TURFFORD BURN TRIB. FOOT

r Leader GR106 3591 6391 TURFFORD BURN AT A6105 LAYBY

r Leader GR107 UR00S 3579 6385 TURFFORD B. ABOVE EARLSTON FOOT

' Jed HR002 3650 6203 JED W. AT ABBEY BRIDGE

f Jod HR004 3655 6213 JED W. AT JEDBURGH G. STATION

f Jed HROO6  IR0O7  URO21 3660 6239 JED WATER FOOT

' Teviol 1R002 3511 6153 TEVIOT W. AT WEENSLAND CAULD

' Teviol IR004 3532 6167 TEVIOT W. AT HORNSHOLE BRIDGE

r Taviot IROOS 3674 6253 TEVIOT W. AT NESBIT BRIDGE

' Teviot IROTO  PRO32 YROO6 3719 6335 TEVIOT WATER FOOT

r Teviot UR007 3705 6278 TEVIOT AT ORMISTON MILL {33)

' Taviot URD13 3481 6134 TEVIOT ABOVE HAWICK

t Eden JROO1 3626 6451 EDEN BURN {A6089 BRIDGE)

r Eden JR002 3660 6447 EDEN W. AT MACK'S MILL

r Eden JR0O3 3659 6433 EDEN AT A6105

' Eden JROO4 3659 6427 EDEN W. BELOW EAST MAINS

' Eden JROO5 3654 6414 HAREFORD BURN AT HAREFORD BRIDGE

r Eden JROOS 3661 6396 EDEN W. BELOW WHITEHILL (A6089 BRIDGE)
r Eden JROO7 3687 6370 EDENW. BELOW NENTHORN (A6089 BRIDGE)
r Eden JROOB 3727 6372 EDENW. AT PIPERS GRAVE

' Eden JROOS  PRO34 YROO7 3765 6375 EDEN WATER FOOT

' Eden UR006 3738 6371 EDEN AT EDNAM (34)

r Lambden KR0O1 3714 6408 LAMBDEN BURN BELOW HUMEHALL

' Lambdan KR0O2 3742 6428 LAMBDEN B. AT STONEFOLDBRAE FORD

r Lambden KR0O3 3746 6429 LAMBODEN 8. BELOW LAMBDEN FARM

r Lambden KROO4 3755 6440 LAMBDEN B. ABOVE PLOUGHLANDS

t Lambden KRO06 a766 6432 SPRINGSWELLS BURN (A697 BRIDGE)

r Lambden KROO7 3785 6440 LAMBDEN ABOVE DITCH FROM MERSINGTON
‘ Lambden KR008 3786 6439 LAMBDEN AT LEITHOLM BRIDGE

r Lambden KR009 3791 64239 LAMBDEN BURN BELOW LEITHOLM

r Lambden UR022 3804 6443 LAMBDEN WATER FOOT (45)

r Leot LR003 3852 6504 LEETW.BELOW RAVELAW FARM

' Loet LROO4 3851 6501 LEET W.75m D/S WHITSOME OUTFALL

r Leet LR0OS 3850 6497 REDLAW BURN FOOT

r Leat LROO? 3846 6487 HARCARSE BURN FOOT

r Leet LR00S 3830 6474 LEETW.AT SWINTON

r Leet LR009 UR0O4 3813 6460 LEET W. AT SWINTON MILL
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River and tributary sites, continued

Grid ref Site description

PARCOM East WNorth

3814 6413 LEET W. AT CHARTERPATH BRIDGE
3840 6395 LEETW AT COLDSTREAM G. STATION

3677 6477 BLACKADDER W. ABOVE GREENLAW

3736 6465 BLACKADDER W. AT LNTMILL

3809 6515 BLACKADDER W. AT KIMMERGHAME HOUSE

3806 6521 LANGTON BURN AT CAIRNHILL
3824 €528 LANGTON BURN FOOT
3863 6544 BLACKADDER WATER FOOT

3938 6535 WHITEADDER AT CHESTERFIELD (H.M.)
3786 6567 WHITEADDER W. ABOVE CUMLEDGE

3850 6564 BILLIE BURN AT FOOT

3851 6561 WHITEADDER W. D.S CHIRNSIDE MILL
3863 6546 WHITEADDER W. ABOVE BLACKADDER
3920 6546 WHITEADDER W. AT HUTTON BRIDGE

