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Authority, on behalf of the Humber Estuary Committee. This report is the last to be produced in the

HEC format: future reports on the Estuary will be made as part of the annual review of the Humber
Action Plan.

Marion Justice
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The Environment Agency’s Humber Management Group (HMG), through its Humber Environmental Quality Project
Board (EQPB), co-ordinate Agency monitoring of the Estuary. Non-statutory Environmental Quality Objectives
(EQOs), designed to protect existing and potential uses of Estuary waters, are used as reference points for comparison of
results and trend analysis. Routine monitoring programmes of the whole Estuary, aided by intensive special surveys of
smaller areas, provide data on the quality of the Humber including its tidal tributaries and freshwater rivers, its industrial
and sewage inputs, accumulation of substances in its sediments and organisms, and the nature and diversity of its
invertebrate fauna and micro-organisms.

FRESHWATER FLOWS

The influence of the dry spring was reflected in the rapid loss of flows during the later part of April. Flows remained low
throughout the summer, only beginning to increase again in late October and early November.

CHEMICAL QUALITY

There was continued improvement in dissolved oxygen levels in the tidal waters, with only two sites failing the
Environmental Quality Standard (EQS) and even these showing an improvement on previous years. Levels of ammonia
also reduced, with all sites complying with the EQS. Levels ofall List | and List 1l metals complied with their respective
EQSs except copper, which is an ongoing problem in the Estuary. Levels of synthetic organic compounds complied with
the EQSs with the exception of Lindane on the River Aire at Snaith.

Metal loads entering the Humber system via the non-tidal rivers, industrial and sewage discharges were all below the
five-year mean and were generally lower than those reported in the previous year.

The concentrations of metals in the tidal river and intertidal estuarine sediments were generally lower than the five-year
mean. The majority of metals results for subtidal sediments were below the five-year mean with the exceptions of
mercury and zinc, which averaged about 30% above the five-year mean at halfthe sites. Inaddition, three sites showed
levels higher than the five-year mean for most metals. This continued accumulation of metals could be a result of the
deposition of dredge-spoil combined with the effects of sediment mobility and mudbank accretion.

The concentrations of metals in the tissues of ragworms and seaweed showed no clear pattern, with some sites being
below and others above the five-year mean. Similarly for brown shrimp no clear pattern emerged although all the results
were within the normal range.

BIOLOGICAL QUALITY

The biological quality of the tidal rivers remained similar to previous years suggesting no significant improvements in
water quality.

There was little significant change in the intertidal fauna of the Estuary, which remained ofgood quality. Changes were
attributed to natural population surges and reductions, specific pollution events and sediment disturbances. At one site,
Grimshy, the continued faunal improvement is confidently attributed to the abatement of a sewage discharge.

Subtidal biology of the Estuary suggests a continued state of organic enrichment in the middle and upper reaches and
poor environmental conditions near the main channels of the lower reaches due to mobile sediments.

Microbiological tests on sediment samples were carried out for the first time in 1994. The intertidal results suggested
sewage contamination of the mudflats in the outermost part of the Estuary, particularly around the Cleethorpes sewage
outfall. The subtidal results showed peaks of bacterial contamination coinciding with the confluence of the main
tributaries and with the main sewage outfalls from Hull and Grimshy.

The abundance and species richness of the fish community in the Estuary were generally comparable with or better than
recent years.
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SECTION I
THE QUALITY OF THE HUMBER ESTUARY

11 INTRODUCTION

The Humber Estuary is the largest estuary in the United
Kingdom, with a catchment draining over 24 000 sq
km, one fifth of the area of England (Figure 11). Much
of the country’s coal output, electricity generating
capacity and manufacturing industry is located within
the Humber catchment and 11 million people live in the
area

The Estuary is also one of the main freshwater inputs to
the North Sea with the catchment generating an average
of 250 cubic metres of freshwater per second  This
freshwater is derived from two major river systems, the
Trent and the Yorkshire Ouse The Estuary has a tidal
range of 6.5 metres at its mouth rising at Saltend to a
maximum of 7 2 metres, which is the largest range on
the East coast of Britain. A typical spring tide can
move the water in the Estuary upstream by 5 km

Figure 11  The Humber Estuary and its Catchment

1994

(depending on freshwater flow, location and wind),
reversing the river flows This energetic system results
in large amounts of both riverine and marine sediments
suspended in the water, giving the Estuary its
characteristic brown colour The sediment gradually
settles out, forming the productive mud-flats which line
the Estuary shores

In the past, industries were allowed to discharge large
quantities of substances directly into the Estuary
without restriction. Many of these substances are now
trapped within the sediments and can be released in
areas where the Estuary bed or banks are eroding.
Current industrial discharges to the Estuary are
controlled and the quantities of contaminants
discharged are decreasing
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Despite historical use, the Estuary is biologically very
productive and supports internationally important
numbers of over-wintering birds. Between Trent Falls
and Donna Nook, for example, the Humber Flats and
Marshes are recognised as internationally important
with counts of approximately 14 000 wildfowl and
77 000 waders Large areas of the shoreline are
designated as Sites of Special Scientific Interest (SSSIs)
and there are also several nature reserves managed by
the RSPB and other conservation bodies.

The Estuary is an important nursery area for flatfish
such as plaice, Pleuronectes platessa. It is also a
spawning area for sole, Solea solea, and 25 fish species
have recently been recorded in the Estuary (section
4.7.4).

The management of the quality of the Humber Estuary
was, until 1996, the responsibility of three NRA
regions: Anglian, Severn-Trent, and Northumbria &
Yorkshire, co-ordinated by the Humber Estuary
Committee (HEC). It now comes under the jurisdiction
of the equivalent Environment Agency Regions
(Anglian, Midland and North East) and is co-ordinated
by the Humber Management Group (HMG). The
monitoring programme undertaken by the HMG each
year enables the Agency to assess the amounts of
substances discharged into the tidal rivers and Estuary,
and the concentrations in the river and Estuary water.
These are then compared to the Environmental Quality
Standards (EQSs) to determine compliance for specific
substances. These mandatory standards are given for
toxic, persistent and bioaccumulative substances on List
I of Directive 76/464/EEC on ‘Pollution caused by
Certain Dangerous Substances Discharged into the
Agquatic Environment’. National standards are set for
List 1l substances of the same Directive which are
considered less dangerous than those of List 1.
Discharges of these substances are controlled by the
Agency through the issuing of discharge consents and
authorisations.

1.2 REPORT ON THE QUALITY OF THE
HUMBER ESTUARY 1980 - 1990

In July 1993, the NRA produced a report on the
‘Quality of the Humber Estuary 1980 - 1990°, which
reviewed the results of ten years of monitoring on the
Humber including freshwater inputs, chemical and
biological quality and fish populations

The report showed that pollution loads to the tidal
rivers and Estuary have decreased and that most
substances were well within the EQSs. This was
achieved by reductions in effluent inputs via efficient
pollution control measures and the closure of Capper
Pass smelting works near Brough. Within the ten year
period, the estuarine faunal communities remained
relatively stable and the Humber continues to be a very

productive Estuary. In certain areas there was also a
decrease in the accumulation of metals in sentinel
species, such as ragworms, providing further evidence
of general improvements in environmental quality.

Migratory salmon (Salmo salar) were sighted in the
Wharfe, Ouse, Trent and Don catchments , but it is not
known if salmon stocks were increasing in line with the
water quality improvements noted during the decade.

Industries along the Estuary are now strictly regulated
and more environmentally aware. They are installing
more efficient treatment plants and employing
manufacturing techniques which produce less waste
Sewage treatment works in the inland catchment are
also improving and the implementation of the Urban
Wastewater Treatment Directive (UWWTD) should
require at least secondary treatment to be introduced
for all major sewage discharges to the Humber With
this combined effort, the improvements in water quality
between 1980 and 1990 are expected to continue
through the present decade

1.3 CATCHMENT MANAGEMENT PLANS

The majority of the Catchment Management Plans
(CMPs) for the Humber and related rivers were
published in 1995/96. The relevant CMPs include:

e Humber Estuary

e Hull and Coast

e Don, Rother and Deame

e Derwent

e Swale, Ure and Ouse

e Nidd and Wharfe

e Grimshy

e Ancholme

With the formation of the Environment Agency in 1996,
the scope of CMPs will be widened to take account of
the integrated nature of the EA. CMPs will be replaced
by Local Environment Action Plans (LEAPS) and will
include issues relating to air quality and waste
regulation  The Lower Trent LEAP is due for
publication in 1998 To avoid confusion between the
many different plans and initiatives on the Humber area,
the Agency has agreed to integrate its Humber CMP
with the Humber Estuary Management Strategy
(HEMS).
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SECTION 2
FRESHWATER FLOWS

21 INTRODUCTION

The major flows of freshwater into the Humber Estuary
are from the Trent and Ouse Catchments. Minor
components include the catchments of the Hull,
Foulness, Mires Beck and the Ancholme.

The Ouse Catchment flows are derived mainly from the
Rivers Don, Aire, Wharfe, Derwent and upper Ouse.
The upper Ouse flows reflect the inputs from the Rivers
Swale, Ure and Nidd which drain from North
Yorkshire. Within the Ouse catchment the following
flow measurement gauging stations are used.

River Don Doncaster
River Aire Beal

River Wharfe Tadcaster
River Derwent  Buttercrambe
River Ouse Skelton

There are secondary flows to the Ouse catchment
through the Don from the River Went at Walden Stubbs
and through the Ouse from the River Foss in York.

The flows in the River Trent are measured at North
Muskham where the gauging station is currently being
improved

Figure 2.1 Flows to the Humber,in 1794
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MAR MAY

Flows in the minor catchments are also measured.
However, the measurement of flows in the River Hull is
problematic and, at present, flow data are not available.

There are a number of large abstractions on most of the
principal rivers flowing to the Estuary. Water is
abstracted, under licence from the Agency, for
agricultural and industrial purposes as well as public
water supply. The majority of abstracted water is
returned to the river, although up to 40% may be lost
by evaporative cooling at power stations such as
Ferrybridge and Drax. Water is diverted from the River
Aire at Beal and from the River Don at Long Sandall
near Doncaster into the British Waterways Board’s
canal system This diverted water re-enters the Estuary
via Goole docks.

2.2 FRESHWATER FLOWS TO THE
HUMBER IN 1994

Freshwater flows to the Estuary between January and
May show the effect of storms (see Figure 2.1)
although winter peak flows did not represent
particularly significant flood events in the long-term
record. The influence of the dry spring can be seen in
the rapid loss of flow during the later part of April
Flows remained low throughout the summer and only
began to pick up in late October and early November.

OCT NOV DEC

Aire Went

Ouse Derwent
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Figure 2.2 Contributions to the Flow of the Humber
100 -r

JAN FEB MAR APR MAY

Trent 9 Don O Aire d Went m Wharfe O Ouse m Foss OO Derwent

Figure 2.2 shows that the largest single contribution to
freshwater flow comes from the River Trent. This is
particularly so during the summer months when flows
from the other principal rivers (Don, Aire, Ouse) are
similar to each other During the winter months the
contribution from the Quse increases significantly and,
in some storm events, can equal that of the Trent (The
data has been corrected for the two large public water
supply abstractions on the Derwent).

The Rivers Went and Foss are generally insignificant in
their contribution to the Humber

It is important to emphasise that these flows represent
the total input to the Estuary and not the flow that
might be measured within the Estuary. Tidal influences
will tend to block freshwater flow at high tide and cause
a flow surge at low tide Within the Estuary, daily
maximum flows following spring tides may considerably
exceed the freshwater inputs
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SECTION 3
CHEMICAL QUALITY

3.1 INTRODUCTION

The chemical monitoring programme aims to measure
the levels of metals, organic compounds, dissolved
oxygen and other determinands in the tidal rivers and
Estuary and entering the system via effluent discharges.
Water samples are collected from twelve sites along the
five tidal rivers and six sites in the Estuary (Figure 3.1).
The analytical results are compared to the relevant
Environmental Quality Standards (EQSs) (Appendix 1).
These standards apply only to concentrations of
substances in the water column since no EQSs have yet
been set for sediments or biota. Typical standards are:

e annual mean e.g. metals,

e percentiles e.g. dissolved oxygen, ammonia,

e ranges e.g. pH,

e maximum permitted levels e g Endrin.

The annual mean is calculated using all the results
obtained for the Humber Survey during the calendar
year In some cases, the chemical analysis may not
detect a particular substance because its concentration
in the sample is below the lowest limit that the current
method of analysis can detect i.e. the ‘limit of detection’
(LOD). In such cases, a ‘less than’ (<) value is
reported e.g. <0.05 jig /I where the LOD is 0.05 pg/l
In order to include these values in the calculation of the

Figure 3.1

The Humber Survey Chemical Monitoring Sites

mean, the ‘less than’ figure is taken at half the actual
value.  For instance, if the limit of detection for a
particular substance is 1 ng/1, the true level of that
substance in a sample which indicates 0 ng/1 could be
anywhere between 0 |ig/l and 1 jig/l. Half the LOD in
this case would be 0.5 ng/1, and this estimate would be
used in the calculations. An alternative would be to
calculate the mean taking the ‘less than’ figures as equal
to zero and as equal to the LOD, thereby giving the
lowest and highest means (see section 3.4.2).

Percentiles (%iles) are used where levels of substances
either below or above a particular value are of concern.
The most commonly used are the 95 and 5 %iles. For
example, the EQS for dissolved oxygen in tidal rivers is
a 5 %ile of 40% saturation. This means that the
dissolved oxygen level in the rivers should be at least
40% for 95% of the time, or, should not fall below 40%
for more than 5% of the time.

Ranges are used for determinands such as pH, where
both high and low levels can be harmful to aquatic life.

Maximum permitted levels, like some percentiles, are
used where the concentration of a substance above a
specific level is of concern.
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3.2 CHEMICAL QUALITY OF TRIBUTARIES
UPSTREAM OF THE TIDAL LIMITS

The 1994 results for biochemical oxygen demand
(BOD), ammonia and unionised ammonia at the sites
immediately upstream of the tidal limits of the Humber
tributaries are compared to the 1993 results in Table
3.1

Table 3.1 Freshwater Results 1994
STATION BOD(ATU) mg 1
MEAN 95 %ilc
1993 1994 1993 1994

Ouse at Nabum 2.21 2.39 5.00 385
Wharfe at Tadcaster 2.10 1.60 3.60 1.96
Aire at Beal 5.67 5.77 11.20 10.88
Don at North Br 4.04 2.94 8.40 4.16
Trent at Dunham* 4.22 2.29 6.56 3.35
Derwent at Loftsome Br 1.47 141 3.80 2.09
Idle at Misterton 4.25 3.00 6.49 5.50
Bottesford Beck at

Snake Plantation 568 6.08 8.74 11 88
Three Rivers at Keadbv 3.33 3.07 6.27 5.60
Hull at Dr\pool Br 2.21 2.10 5.00 2.63

1993

MEAN
1994
0.30 0.24
0.11 0.08
181 0.97
2.24 1.04
0.29 0.00
0.11 0.06
0.15 0.12
8.39 5.28
0.34 0.84
1.49 0.22

* 1993 values are for the Trent at Winthorpe Bridge: the sampling site has now been shitted to Dunham.

3.3 COMPLIANCE WITH EQSs
WATERS

Compliance with EQSs in the tidal reaches of the
Humber Estuary are summarised in Table 3.2. More
detail on compliance is shown in Appendix 2 (Tables
A2.1 to A2.8).

IN TIDAL

Table 3.2 EOS Passes/Fails 1994
STATION Temp DO pH  Amm As cd Cr Cu Fe Hg Pb
TIDAL
RIVERS
OUSE
Cawood Past Pats Patt Past Pass Pass Past Past Past Pass Pass
Selbv Past Pass Past Past Pass Pass Past Pass Patt Pass Patt
Drax Pass Pass Pass Pass Past Pass Pass Past Past Pass Past
Boothferry Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pats
BUcktoft Pass Pass Past Past Pass Pass Pass Pass Pass Pass Pass
AIRE
Snafth Pass | FAIL 1 Pass 1 Pass 1 Pass 1 Pass 1 Pass 1 Pass | Pass | * | Pass
DON
Kjrk Brarawiih  Past Pass  Patt Pass * Past Pass Pass Past Pass Patt
RawcUffe Pass FAIL Pass Past Pass Pan Past Pass Pass Pass Past
TRENT
Dinhain Pass Pass Pass Pass Pass Pass Past Pass Past Pass Pass
Gamsborough Past Pass  Pass Pass Pass Past Pass Past Patt Pass Pass
Keadby Pass Pass Pass Pass Past Past Pas. Past Pass Pass Pass
WHARFE
Rythar Pvt | Pass | Pass | Paas | Past | Pass | Pass | Past | Past | Pass | Pass
Brough Past Pass Pass  Pass  Pass Pass Past FAIL Pass Pass Pass
New Holland Patt  Pass  Pass . Paas  Pass Paas FAIL Pass Pass Past
Albert Dock Past Pass Pass Pass Past Pass Pass FAIL Pass Pass Patt
Sahend Past Pass Pass Pass Pass Pass Pass . Past Pass  Pass
fdiinfthokne Pass  Pass  Past . Pass  Pass Past Pass Past Pass Pass
Spum Pass Past Pass Pass Past Pass Past * Patt Pass  Pass

Past
Pan
Pass
Past
Pass

Pass |

Past
Past

Past
Past

Past

Past

Past
Paas
Pass
Pass
Pass
Past
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Zn

Pats
Pats
Past
Past
Patt

Pass

Pait
Patt

Pan
Patt

Past

Past
Pass
Pass
Pass
Pass
Pass

Past
Past
Past
Past
FAIL

Pass

Pass

Past

Pas.