3774 €577 WHITEADDER AT COCKBURN
3108 6284 TWEED AT KNIGLEDOORS
3206 6397 TWEED AT LYNEFORD

3229 6334 MANOR WATER FOOT (T.10)
3271 639 TWEED AT PEEBLES DUMP
3333 6359 TWEED AT TRAQUAIR BRIDGE
3382 6377 TWEED BELOW JUNIPER BANK
3487 632 TWEED AT OLD TWEED BRIDGE
3489 6321 ETTRICK WATER FOOT (T.21)
3509 6346 TWEED ABOVE GALAFOOT
3528 6348 TWEED AT LOWOOD BRIDGE
3575 6346 TWEED ABOVE LEADER

3649 6319 TWEED NEAR RUTHERFORD
3710 6337 TWEED AT UPPER FLOORS
3750 6353 TWEED AT SPROUSTON
3844 6395 LEET WATER FOOT (T36)

3348 6400 TWEED AT COLDSTREAM BRIDGE

3890 6472 TWEED AT NORHAM BRIDGE
3590 6319 TWEED AT DRYBURGH

3217 6367 MANOR WATER AT CADEMUIR
3496 6333 TWEED AT BOLESIDE (30)

Site description

Type River Area Codas
Regutar Duplicate NSAP

r Leet LR010

r Lesat LRO11 URO005

r Blackadder MROO1

T Blackaddar MR002

r Blackadder MROO4

t Blackadder MRO08

t Blackadder MROO7

r Blackadder MRO09 NROO8 UR023

r Whiteadder NRO0OO UR0O02  YR013

r Whiteaddoer NROO1

t Whiteadder NROO4

r Whiteadder NROOS

r Whiteadder NROO7

r Whitsadder NRO10 PR0o45

r Whiteadder URO12

r Tweed PRDO3

r Tweed PROO7 PQOO1  URO11 YRO03

t Tweed PRO10 PQ0O03

r Tweed PRO13

r Tweed PRO15 PQOOS

r Twoeed PRO17

t Tweed PRO20

r Twead PROZ1 URD1E8  YRO0O9

r Tweed PROZ2 PQ009 YRO10

r Tweed PR0O24

r Tweoed PRO26

r Tweod PR0O30

r Tweed PRO31

t Tweaad PRO33 PQO17

r Twoed PR35 PQ019 YR008

r Tweed PR037

r Twead PR0O39 PQOOO  UROD1 YRo12

r Tweod PQO13 UR0I0

r Tweed URO15

r Tweed URQ20

Main sewage treatment works

River Area Codes Grid raf
Reguiar NSAP East North

Bigpar ADOO2 3049 6368

Lyne BDOO1 3152 6505

Lyne BDOOZ upo10 3138 6460

Ettrick EDOO2 uboo3 3474 6208

Gala FDOO3 3454 6441

Leadar GD002 3540 6470

Leader GDOoo4 3573 6381

Jad HDOO1 uDo04 3657 6224

Taviot 10002 asio 6188

Teviot 10301 uboo1 3512 6155

Blackadder MD00O2 ax 6461

Blackadder MDO05 upo12 3797 6532

Tweed PG00 UD00S 3270 63398

Tweoad PD002 uDoos 3369 6375

Twooed PD00S uDoo2 3516 6355

Tweod PDOO7 3551 6345

Tweed PDOOS ubDo13 asst 6317

Tweed PDO1O 3607 68315

Tweed PD0O12 uboo? 3735 6345

Tweed PDO16 udon 3857 6411

Tweod PDO20 uboos 3337 6362

BIGGAR FINAL EFFLUENT

WEST LINTON FINAL EFFLUENT
{L.AP.GR. FINAL EFFLUENT

SELKIRK FINAL EFFLUENT

STOW FINAL EFFLUENT

LAUDER FINAL EFFLUENT

EARLSTON FINAL EFFLUENT
JEDBURGH FINAL EFFLUENT

DENHOLM FINAL EFFLUENT

HAWICK FINAL EFFLUENT {CONSENT D}
GREENLAW FINAL EFFLUENT {AUG-SEP)
DUNS FINAL EFFLUENT (NOV-MAR})
PEEBLES FINAL EFFLUENT
WALKERBURN FINAL EFFLUENT
GALASHIELS FINAL EFFLUENT
MELROSE FINAL EFFLUENT