Past

Pats

Pass

Past
Pass

Past

AMMONIA (mg/1 - N)

95 %ilc
1993 1994

082 0.53

0.36 0.14

3.36 1.69

5.64 1.59

0.83 0.01

0.85 0.13

0.47 0.33
12.26 11.03

152 2.06

0.82 0.37

V. TCB HCH DDT
tot

Pass . Pan  Past
Past Pail  Pait
FAIL Pais  Past
FAIL . Pass  Past
Past . Past Pat.
Past | * | FAIL | Pass |
* . Pass  Pas.
Past . Pass  Past
Pass . Pass  Past
Past . Past  Pat.
Pass . Pass  Past
Past | * | Patt | Patt|
Past . Pass  Pass
. . Past  Pass
Pass . Pass  Pais
Pass . Paas  Pass
* . Pass  Pas.
Past * Paas  Pas.

UNIONISED AMMONIA (mg/1)

MEAN
1993 1994
0.004 0.004
0.001 0.002
0.009 0.040
0.012 0.007
0.182
0.001 0.001
0.002
0.088
0.007
0.007 0.003
DDT PCP CTC Dms
PP tot
Past Pass Pas. Past
Pan Past Patt Pass
Past Past Past Pas.
Pan Pan Pas. Pas.
Pat* Pass Pass Patt
Patt | Past | Past | Pass
Pan Pan Pass Pait
Past Past Patt Pass
Pan . . Past
Pan . . Pan
Past * . Pass
Pass | Past | Past | Paat |
Pat. Pait Pas. Past
Pass  Pass * Pass
Past Past Past Past
Pass Pass Past Past
Pas. Pass . Past
Past Pass Past Pan

95 %ile
1993 1994
0.244 0008
0.039 0.004
0.104 0.125
0.040 0.015
0.017 0.289
0.051 0.003
0.102 0.004
0.253 0.197
0.010 0.016
0.024 0.006
Endrin! TCE DCE 1 PER
Past
Pass
Pats Past Paas Pass
Pass Pats Pass  Pass
Pass Pass Paas Pass
Patt | Pass j * | Past
Pass  Pass . .
Pass Past Pass  Pass
Pass . . .
Pass . . .
Pass * . .
Past | Past L B
Pass Pais Pass  Pass
pita . .
Past Past Pass  Pass
Past Past Pass Pass
Past * . .
Paas Patt Paas Pass



3.3.1 Temperature

The EQS for temperature was not exceeded at any site
during 1994.

3.3.2 Dissolved Oxygen

The improvement in dissolved oxygen concentrations
seen in 1993 continued in 1994 with only two sites (the
Aire at Snaith and the Don at Rawcliffe Bridge) failing
the EQS. Even the Rawcliffe Bridge site showed some
improvement with the 5 %ile dissolved oxygen
concentration at 38% compared with 33% in the
previous year.

3.3.3 Unionised Ammonia

All sites complied with the ammonia EQS in 1994,
including the Aire at Snaith, which failed in the previous
year.

334 pH

All sites on both the tidal rivers and the Estuary
complied with the pH EQS.

3.3.5 Metals

EQSs for metals are set as the annual average
concentration of either the total or the dissolved
fraction.

3.3.5.1 LISTIMETALS

The List | metals, cadmium and mercury, are considered
the most toxic due to their tendency to accumulate in
living tissues and cause physiological harm. The EQSs
for both are set for total metal in the tidal rivers and for
dissolved metal in the Estuary.

All sites complied with the EQSs for both cadmium and
mercury in 1994, although cadmium levels were slightly
higher than in 1993.

3.35.2 LISTIIMETALS

Arsenic levels during 1994 were similar to those of
1993 and all sites complied with the EQS. Two tidal
river sites, at Selby and Drax on the Ouse, did show
considerable increases in arsenic levels compared to the
previous year (5.4 ug/l and 6.1 ug/l respectively
compared to 3.76 ug/l and 2 98 ug/1).

Chromium levels on both the tidal rivers and the
Estuary met the EQS in 1994 with levels similar to
those of 1993.
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Copper levels at all the tidal river sites complied with
the EQS in 1994 despite generally higher levels than in
1993. The Estuary sites failed, although by only a very
small margin, at all but one site. Work by the Water
Research Centre (WRc 1990) has suggested that less
than 1% of copper in saline water is in the non-
complexed form and is readily bio-available. Therefore
the copper failures are not considered to be of serious
concern.

Nickel levels at most sites showed a decrease in 1994
and all sites complied with the EQS.

Lead levels at all sites complied with the EQS in 1994
Zinc levels complied with the EQS at all sites in 1994.

Iron levels in 1994 were similar to those for 1993 and
all sites complied with the EQS.

3.3.5.3 BORON & VANADIUM

Levels of boron and vanadium were first reported for
the 1992 Humber Survey. It was hoped that Anglian
Region would include these metals in the 1994
programme but this was not possible. The results from
the other Regions indicated failures of the EQS for
boron on the River Ouse at Blacktoft Jetty and for
vanadium at Drax and Boothferry Bridge.

3.3.6 Synthetic Organic Compounds
3.3.6.1 CHLORINA TED SOLVENTS

Chlorinated solvents such as trichloroethylene (TCE)
were reported as part of the Humber Survey for the first
time in 1993 to comply with amendments to Annex Il
of the Dangerous Substances Directive (86/280/EEC).
Other chlorinated solvents also added to the Humber
Survey and reported for the first time in 1994 included:

trichlorobenzene (TCB)

tetrachloroethylene (PER)

1,2,dichloroethane (DCE).

Levels of TCE were slightly higher than in 1993 but still
well below the EQS of 10 ug/1. No data were available
for TCB but both PER and DCE were also well within
the 10 ug/l EQS.

3.3.6.2 HCH (Lindane & other isomers) & THE
DRINS

One tidal river site, the Aire at Snaith, failed the EQS
for HCH in 1994 but this is unlikely to be representative
since the mean was based on only two sample results.
All other sites on both the tidal rivers and the Estuary
were well within the EQS, with mean levels all less than
one third of the EQS and only two maximum results
greater than the EQS.
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The ‘drins include Isodrin, Dieldrin, Aldrin and Endrin
Ail sites complied with the EQS for both total ‘drins
and Endrin (which has an individual EQS), and all the
Endrin results were below the limit of detection.

3.3.6.3 DDT (OP & PP)

EQSs are set for both total DDT (which includes the
OP and PP isomers) and for the PP isomer alone. In
both cases, all sites complied with both EQSs and for
the PP isomer all but one result was below the limit of
detection.

3.4 LOADS DISCHARGED TO THE HUMBER
ESTUARY

3.4.1 Introduction

EQSs prescribe the maximum concentration of specific
substances permitted in the water column, but
information is also required on the total quantities
discharged to watercourses (i.e. the °‘loads’). The
advantage of a calculated load is that it estimates the
amount of a substance entering a water body (and
therefore available for deposition into the sediment or
release into the sea), rather than the concentration at
any given point. This is particularly important for
industrial effluents where the effect may be related more
to the actual amount discharged than to the
concentration of that discharge. (The concentration
may be high but with little impact because of a low
overall volume).

Loads are calculated by multiplying the concentration of
a given substance in an effluent or river by the flow at
the time of sampling. The loads calculated for this
report are those from the major industrial and sewage
discharges downstream of the tidal limits and those
entering the Humber via the freshwater rivers. It must
be noted that the figures reported for the rivers include
loads from industrial and sewage discharges upstream
of the tidal limits.

The Humber Estuary Report 1992 showed loads of
metals such as mercury steadily decreasing over the last
ten years, whereas the Contaminants Entering the Sea
Report (1995) has shown them increasing.  This
discrepancy is a consequence of the way that results
which are lower than the limit of detection (LOD) are
used in the load calculations (see section 3.1).
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3.4.2 Effects of Different Methods of using LOD
Data on Calculated Loads

LOD values can be treated in several ways when
working out averages and percentiles:

A. ignore the ‘less than’ sign and assume the
substance to be present at the LOD (often called a
‘high load’),

B divide the LOD by two and use this value in the
calculation,

C. assume all ‘less than’ values to be zero (often
called a low load),

D. ignore the ‘less than’ values and calculate the load
using only real values (i.e. a smaller sample is
used).

Figure 3.2 shows the results of load calculations on a
four-year fictional data set using each of the four
methods outlined above. Over the four years the loads
almost halve with methods A and D, decrease slightly
with method B, and nearly double with method C.

Figure 3.2 Loads Calculated using Four Different

Methods n
25T
2T
5 151
a
lijfcl . m
Year 1 Year 2 Year 3 Year 4

® Method A m Method B O Method C B Method D

343 Interpreting Load Data

The example above shows the difficulties in interpreting
loads where there are a significant number o f‘less than’
values in the data set. Loads of BOD, ammonia and
TON are much less affected by this mathematical
artefact since they are rarely present at levels lower than
the LOD. On the test data set, method B (including
‘less than’ values at half the LOD) provides the most
stable result. This is the method generally used when
calculating means for EQS compliance and is the
method used elsewhere in this report (see section 3.1).
However, this does not solve the problem of assessing
whether or not metal loads are decreasing From the
measurements of concentration in the water column
they seem to be decreasing, but this is not the method
used by the Paris Commission in assessing the levels
discharged to the North Sea.