NEWTOWN ST, BOSWELLS FINAL EFFLUENT
ST. BOSWELLS FINAL EFFLUENT

KELSO FINAL EFFLUENT

COLDSTREAM FINAL EFFLUENT
CHARLESFIELD FINAL EFFLUENT
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Otber sewage treatment works

River Area Codes Grid ret Site description

Regular NSAP North East
Biggar ADQO1 3081 6434 ELSRICKLE SEPTIC TANK EFFLUENT
Biggar ADOO3 3o 6387 SKIRLING SEPTIC TANK EFFLUENT
Biggar ADOO4 I 6360 BROUGHTON FINAL EFFLUENT
Lyne BD004 3159 6480 ROMANNOBRIDGE SEPTIC TANK EFFLUENT
Lyne BD0O0OS 3110 6464 DOLPHINTON BIO UNIT FINAL EFFLUENT
Eddleston CDoO1 3241 8469 EDDLESTON FINAL EFFLUENT
Yarrow DDOoO1 3410 6299 YARROWFORD SEPTIC TANK EFFLUENT
Ettrick EDOO1 3389 6242 ETTRICKBRIDGE SEPTIC TANK EFFLUENT
Gala FDOO1 3402 6545 HERIOT SEPTIC TANK EFFLUENT
Gala FDO02 3429 6494 FOUNTAINHALL SEPTIC TANK EFFLUENT
Leadar GDOO1 3458 6536 OXTON SEPTIC TANK EFFLUENT
Leader GD003 3550 6435 BLAINSLIE SEPTIC TANK EFFLUENT
Taviot D003 3568 6123 BONCHESTER FINAL EFFLUENT
Teviot D004 822 6224 LANTON SED. TANK EFFLUENT
Teviat D005 3473 6224 ASHKIRK SEPTIC TANK EFFLUENT
Teviot D006 3535 6254 LILLIESLEAF SEPTIC TANK EFFLUENT
Teviot D007 3530 6273 MIDLEM SEPTIC TANK EFFLUENT
Teviot 10008 3530 6244 ANCRUM FINAL EFFLVENT
Teviot D009 3770 6251 MOREBATTLE FINAL EFFLUENT (AUG-SEP)
Eden JDOO1 3649 6432 GORDON FINAL EFFLUENT
Eden JDo02 3552 6367 SMAILHOLM SEPTIC TANK EFFLUENT
Eden JDOoO03 3rnz 6384 STICHILL SEPTIC TANK EFFLUENT
Eden JDOoo4 3737 6374 EDNAM WEST SEPTIC TANK EFFLUENT
Eden JDO0OS 373 6371 EDNAM EAST SEPTIC TANK EFFLUENT
Lambden KDOO1 3788 €439 LEITHOLM FINAL EFFLUENT
Loot LDoo2 38N 6474 SWINTON FINAL EFFLUENT (JUN-SEP)
Lost LDo03 3766 6415 ECCLES SED. TANX EFFLUENT
Lest LDOO1 3853 6502 WHITSOME FINAL EFFLUENT (JAN-APR)
Blackadder MDO0O1 3632 6500 WESTRUTHER SEPTIC TANK EFFLUENT
Blackadder MD003 arrne 6491 FCGGO SEPTIC TANK EFFLUENT
Blackadder MDO04 3774 6524 GAVINTON FINAL EFFLUENT {JUL-SEP)
Whiteadder NDOO1 3693 6573 LONGFORMACUS SEPTIC TANK EFFLUENT
Whiteadder NDO0G2 N 6569 PRESTON SED. TANK EFFLUENT
Whiteadder ND0OO4 3870 6557 CHIRNSIDE FINAL EFFLUENT
Whitaadder NDOOS 3864 6545 ALLANTON SED. TANK EFFLUENT
Whiteadder NDOOE 3935 6551 FOULDEN FINAL EFFLUENT
Whitsaddar ND0O7 3938 6527 PAXTON SED. TANK EFFLUENT
Tweoad PDOOS 3447 6349 CLOVENFORDS SED. TANK EFFLUENT
Twoed PDOO8 3562 6343 NEWSTEAD SED. TANX EFFLUENT
Twood PDO13 3716 6309 HEITON SOUTH SEPTIC TANK EFFLUENT
Tweed PDO17 3818 6283 TOWN YETHOLM FINAL EFFLUENT
Tweed PDO18 3826 6285 KIRK YETHOLM SEPTIC TANK EFFLUENT
Tweed PDO19 3908 6535 HUTTON FINAL EFFLUENT
Tweed PDO21 3587 6298 TRAQUAIR SEPTIC TANK EFFLUENT