The only safe conclusion to draw from the load data is
that, as the ‘high’ and ‘low’ load calculations converge
with improvements in the LOD, we are closer to
measuring the real situation. This should result in
easier, and better, comparisons over the next ten years



Since previous Humber Estuary Reports have used
method B (including ‘less than’ values at half the LOD),
this is the preferred method for reporting the 1994 data
and comparison with the five-year mean (Figure 3.3a -
3.3i)). In addition, the Parcom/AlA data are also
presented using methods A and C (thereby giving the
‘high” and ‘low loads’) for completeness (Figure 3.4a -
3.4h)" and to allow comparison with the North Sea
reports. The differences which appear in the two sets
of graphs are due mainly to the fact that there is only
partial overlap in the sites used in the Humber Routine
Survey Programme and those used in the Parcom/AlA
programme (see Appendix 3). In addition, the sampling
programme for Parcom/AlA is more frequent than the
Humber Survey, and this may contribute to the
statistical differences.

3.4.4 Cadmium and Mercury

The loads of these two List | metals from all three
sources (section 3.4.1) in 1994 were well below the
five-year mean (Figures 3.3a & 3.3b). The most
substantial differences were in the cadmium loads from
industry, which were 0.2 kg/day in 1994 compared to a
five-year mean of 2.56 kg/day, and the mercury loads
from the rivers, which were 0.18 kg/day in 1994
compared to a five-year mean of 2.46 kg/day. Both
metals show a continuation of the decrease first seen in
1989.

Figure 3.4a shows that the calculated ‘high’ and ‘low’
loads for cadmium are almost identical because very
few ‘less than’ values were reported, whereas there is a
significant difference between the ‘high’ and ‘low’ loads
for mercury in tidal rivers and sewage effluents - where
a substantial proportion of values were reported as ‘less
thans’ (Figure 3.4b).

3.45 Other Metals

In 1994, the loads of other metals from all three sources
were lower than the five-year mean.  Points of
particular interest are discussed below.

Arsenic loads in 1994 were substantially lower than the
five-year mean (Figure 3.3c), although the rivers load
showed an increase on 1993. The decreases in effluent
loads were particularly large at 0.6 kg/day in sewage
effluents and 0.7 kg/day in trade effluents compared to
five-year means of 14.6 kg/day and 360 kg/day
respectively and 1993 loads of 2.3 kg/day in both
sewage and trade effluents. The huge decrease in trade
effluents are thought to be primarily due to the closure
of Capper Pass, which was the Estuary’s largest source
of arsenic.

1 No graph is pro\ided for ‘high' and ‘low’ loads of iron since it is
not included in the Parcom/Al A programme.
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Copper loads for tidal rivers and sewage were similar
to the five-year mean, but were substantially lower for
industrial inputs in 1994, at 19 kg/day compared to a
five-year mean of 240 kg/day (Figure 3.3d) and 30
kg/day in 1993.

Chromium loads in industrial effluents decreased
significantly with levels of 96 kg/day reported in 1994
compared to a five-year mean of 903 kg/day and 240
kg/day in 1993 ( Figure 3.3¢e).

Nickel loads in the tidal rivers were 187 kg/day in 1994
compared to a five-year mean of 245 kg/day and 248
kg/day in 1993 (Figure 3.3f).

Lead loads in the tidal rivers showed a decrease in
1994 to 139 kg/day, which was well below the five-year
mean of 284 kg/day (Figure 3.3g) following the very
high loads of 454 kg/day reported in 1993.

Zinc loads in sewage effluents showed a similar pattern
to lead in tidal rivers, dropping below the five-year
mean of 63 kg/day to 25 kg/day in 1994 (Figure 3.3h)
after exceeding it in 1993 with levels of 96 kg/day.

Iron loads were not reported in 1993 but in 1994 the
highest loads by far were from industrial effluents with a
negligible contribution from sewage discharges (Figure
3.3i).

As mentioned above (section 3.4.3) Figures 3 4a - 3.4h
show the ‘high’ and ‘low’ loads of metals in the tidal
rivers, sewage and industrial effluents, for comparison
with the Contaminants Entering the Sea Report. In
most cases, there was little or no difference between the
‘high” and ‘low’ loads of metals since most of the
results for 1994 were above the limit of detection. The
exceptions were arsenic loads in the tidal rivers (Figure
3.4c) and mercury loads in the tidal rivers and sewage
discharges (Figure 3.4 b).

It is notable that for most metals (cadmium, mercury,
arsenic, copper, nickel and lead) the greatest loads
entered the Humber system via the freshwater rivers
The highest loads of chromium arose, not surprisingly,
from sewage discharges, followed closely by industrial
discharges. The highest zinc loads arose from industry.
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35 METALS IN TIDAL RIVER SEDIMENTS

Sediments are collected bi-annually from seven sites on
the tidal rivers (Figure 3.5). In general, the levels of
metals in the tidal river sediments showed a continuing
decrease in 1994 with most sites having levels of most
metals lower than the five-year mean (1990 - 1994).
The few sites where the 1994 results exceeded the five-
year mean are consistent with the downstream
migration of  historically contaminated sediments
(suggested as the cause of the elevated metal levels
reported in 1993). Data were not available to allow the
calculation of the five-year mean at site TR7.

Arsenic levels in 1994 were below the five-year mean
except for a fractionally higher result at TR2 as shown
in Figure 3.6a

Mercury levels in 1994 were generally lower than the
five-year mean except for negligible increases at two
sites (Figure 3.6b). The results from sites TR1 and TR6
were significantly lower than the five-year mean
because of substantial reductions on the levels reported
in the previous year: the results for both sites fell to
about 0.2 mg/kg in 1994 following peaks in 1993 of
nearly 3.4 mg/kg at site TR1 and 1.5 mg/kg at site TR6.

Copper levels in 1994 were lower than the five-year
mean at all tidal river sites (Figure 3.6c).

Cadmium levels were lower than the five-year mean at
all sites in 1994 (Figure 3.6d). Substantial reductions
compared to 1993 were reported at sites TR1 (4.0
mg/kg in 1993 to 0.4 mg/kg in 1994), TR4 (3.75 mg/kg
to 0.3 mg/kg) and TR6 (3.0 mg/kg to 0.3 mg/kg).

Chromium levels in 1994 were lower than the five-year
mean (Figure 3.6e) and all sites showed a decrease
compared to 1993.

Nickel levels in 1994 were lower than the five-year
mean at all sites (Figure 3.6f).

Lead levels in 1994 were lower than the five-year mean
at all sites except TR2 (Figure 3.69).

Zinc levels in 1994 were lower than the five-year mean
at all sites and substantially lower at site TR1 (Figure
3.6h).

Iron levels in 1994 slightly exceeded the five-year mean
at sites TR2 and TR5 but were lower at the remaining
sites (Figure 3.6i).
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Figure 3.6a  Arsenic in Tidal River Sediments Figure 3.6b  Mercury inTidal River Sediments
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3.6 METALS IN INTERTIDAL ESTUARY
SEDIMENTS

Sediments are collected bi-annually from twenty sites in
the Estuary (Figure 3.7). As with the tidal rivers
sediments (section 3.5), the levels of metals in the
estuarine sediments showed a continuing decrease in
1994 with most sites having levels of most metals lower
than the five-year mean (1990 - 1994). For most
metals, the 1994 results from the South Bank sites were
substantially lower than in 1993. This is possibly a
result of a change in the method of processing the
sample. Until 1993, sediment samples were wet-sieved
then dried but, in 1994, drying prior to sieving was
introduced and there is some evidence that this has had
a significant effect on the proportion of material of less
than 63 |im retained in the sample. The results from the
North and South Banks were similar except for arsenic
which was slightly higher at the South Bank sites.

Arsenic levels in 1994 were below the five-year mean
(Figure 3.8a). In general, the results from the North
Bank were slightly lower than those from the South
Bank

Mercury levels in 1994 were generally lower than the
five-year mean except for a negligible increase at site
N10 (Figure 3.8b). Overall, the levels on both banks of
the Estuary were similar.

Copper levels in 1994 were lower than the five-year
mean at all sites, although the results from the North
Bank remained slightly higher than those from the
South Bank (Figure 3.8¢)

Figure 3.7
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The Humber Survey Intertidal Sediment Sites
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Cadmium levels in 1994 were below the five-year
mean except at sites N9 and SI (Figure 3.8d).
Excluding these two sites, the results for both banks of
the Estuary were similar

Chromium levels in 1994 were similar to the five-year
mean at sites N1 and N2 but lower elsewhere (Figure
3.8e). Ail sites showed a decrease compared to 1993.
The highest levels were found on the South Bank
around the major outfalls.

Nickel levels in 1994 were lower than the five-year
mean at all sites (Figure 3 8f).

Lead levels in 1994 were similar to the five-year mean
at site N6 and slightly higher at site N2 but lower
elsewhere (Figure 3.89).

Zinc levels in 1994 were generally lower than the five-
year mean, particularly on the South Bank (Figure
3.8h). Despite reductions, the highest levels were on
the South Bank near the main inputs.