Industry sites

River Araa Codes Grid rat Site description

Regular NSAP East North
Jed HCOO1 3512 6351 DISCHARGE FROM BORDER SHEEPSKINS
Jod HCo02 3658 6229 MOFFAT POTATOES DISCHARGE
Jed 384 6404 CHEMICAL SPRAYING COMPANY - COLDSTREAM
Whiteadder NCOO1 ucoc4 3849 6563 DEXTER NONWOVENS - INFLUENT
Whiteadder NC002 ucoot 3851 6561 DEXTER NONWOVENS FINAL EFFLUENT
Whiteadder NC102 3851 8563 DEXTERS NON-WOVEN EFFLUENT (CONSENT A)
Whiteadder NC202 3as1 6562 DEXTERS NON-WOVEN EFFLUENT {CONSENT B)
Whiteadder NC302 3851 6562 DEXTERS NON-WOCVEN EFFLUENT (CONSENT C)
Tweed PCO01 ucoo2 3896 6510 WINFIELDP.P.S
Tweed ucoos 3896 6254 PINNACLEHILL INDUSTRIAL ESTATE (40)
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Fish farm siies
River Area Codes Grid raf Site description
Regutar NSAP East North
Yarrow DFo02 33 6285  TINNIS FISH FARM - OUTLET
Yarrow DFo01 FT001 3369 6277 TINNIS FISH FARM - INLET
Yarrow FTo02 3378 6284 YARROW D/S TINNIS E.F. (LIST Il) 3780 2845
Ettrick EFOO1 FPOO% 3457 6280 PHILIPHAUGH FISH FARM - INLET
Eftrick EF002 58 6286 PHIUPHAUGH FiISH FARM - PONDS OUTLET
Ettrick EFO003 FPOO2 3461 6285 PHILUPHAUGH FISH FARM - LADE OUTLET
Gala EFO01 FLOO1 3429 6444 LUGATE FISH FARM - INLET
Gala EFOQ2 3442 6441 LUGATE FISH FARM - QUTLET
Gala EFOQ3 477 6380 GALAHAUGH FISH FARM - BOTTOM INLET
Gala EFO04 u7 6380 GALAHAUGH FISH FARM - BOTTOM QUTLET
Gata EF0O5 FGOO01 u77 6386 GALAHAUGH FISH FARM - TCP INLET
Gaia EF008 ¥/ 6386 GALAHAUGH FISH FARM - TOP OUTLET
Gala FG002 478 6381 GALA D/S GALAHAUGH FF {LIST Il) 47803818
Gala FLDO2 3441 6441 LUGATE D/S LUGATE FF (LIST NI} 4410 4419
Whiteadder NF003 FADOt 3759 6621  ABBEY ST. BATHANS FISH FARM - INLET
Whiteadder NFOO4 are2 6620 ABBEY ST. BATHANS F F. - OUTLET TO LADE
Whiteaddar NF0OS 3764 6520  ABBEY ST. BATHANS F F. - OUTLET TO RIVER
Whiteadder FADOZ 3762 6620  LADE FOOT A ST. B FF (LIST Il) 7620 6205
Whiteaddar FADQJ 3762 6618 WHITEADDER D/S A ST. B FF (LIST I} 7627 6180
Tweed PFOO1 FHOO1 32 6362 HUNDLESHOPE FISH FARM - TOP INLET
Tweed PFO02 3234 6362 HUNDLESHOPE F.F. - DISCH. TOP 3 PONDS
Tweed PFOO3 3230 6363 HUNDLESHOPE F.F. - DISCH. 4th POND
Tweed PFOO4 3229 6364 HUNDLESHOPE F.F. - INLET BOTTOM PONDS
Twood PFO0S 3228 6365 HUNDLESHOPE F.F. - DISCH. FROM FRY TANKS
Tweed PFO06 azes 6366 HUNDLESHOPE F.F. - DISCH. BOTTOM PONDS
Tweoed PFOO8 3228 6366 DISCHARGE FROM HUNDLESHCPE FISH FARM
Tweed FHOO2 3229 6364  HUNDLESHOPE BURN (LIST II) 2285 3645
Sites near sewage treatment works
River Area Codes Grid ret Sita description
Regular NSAP East North
Lyna BURN ABOVE LA.P.G.R (LIST il) 1390 4696
Lyne xg; g:g? 2653 BURN O/S |LA.P.G.R. (LIST Il) 1378 4586
Ettrick WS001 2474 6301 ETTRICK UrS SELKIRK SDW {cd&UI) 47483015
Eftrick WS002 3481 6313 ETTRICK UrS SELKIRK SDW (cd&Lil} 47483135
Jad WJ001 3658 6227 JED US JEDBURGH SDW (LIST i) 65842278
Jed W02 2559 6231 JED UrS JEDBURGH SDW (LIST 11} 65852318
Teviot WHOO1 3516 6154 TEVIOT Urs HAWICK SDW (LISTII) 51621543
Taviot WHDO2 2526 6163 TEVIOT D/S HAWICK SDW (LISTII) 52651635
Blackadder WD0o1 3810 6526 LANGTON B. UrS DUNS SDW {LISTIl) 81085266
Blackadder WD002 3812 6527 LANGTON 8. /S DUNS DOW (LISTII) 81225273
Blackadder w0003 3814 6527 BLACKADDER D/S DUNS SDW. O/F LIST I
Tweed WG001 3514 349 TWEED U/S GALA SDW (LISTII) 51403497
Tweed WG002 1523 £353 TWEED DsS GALA SDW (LISTII) 52303531