Iron levels in 1994 slightly exceeded the five-year mean
at several North Bank sites (Figure 3.8i). There were
no comparable exceedences on the South Bank as a
result of an historically higher five-year mean. The
levels reported for both banks of the Estuary were
similar

Stallingborough
Grimshy

Cleahotpet

Northooaiet



Figure 38a  Arsenic in Intertidal Estuary Sediments
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Mercury in Intertidal Estuary Sediments

Figure 3 8b

NI N2 N3 N4 NS N« N7 NS N9

0.4 South Bank
03
0.2
0.1
0
Sl S2 S3 S84 SS S6 S7 S> S9 SI0

15 yr mean m 1994

Figure 3.8d Cadmium in Intertidal Estuary Sediments
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Figure 3.8g Lead in Intertidal Estuary Sediments Figure 38nh  Zinc in Intertidal Estuary Sediments
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3.6 METALS IN SUBTIDAL SEDIMENTS

Fourteen subtidal sites on the Humber are sampled
annually for metals and some Organics in the sediments
(see Figure 3.9). The metals results for 1994 are shown
in Figures 3.10a-h. All the cadmium results were less
than the LOD in 1994 and are therefore not illustrated
The majority of results from 1994 were below the five-
year mean for most of the metals, except mercury and
zinc for which half the results were greater than the
five-year mean  Three sites (ST6, ST7 and ST10)
showed levels in 1994 higher than the five-year mean
for most metals It is possible that the continued
accumulation of metals at these three sites is a result of
the deposition of dredge-spoil in the area combined
with the effect of sediment mobility and mudbank
accretion. The change in sample processing discussed
in section 3.6 above also applies to subtidal samples.

Figure 3 10a Arsenic in Subtidal Sediments
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Figure 3.10d Chromium in Subtidal Sediments
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3.7 BIOACCUMULATION IN
ORGANISMS

The levels of certain substances accumulated by some
aquatic organisms provide a longer-term view of the
chemical quality of the Estuary. Many
macroinvertebrates and flora are exposed to the water
column either continuously or for a large proportion of
their lives, and tend to accumulate certain substances
within their tissues. Analysis of these tissues can help
to assess the quality of the water column over a longer-
time period with the major fluctuations damped There
are twenty-one shore-based and three subtidal sites in
the Estuary where organisms are collected for tissue
bioaccumulation sampling (Figure 3.11). Changes in
water quality are also reflected in the structure of
estuarine communities, which is discussed in detail in
section 4.

ESTUARY

3.7.1 Bioaccumulation in Ragworms

Samples of Nereis diversicolor are collected annually
and analysed for metals and some organic substances.
For 1994, only metal analysis results were available. In
most cases, the metal levels were below the limit of
analytical detection. This was most pronounced in the
results for arsenic, chromium, lead, nickel and vanadium
and, therefore, these results are not illustrated. Results
for the remaining metals are illustrated in Figures 3.12a-
e. The 1994 results were generally higher than the five-
year mean at most sites for most metals, the exceptions
being mercury and cadmium on the North Bank and
iron on the South Bank  Some of the differences

Figure 3J.j__ The Humber Survey Bioaccumulation Sites
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between the North and South Bank results appear to be
caused by the different analytical methods employed by
the separate regions. Mercury levels do, however,
appear to be rather higher in the South Bank samples
than in the North Bank, and cadmium shows a
downward trend moving seawards along both banks.

Mercury levels in 1994 were lower than the five-year
mean at all North Bank sites but higher at most South
Bank sites, particularly at sites S4 and S8 (Figure
3.12a).

Copper levels in 1994 were higher than the five-year
mean at most North Bank and all the South Bank sites,
especially at sites N6 and S4 (Figure 3.12b).

Cadmium levels in 1994 were lower than the five-year
mean at most North Bank sites but higher at most
South Bank sites, particularly at site S4 (Figure 3.12c).

Zinc levels in 1994 were higher than the five-year mean
at most North Bank and all the South Bank sites,
especially at sites N8, N9 and SIO (Figure 3.12d).

Iron levels in 1994 were higher than the five-year mean
at most North Bank sites, especially site N7, but lower

at most South Bank sites, particularly at site S8 (Figure
3.12¢).
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Figure 3 12a Mercury in Nereis Figure 3 12b Copper in Nereis
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3.7.2 Bioaccumulation in Seaweed

Fucus vesicu/osus samples are collected bi-annually
from five North Bank and ten South Bank sites (see
Figure 3.11). Fucus can take up substances from the
environment only passively, i.e. by absorption of metals
in solution. The results are shown in Figures 3 13a-d.
On the North Bank, just over half of the nickel results
were below the limit of detection. No data were
available for arsenic and mercury from the South Bank
samples. In most cases, particularly cadmium, there is
generally a decrease in metal levels moving seawards,
with peaks of copper and zinc in the lower Estuary
around the main discharges

Figure 3 j3a Copper in Fucus
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Copper levels in 1994 were higher than the five-year
mean at most North Bank sites but lower at all the
South Bank sites (Figure 3 13a).

Cadmium levels in 1994 were lower than the five-year
mean at all the North Bank sites but higher at most of
the South Bank sites (Figure 3.13b)

Nickel levels in 1994 were lower than the five-year
mean at all the North Bank sites but higher at most of
the South Bank sites (Figure 3.13c).

Zinc levels in 1994 were higher than the five-year mean

at most North Bank sites and half the South Bank sites
(Figure 3.13d).

Figure 3.13b Cadmium in Fucus



Figure 3.13c Nickel in Fucus
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3.7.3 Bioaccumulation in Brown Shrimps

Samples of Crangon Crangon are collected once per
year from three subtidal sites in the Estuary and
analysed for metals and Organics (see Figure 3.11). As
with the Nereis samples, results were not available for
Organics during 1994 The wet weight metal results are
shown in Figures 3.13a-g In general, lower levels were
recorded in the shrimps collected from the upper
estuary

Arsenic levels in 1994 were considerably lower than
the five-year mean, continuing the substantial decrease
recorded in 1993 (Figure 3 14a).

Mercury levels in 1994 were similar to or higher than
the five-year mean but by such small amounts as to be
insignificant (Figure 3 14b).

Copper levels in 1994 were lower than the five-year
mean in the upper estuary but higher in the middle and
lower estuary The results were within the normal
range following lower levels recorded in 1993 (Figure
3.14c)
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Figure 3.13d ZmcmFucus
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Cadmium levels in 1994, like copper, were lower than
the five-year mean in the upper estuary and slightly
higher in the middle and lower estuary, but still within
the expected range (Figure 3.14d).

Chromium levels in 1994 were lower than the five-year
mean at all three sites, particularly at site C2, but were
still within the normal range (Figure 3.14e).

Zinc levels in 1994 were higher than the five-year mean
at all sites but by such a small amount as to be

insignificant ~ The higher results in 1994 followed
exceptionally low levels recorded in 1993 (Figure
3.140.

Iron levels in 1994 were lower than the five-year mean
at all three sites, particularly at site C3 (Figure 3.14g).
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Figure 3.14a Arsenic in Crangon
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Figure 3 14d Ccadmium in Cranvnn



3.8 CONTINUOUS MONITORS

The Humber Survey requires the continuous monitoring
of dissolved oxygen (as % saturation and mg/l) and
temperature at several sites in the Humber and its tidal
rivers (Figure 3.15) in order to provide a more detailed
picture of the estuarine environment Equipment is
permanently in place which monitors (at 15 minute
intervals) these determinands plus pH and salinity and,
on some tidal rivers, turbidity and ammonia. This data
gives a clearer picture of the changing conditions in the
Estuary throughout the day, particularly for dissolved
oxygen which varies with both the tidal cycle and
temperature and is critical in sustaining fish-life.

Some examples of the data recorded by the monitors
located at Cawood and Blacktoft on the River Ouse and
at Corporation Pier and SCM Jetty on the River
Humber are described below.

3.8.1 Downstream Patterns

Figures 3.16a-c show the continuous data readings (at
60 minute intervals) for temperature, dissolved oxygen
and salinity during the period between 5th and 24th
March 1994 at three of the sites. Comparison of the
three sites clearly shows the increase in tidal influence
downstream. The Cawood site is freshwater2 with no
visible tidal influence on salinity, Blacktoft Jetty has
very low salinity levels with a small amount of tidal

. The salinity of sea water is about 35 %o and the salinity of
freshwater is always less than 0.5 %. Therefore, estuarine water
has a salinity of between 0.5 % and 35 %,
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influence around the time of the spring tide (12th March
1994), whereas Corporation Pier shows relatively high
salinity and strong tidal influences throughout the tidal
cycle.

3.8.2 The Ouse at Blacktoft Jetty

Figure 3.17 shows the continuous readings for the ten
week period 3 June to 4 August 1994 at Blacktoft Jetty
where dissolved oxygen levels are often critical.
Dissolved oxygen levels are most likely to fall below the
EQS (40 % saturation) when suspended sediment levels
and/or temperatures are high. The effects of
temperature can be seen throughout this period,
particularly between 11th and 15th June and from 24th
June onwards. During these periods, low dissolved
oxygen levels coincided with increased temperatures
and low salinity levels, implying that freshwater moving
down the Estuary is at a higher temperature than
seawater and is oxygen depleted.