Appondix D

Landfill sites

River Area Codes Grid rot Site description
Regular NSAP East North

Lyne TB0o01 TB901 3034 6383 BURN UPSTREAM OF BIGGAR TIP
Lyne TB002 TB902 3036 6382 BURN 50m DOWNSTREAM OF BIGGAR TIP
Eddleston TNOC1 TN9O1 3242 6524 EDDLESTON ABOVE NEW PIPE NETHER FALLA
Eddleston TNOCI 3243 €519 EDDLESTON AT BRIDGE TO NETHER FALLA TIP
Eddlaston TNOO?7 TH902 3243 6513 EDDLESTON AT REES 150m BELOW WATERGATE
Teviot TS001 3495 6172 MANHOLE IN VALLEY ABOVE STIRCHES TIP
Teviot TS007 3498 6173 BURN AT END OF FIELD STIRCHES TIP
Taviot TS009 3509 6176 BOONRAW BURN AT A7 - STIRCHES TIP
Taviot T5010 3517 6174 BOONRAW BURN AT APPLETREEHALL - S.T.
Teviot TS0 3503 6176 BOONRAW BURN FCOT - STIRCHES TIP
Teviot TT0O1 TS9O 3485 6167 BURN ABOVE STOUSLIE TIP
Taviot TGOO1 TG9O1 3658 6438 EDEN UPSTREAM GORDON QUARRY
Teviot TGOOS5 TGS02 3659 6433 EDEN 50m D/S DITCH - GORDON QUARRY
Taviot TS802 3483 6182 BURN BELOW STIRCHES TIP (LIST II)
Teviot uTOoO1 3495 6172 MANHOLE BY LEACHATE LAGOON-STIRCHES TIP
Teviot uT002 3502 6163 BURN BELOW DYKE - STIRCHES TIP
Eden TWO006 TW904 3660 6443 EDEN 50m BELOW DITCH FROM FAWSIDE TIP
Eden TWO001 TWS01 3642 6455 EDEN ABOVE FAWSIDE TIP
Eden TWS02 3645 €457 EOEN D/S FAWSIDE TIP (LI} 6431 4553
Eden TWS03 3640 6454 EDEN U/S FAWSIDE TIP (LII) 6600 4455 (E)
Eden UTooS 3659 6434 GORDON QUARRY QUTLET
Tweed TMOO1 TMI01 3692 6450 BURN TO WEST OF CATMOSS TIP
Tweed T™O003 ™02 3 6449 BURN TO EAST OF CATMOSS TIP
Tweed TEOO1 as21 6363 ALLAN WATER ABOVE EASTER LANGLEE TIP
Twoed TEOO7 353 6361 ALLAN W, 300m O/S FOOTOF DITCHE L. TIP
Twoed TEo08 3521 6362 ALLAN W. U/S OF PIPE IN ELLWYN GLEN
Tweed TEO10 TFg02 3523 6355 ALLAN WATER FOOT - EASTER LANGLEE TIP
Twoed TFOO1 TFI01 as0 6424 ALLAN WATER ABOVE FARKNOWES TIP