3.8.3 The Humber at SCM Jetty

Figure 3.18 shows the continuous readings for a one
week period between 23rd and 29th June 1994 at SCM
Jetty.  This site is further downstream than those
discussed above and shows higher salinity and dissolved
oxygen levels, less temperature fluctuation and stronger
tidal influence. There is little freshwater influence here
and the strong positive relationship between salinity and
dissolved oxygen in the lower reaches of the Estuary
are clearly illustrated, reflecting the intrusion of well-
oxygenated seawater on the incoming tide.
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Figure 3.16a Continuous Readings at Cawood 5 - 24 March 1994
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SECTION 4
BIOLOGICAL QUALITY

41 INTRODUCTION

Monitoring the invertebrate animals and fish living in
the tidal rivers and Humber is an important part of
assessing the health of the Estuary. Many invertebrates
live on or in the mud bottom and are exposed to
contaminants in the sediment and/or water column. The
variety and abundance of these populations give an
indication of the health of the estuarine system. Tidal
rivers and estuaries are very harsh environments
presenting organisms with soft, shifting sediments,
variations in salinity and daily desiccation in the
intertidal zones. Human influences such as pollution
and reclamation schemes can exacerbate these effects.
Analysis of the biological survey data attempts to
separate the effects of natural and anthropogenic
stresses and to assess the health and productivity of the
Estuary.

Faunal abundance is more prone to biological
fluctuation than species variety since certain species
undergo wide natural population changes It is also less
responsive to pollution effects, although toxic pollution
can depress abundance and organic enrichment can
cause tolerant species to flourish.
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42  DATA ANALYSIS

The interpretation of biological data has always been
problematic because of the inherent variability of
populations and the mobility of certain species such as
fish and shrimps.

The analysis used here consists mainly of comparing the
species variety and abundance to the five-year mean
The presence or absence of particular species and the
changes in a population can indicate improvements or
deterioration in water quality.

4.3  TIDAL RIVERS INVERTEBRATE BIOLOGY
4.3.1 Introduction

For the first time in 1994, two surveys of the tidal rivers
were undertaken: previously, the survey was carried out
only once per year. All eight sites on the Rivers Aire,
Don, Hull, Ouse and Wharfe were sampled between
March and November 1994 (Figure 4.1), including the
Ouse at Drax which had not been sampled in 1993 for
safety reasons The Trent site at Gainsborough was not
sampled in 1994 for safety reasons.
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4.3.2 Methods

Standard Environment Agency sampling methods were
used appropriate to each site (sweep, airlift or kick
sample). Where possible, organisms were identified to
species level, abundances noted and standard biological
indices (BMWP & ASPT - see Appendix 4) calculated3.

Ryther is the most upstream site of the survey and, as
expected, exhibited the greatest diversity and was
dominated by freshwater species. The Hull at Sutton
Road Bridge is the most saline site and exhibited the
most brackish fauna, composed almost exclusively of
the oligochaete worm Tubi/ex costatus. In 1993, the
first specimen of Asellus aquaticus since 1988 was
observed inthe sample from the Ouse at Cawood: none
were observed in 1994. The Aire at Snaith is the most
‘stressed’ site and would be expected to yield a large
proportion of oligochaete worms. However, in 1994,
fewer worms than expected were recorded which may
be the result of a change in sampling method from airlift
(up to 1993) to sweep sample (in 1994).

4.3.3 Results and Discussion

The results of the 1994 surveys are listed in Appendix
5. summary statistics are shown in Table 4.1 below. As
in previous years, the dominant fauna in all the rivers
was a variety of worm species and the brackish-water
shrimp, Gammarus zaddachi.

Table 4.1 Summary Statistics of Tidal Rivers Fauna T . . .
Site 83/ 190 9 9| % 9 o The biotic indices and species composition of the tidal
Aire at Snaith rivers remained broadly similar to previous surveys
BMWP Taxa 3 7 3 3 3 2 between 1989 and 1993, although some short-term
BMWP Score 10 24 6 10 7 3 perturbations were noted The 1994 results from the
g‘iszt Thome Bridge 330 343 200 330 233 130 Wharfe and the Hull at Beverley showed an increase in
BMWP Taxa 3 4 4 4 4 diversity which has been ongoing since 1992. The Ouse
BMWP Score 0 17 13 13 13 at Saltmarsh returned a slightly higher BMWP Score
ASPT 330 425 325 325 3.25 than in 1993. However, as in the previous two years,
\évhf}lavr\;g f}rt Rvther this site was not suitable for classification since two of
axa B 2 12 14 10 18 ; i
BMWP Seore 6 5 5 61 45 & the t_hrs_e _sdcorllng families were each represented by only
ASPT 520 425 433 436 450 461 one Incividua
Hull at Beverlev . .
BMWP Taxa Vi 8 14 6 U 14 9 The potential causes of the generally poor species
BMWP Score 43 26 451 18 4 5 3 diversity in the tidal rivers have been identified in
'}:‘ﬁﬁ; Sutton Rd Bridge 358 330 364 300 373 393 344 previous reports, and include habitat paucity, tidal
BMWP Taxa 5 3 5 3 4 scour, salinity fluctuatlon_s and poll_ut_lon from _|n(_justr_|al
BMWP Score 15 9 18 9 1 15 and sewage outfalls. It is often difficult to distinguish
ASPT 300 3.00 3.60 3.00 3.00 3.00 the effects of natural events from pollution-induced
Ouse at Cawood changes in such stressed environments but the sites
BMWP Taxa 3 1 38 4 4 3 exhibiting particularly low diversity coincided with
BMWP Score 12 1 12 14 12 13 . R
ASPT 400 100 400 350 3.00 433 (.ele\_/ated BODs a.nd low dissolved oxygen. This
Ouse at Drax indicates a potential adverse effect from sewage or
BMWP Taxa 2 1 2 2 other organic inputs. On the other hand, the high
BMWP Score 358 103 4og 35(7) diversity of the Wharfe seems to be unaffected by the
ASPT ‘ ‘ elevated ammonia levels reported in this stretch. The
Ouse at Saltmarsh L . .
BMWP Taxa 2 2 4 2 1 3 IacI.< o_f te_mporal varlatl_o_n in diversity here is prgbably
BMWP Score 7 7 15 7 6 1 an indication of the stability of the faunal community.
ASPT 350 350 375 3.50 6.00 4.66

4.3.4 Conclusions

Biological assessment undertaken as part of the 1994
survey indicated poor quality in tidal rivers, except at
the least saline site, Ryther on the WTiarfe. Since all
sites are subject to natural salinity variations, overall
biotic paucity may be due to cumulative effects of
upstream input and a naturally stressed environment.
While there are some minor indications of biological
gain, these do not suggest any significant improvement
in water quality.

3Although the BMWP Score was designed for use in freshwater, there
is currently no similar system for application in estuanne waters
Its use in brackish waters results in very low scores compared to
freshwater systems




4.4 INTERTIDAL INVERTEBRATE BIOLOGY
4.4.1 Introduction

Surveys of the North and South Bank intertidal fauna
were carried out in August 1994 at 22 sites (Figure
4.2). The results of these surveys are provided in
Appendix 6 for the North Bank and Appendix 7 for the
South Bank and are discussed below.

4.4.2 Methods

The standard NRA method for this type of sampling is
to take five replicate 10cm diameter cores from each
shore level at each site Following the
recommendations of a national working party which
recognised that this sampling regime, although adequate
for estuarine mud-flats, resulted in undersampling of
sandy sediments, enhanced sampling was introduced at
sandy sites on the South Bank. Ten replicate cores
were therefore taken at each of the sandy sites while
five cores continued to be taken at the muddy sites and,
although it disrupts the continuity of the data for the
(few) sandy stations in the Outer Estuary, this will
provide a more realistic assessment of species variety
for future interpretation. The samples were washed
through a 0.5mm sieve and preserved in formalin for
later analysis. Sediment analyses included particle size
analysis, organic carbon content and loss on ignition at
400°C and 480°C.

4.4.3 North Bank
4.43.1 MID SHORE FAUNAL PATTERNS
4.4.3.1 (a) Taxon Richness4

In 1994, the taxon richness was lower than the five-year
mean at seven sites and slightly higher at sites N1, N5,
N8, N9 and NI 1 (Figure 4.3). The reduction was not

4 The number of different species recorded is referred to as ‘taxon
richness’, ‘species richness’ or ‘species variety’.
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seen at other shore levels and so was unlikely to be
caused by deteriorating water quality.

Figure 4.3 North Bank Mid Shore Taxon Richness
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The number of taxa reported at site N7 was significantly
lower than the five-year mean. This site also showed a
decrease since 1993 from eleven to six taxa with the
loss of Parcinais, Manayimkia, Nephtys, Streblospio,
and Retusa, and with the remaining species reduced in
abundance. There are no records of specific pollution
incidents which could account for the loss of these
species, therefore the change in community structure
suggests a general reduction in water quality.