Tweed TFoo? 3497 6445 ALLAN W. AT Us/S END MAIN LEACHATE LAGOON
Tweed TFO14 3505 6412 ALLAN WATER AT WATERGATE - FARKNOWES TIP
Tweed TNOO2 UTo03 3521 6379 DISCHARGE ABOVE LAGOON - E. LANGLEE TiP
Tweed TNOO4 UToC4 3616 6379 DISCH. FROM LEACHATE LAGOON - EE. TIP
Eddleston TNCOS 3242 6520 NEW PIPE FROM NETHER FALLA TIP
Eddleston TNOOG 3244 6507 DISCH. TO EDDLESTON 10m BELOW WATERGATE
Eddleston TDOO1 3243 6505 DISCH. FROM OLD TILE DRAIN 50m D/S W/G.
Eddleston TDoo2 3243 6503 DISCH. FROM OLD GRAVEL SEAM 75m /S
Jed TG0o2 TD%01 3633 6189 EAST DRAIN - DUNION HILL TIP
Jod TG003 TO%02 3812 6189 WEST DRAIN - DUNION HILL TIP
Teviot TGo04 3659 6432 OUTFALL END OF GORDON QUARRY
Teviot TS002 3657 6435 PIPE TO HEAD OF DITCH - GORDON QUARRY
Teviot TS003 3658 6435 FOOT OF DITCH - GORDON QUARRY
Teviat Twoo1 3492 6163 INLET TO 1st PUMPWELL STIRCHES TIP
Teviot TLOOZ2 3494 6162 CULVERTED BURN OUTLET STIRCHES TIP
Tweed TLOO3 TL9O1 3788 6580 CLEUGH 1 (788 580)
Tweed TLOO4 TL902 3793 6584 CLEUGH 2 (793 584)
Tweed TwOS TLSO3 3797 6588 CLEUGH 3 (797 588)
Tweed TLO06 TL904 3799 6591 CLEUGH 4 (799 591)
Twaod TEOC2 TLSOS 3793 6558 CLEUGH 5 (793 598)
Tweed TEOO3 TLOO6 3790 6598 CLEUGH 6 (790 595)
Tweed TEQO4 3513 6380 HEAD OF BURN TO NORTH OF E. LANGLEE TIP
Tweed TEQOS 3519 6366 NEW PIPE - E. LANGLEE TIP
Tweed TEQO9 3519 6367 OLD PITPE - E LANGLEE TIP
Tweeod TFo03 3520 6378 FOOT OF BURN TQO NORTH OF E. LANGLEE TIP
Tweod TF0OO4 3516 6372 PIPE IN ELLWYN GLEN - E. LANGLEE TIP
Tweed TFO0S5 3500 6420 Fe STAINED DISCH. AT FOOT OF BANK F/TIP
Tweed TFOO6 3500 6420 Fe STAINED DISCH. BY FORMER INTAKE F/TIP
Tweed 3500 6420 DISCH. FROM MAIN UNDERBRAIN. SYS. F/TIP
Tweed 3500 6420 PIPE BELOW TRUCKCRETE OFFICE - F/TIP
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