4.4.3.1 (b) Abundance5

The total abundance in 1994 was greater than the five-
year mean at seven sites but lower at sites N3, N5, N7,
N10 and N12 (Figure 4.4).

5 The total number of individuals of all species is referred to as
‘abundance*, ‘faunal abundancelor "total abundance’.
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Figure 4.4 North Bank Mid Shore Abundance
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The increased total abundance at site N2 was caused by
a natural population surge in Paratiais litoralis. Since
this was not evident at other sites, it was probably not
related to a recruitment event.

At site N6, a threefold increase in Corophium numbers
(since 1993) accounted for the increase in total
abundance. This increase coupled with the decrease in
taxon richness is usually associated with organic
contamination but there was no direct evidence of
increased organic input at this site.

Site N8 showed a large increase in most species
although Tubificoides benedif” alone increased fourfold
from 12 000 per sq m in 1993 to 50 000 per sq m in
1994. This, coupled with the highest level of organic
carbon in the Estuary (3.2%) and the presence of the
organic pollution indicator species Capitella capilatci,
suggests a decline in water quality at this site7.

Site N10 showed a decrease in both total abundance
and taxon richness.  The numbers of T. benedii,
however, have continued to increase, becoming co-
dominant with Nereis diversicolor. Both species are
pollution-tolerant and the site has shown a slight
increase in organic carbon (Figure 4.5) over the last
four years, from 1.4% to 2.8%. Recent residential
development has lead to increased loading of untreated
sewage which may account for the changes.

6 Tubificoides benedeni has been renamed T. benedii.
7 Site N8 is sampled only at mid shore so there are no comparable
data from other shore levels.
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Figure 4.5 North Bank Mid Shore Organic Carbon
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The decrease in total abundance at site N12 was due to
a 99.6% decline Hydrobia numbers from 34 000 per sq
m in 1993 to 150 per sq min 1994. Since this was still
one of the dominant species, the fluctuations are
probably natural rather than a reflection of water quality
changes.

4.43.2 LOWSHORE FAUNAL PATTERNS

Only sites NI, N3, N4, N5 and N6 are sampled at the
low shore level.

4.4.3.2 (@) Taxon Richness

At sites N4, N5 and N6, the number of taxa was lower
than the five-year mean: sites NI and N3 remained
more or less stable (Figure 4.6).

Figure 4.6 North Bank Low Shore Taxon Richness
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At sites N4 and N5, the reduction in taxon richness (and
in faunal abundance) was probably due to the unstable
sediment regimes at both sites. This has been evident at
site N4 in previous surveys but has not been recorded
before at site N5, although the site notes indicate a
40cm loss in sediment depth since 1993.

Taxa 'lost' from site N6 included Macoma balthica,
Hydrobia ulvae, Pygospio elegans and Nephtys spp..
These are not pollution-tolerant, and their absence may
indicate a decline in water quality. A decrease in
species variety is indicative of a stressed community and
is commonly associated with an increase in faunal



abundance in organically enriched situations.  This
pattern was evident at mid shore level although there is
no record of any pollution incident which could account
for the change. Site notes do, however, indicate the
presence of sewage contamination near the sampling
site, where organic carbon levels are 1% higher than
before.

4.43.2 (b) Abundance

The changes in taxon richness were mirrored by lower
reported faunal abundance (albeit minor) at all sites
compared to the five-year mean (Figure 4.7).

Figure 4.7 North Bank Low Shore Abundance
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44.3.3 CONCLUSIONS

The overall pattern of intertidal invertebrate macrofauna
remained similar to previous years but with a more
physically and chemically stressed Upper to Middle and
a good quality Outer Estuary fauna. A total of 37
species was recorded in 1994 compared to 47 in 1993,
partly a result of reduction in the number of terrestrial
and freshwater species No new taxa were added to the
species list The changes in community structure at sites
N6 and N7 may indicate a decline in water quality
although no specific pollution events were recorded
Faunal population changes at site N10 may be related to
an increase in residential development in the area with a
corresponding rise in untreated sewage output.
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4.4.4 South Bank

4.4.4.1 MID SHORE FAUNAL PATTERNS
4.44.1 (@) Taxon Richness

Overall, taxon richness in 1994 was similar to, or higher
than, the five-year mean at most sites. Sites S4, S5 and
S7 reported lower numbers (Figure 4 8). Only two of
these (S5 and S7) showed any appreciable decrease and
this was due to natural fluctuation and/or the stability of
the sediments.
Figure 4 8 South Bank Mid Shore Taxon Richness
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The increases in taxon richness at sites S1to S3 are not
likely to reflect any improvement in water quality. Site
SI was well within the expected range of natural
fluctuation and the changes at sites S2 and S3 were
probably caused by physical conditions. Site S2 is
steeply shelving and physically unstable, whereas the
taxon richness at site S3 continued the improvement
first noted in 1993 and was ascribed to a combination of
possible salinity influences and greater sediment stability
(Pethick 1988).

Similarly, the reductions in taxa recorded at sites S5 and
S7 were within the range of natural fluctuation and
possibly influenced by physical factors. The number of
taxa recorded was similar to those of 1990 and 1991 at
site S5 and of 1992 at site S7. This supports the
suggestion last year that the enhanced species variety
was transitory and reflected the recruitment of only a
few individuals o f ‘new’ species.

Changes in the fauna at site S7 were, however, more
complex, with some of the previously scarce ‘new’ taxa
(e.g. Pygospio and Tharyx) having apparently
consolidated their presence. This site seems prone to
fluctuations not directly comparable to other sites
Previous reports have ascribed this variability to
sediment instability following construction of a new
flood defence revetment on the upper half of the shore.
This is supported by visual observations and similar
inferences made from the low shore data (see 4.4 42
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At sites S9 and S10, the apparent increases in taxon
richness were a result of the enhanced sampling
introduced in 1994 rather than real increases in species
variety.

4.4.4.1 (b) Abundance

For most sites the 1994 faunal abundance was very
similar to the five-year mean and well within the
expected range. The exceptions were site S9, which
exhibited levels well above the five-year maximum, and
sites S1and S4, which were discernibly below the mean
value (Figure 4.9).

South Bank Mid Shore Abundance

HHHm

S§$2S3S4S586S8S7888S89

Figure 4.9

15 yr mean m 1994

Although site S9 was subject to enhanced sampling in
1994, the increased abundance was a result of a
population surge in Pygospios. This spionid
characteristically undergoes sizeable fluctuations in
density, therefore the increase was unlikely to be
associated with any water quality problems.

The low abundance at site S4 compared to the five-year
average was attributed to a halving of the local
Corophium population. Changes by a factor of two are
not exceptional for Corophium and, since it still
occurred in numbers of almost 10 000 per sq m, cannot
be regarded as evidence of deteriorating water quality.

The low abundance at site S1 compared to the five-year

mean reflected a continuation of the decline in
oligochaete worms of the family Tubificidae first
reported in 1993. Since the previously substantial

populations of these potentially pollution-tolerant
worms could not be clearly linked to enrichment, the
recent decline cannot be confidently ascribed to a
reduction in such pollution However, the changes at
this site are likely to indicate environmental
improvement rather than deterioration.

The abundance figures for 1994 were similar to those
anticipated from the five-year mean and their pattern
along the Estuary was as expected.

* Site 10 was also subject to enhanced sampling in 1994 but shows
no concommitanl increase in faunal abundance
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4.4.4.2 LOWSHORE FAUNAL PATTERNS
Sites S1, S6 and S 10 are not sampled at low shore.

4.4.4.2(a) Taxon Richness

In 1994, four sites showed taxon richness higher than
the five-year mean and three sites were lower (Figure
4.10).

Figure 4 10 South Bank Low Shore Taxon Richness
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At site S9, the apparent increase in species variety was,
like the mid shore, a result of enhanced sampling The
number of taxa at site S8 showed an increase on the
values of the early nineties rather than of the preceding
two years, but did show sustained ecological
improvement following abatement of the sewage
discharge from Riby Street outfall (Grimsby) in 1986.

Much of the decline in species variety at sites S4 to S7
was due to the disappearance of taxa previously present

in only relatively low numbers. At site S4, the
exceptions were Polydora, which  undergoes
appreciable natural population fluctuations, and

Corophium, which had poor recruitment in 1994 At
site S7, the decline in species variety was accompanied
by a considerable reduction in total abundance (Figure
4.9), and the number of taxa was exceptionally low
compared to recent years The most notable species
losses included T. benedii which is generally considered
to be pollution-tolerant.  Similar observations were
reported for the mid shore (4.4 4.1 (a)) where it was
suggested that the ecological changes were due to
sediment instability resulting from flood defence works
The changes at each of these sites are unlikely to
represent any deterioration in water quality.



4.44.2 (b) Abundance

In 1994, five sites showed total abundance higher than
the five-year mean and two sites were lower (Figure
4.11).

Figure 4 11  South Bank Low Shore Abundance____
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The apparent increases in faunal abundance at sites S5
and S8 were, in reality, artefacts of the five-year mean,
with numbers actually lower than those of 1993 (and,
less so, 1992). The trends at site S5 were dominated by
the local Corophium population which, as previously
observed, can be somewhat erratic. Overall the changes
were so small as to be insignificant.

At site S9, the increase to the five-year maximum was
accounted for mainly by the polychaete family
Spionidae, which can undergo considerable natural
population fluctuations.

None of the apparent increases in abundance at the
three sites in 1994 (of which only one related to an
increase in comparison to 1993) can be considered to
indicate any changes in environmental quality and were
almost certainly consequences of natural population
variability.

The decrease in abundance at site S4 reflected the
collapse of the local population of Corophium, also
observed at mid shore (see 4.4.4.1 (b)). This
phenomenon was widespread with a decline of
Corophium at all sites which previously supported
sizeable populations, and was probably related to poor
recruitment in 1994 although there was also evidence of
scouring at site S4 which would further constrain the
recruitment success of the local population The
absence of Corophium was not unprecedented and the
observed changes were linked to natural phenomena
rather than deterioration in water quality

The recent substantial, and apparently progressive,
decline at site S7 was accounted for almost entirely by a
substantial reduction in the Tubificoides swirencoides
population Although tubificids in general are regarded
as reasonably pollution-tolerant, the decline in T
swirencoides was unlikely to be a response to any water
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quality improvement The most probable cause was
physical factors relating to recent flood defence
construction work. This is supported by field records
which show a recent deepening and decreased viscosity
of the soft mud, creating a less favourable habitat for
burrowing worms9.

44.4.3 CONCLUSIONS

At most sites, species variety was comparable with or
greater than the five-year mean, with a total of 42 taxa
recorded in 1994 compared to 42 in 1993 and 40 in
1992 For the outermost sandy sites, enhanced species
variety was a function of enhanced sampling. Where
species variety fell lower than the five-year mean, the
losses consisted mainly of transient species or, at site
S7, were due to physical disturbance of the sediment.
These results do not suggest either improvement or
deterioration in water quality except at site S8, where
improvement has continued since the abatement of the
discharge from a nearby sewage outfall.

The total number of specimens in 1994 was 5600
(compared to 9500 in 1993 and 12000 in 1992). The
two-year decline is attributed to reduced populations of
Hydrobia in 1993 and of Corophium and T. benedii in
1994, Fluctuations in Hydrobia and Corophium
populations are not unprecedented and T. benedii
reductions are associated with  environmental
improvement Only at site S7 was the reduced
abundance associated with non-biological factors.

4.5 SUBTIDAL INVERTEBRATE BIOLOGY
45.1 Methods

Standard Agency methods were followed in the
collection, processing and analysis of biological
samples.  Particle size analysis and determination of
organic carbon content of the sediments were carried
out by the Institute of Estuarine and Coastal Studies at
the University of Hull, and the Public Health Laboratory
in Lincoln.

45.2 Results

For convenience of discussion, the fourteen subtidal
sites (Figure 4.12) are divided into four Estuary
sections:

* Upper Estuary (sites 1- 2)

* Middle Estuary (sites 3-5)

* Lower Estuary (sites (6 - 9)

e Outer Estuary (sites 10- 14)

0 The situation at site 7 will be further complicated in future by the
installation of cooling water pipes for a nearby power station. The
trench in which the pipes will be laid passes precisely through the
site and, apart from any consequences of site relocation, lurther
sediment disturbance is inevitable.
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4521 UPPERESTUARY

The species richness at the Upper Estuary sites in 1994
was comparable with the five-year average (Figure
4.13). At site 1 the recorded taxa included the rare
Melita pellucida, while at site 2 Marenzellaria viridis
was recorded for the first time since 1990.

Figure 4.13  Subtidal Taxon Richness
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The total abundance at both sites was lower than

recorded over the previous five years (Figure 4.14).
Only one specimen of Neomysis integer was present in
the site 1 grab samples despite this species being
normally abundant in the area This was probably due
to changes in the bed sediment at the site which has
become muddier during 1993 and 1994  Neomysis
numbers were not excessively low in the Macer sledge
samples taken at this site, which represent all sediment
types encountered over a distance of 500 - 1000m
(cancelling out any patchiness).
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Figure 4.14  Subtidal Abundance
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The low total abundance at site 2 was a result of much
reduced densities of the polychaete worm Capitella
capitata, which peaked in 1991 and 1992.

The 1994 results indicate some deterioration in
environmental conditions in the Upper Estuary although
these are probably related to changes in the sediment
regime rather than water quality.

4.5.2.2 MIDDLE ESTUARY

Both species richness and total abundance were below
the long-term average in the Middle Estuary, with two
exceptions At site 3 the number of taxa was high
compared with the five preceding years, although the
total abundance was the lowest for six years - only
seven individuals belonging to six taxa were recorded
At site 4 the total abundance slightly exceeded the five-
year mean as the density of Capitella remained
relatively high compared to previous years, whereas its
population generally declined in the Middle Estuary
(Figure 4.15).



Figure 4.15  Densities of Capitella capitata

The Middle Estuary fauna was dominated by Capitella
which is considered to be indicative of organic
enrichment. The fluctuations in density are possibly a
result of annual variations in salinity. Capitella is rarely
found at salinities below 10 % (Wolff 1973) and peak
densities in the Middle Estuary (1991 - 1992) follow
years of low freshwater flows into the Humber (HEC
Water Quality Report 1993). The paucity of other taxa
in the Middle Estuary and the continued dominance of
Capitella indicated generally poor environmental
conditions and an ongoing state of organic enrichment.

m523 LOWER ESTUARY

At sites 6 and 8 both the taxon richness and total
abundance (Figures 4.13 & 4.14) were lower than
during the previous five years This impoverishment
has been evident since 1991 at site 6 and since 1989 at
site 8, although the decline at the latter site was more
marked between 1993 and 1994. A similar long-term
trend has also been apparent at site 9, although there
was an increase in the number of taxa in 1994. These
changes are not fully understood but sediment
disturbances are likely to be a major contributor.

Species richness and total abundance at sites 7 and 9
were comparable with the five-year mean.

Sites 6, 8 and 9 are situated in or near main estuarine
channels and are subject to stronger tidal currents and
more changeable sediment structure than site 5, where
the faunal community has remained abundant and
species rich.

The results indicate that environmental conditions in
much of the Lower Estuary are deteriorating or
remaining relatively poor in comparison with previous
periods. The most likely reason is the changeable
sediment structure of the sector, i.e. periodic scouring
and accretion of the bed sediments. Faunal
communities near the more sheltered South Bank have
remained rich in comparison, reflecting a more stable
sediment regime.
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45.2.4 OUTER ESTUARY

The Outer Estuary showed the same general pattern as
in recent years except at site 14, where both the number
of taxa and total abundance were below the five-year
minima (Figures 4.13 & 4.14). Only 27 taxa were
recorded in 1994 compared to 41 in 1992 and 1993.
Similarly, the number of individuals in 1994 was only
one-third that of the preceding two vyears.  This
apparent deterioration is unexplained. Sediment
structure was similar to previous years and there was no
evidence of elevated contaminant levels in the
sediments.

At site 13 the number of taxa and total abundance were
low compared to the five-year mean while remaining
comparable with the previous three years.

The 1994 results suggest generally unchanged
conditions in the Outer Estuary, except in the outermost
part where a possible deterioration in environmental
conditions is indicated.

4.5.3 Conclusions

The 1994 results suggest a continued state of organic
enrichment in the Middle and part of the Upper Estuary.
There is evidence for continued poor environmental
conditions near the main channels in the Lower Estuary,
with the impoverished fauna more likely to be indicative
of sediment disturbances related to tidal scouring than
to poor water quality. The results indicate some
deterioration in environmental conditions in the
outermost part of the Estuary.

4.6 MICROBK)LOGIG\L SEDIMENTANALYSIS

Microbiological tests on intertidal sediment samples
were carried out for the first time in 1994. The
concentrations of faecal bacteria (Escherichia coli,
faecal Streptococcus spp. and Clostridium spp.) were
determined by the Royal Infirmary in Hull and the
Public Health Laboratory in Lincoln  On the North
Bank samples were taken from mid shore only, while
samples were obtained from both mid and low shore
levels for the South Bank. For this year, only mid shore
samples are discussed but in 1995 samples from both
shore levels on the North Bank will be analysed,
allowing better comparison with the South Bank.

4.6.1 Intertidal

The results from both the North and South Banks
showed marked fluctuations, especially towards the
Outer Estuary (Figures 4.16 & 4.17). This is a
reflection of the organisms present in the discharge at
the previous high tide (i.e. when the sediment was last
covered). The very low concentrations of all three
bacteria recorded at site 6 on the South Bank (Figure
4.17) were probably the result of a sampling or
analytical error.
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Figure 4.16  North Bank Intertidal Microbiology
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Clostridium perfringens is often used as a long-term
indicator of sewage contamination because it produces
endospores which have a much longer survival time
than vegetative bacterial cells. The presence of this
species in the Outer Estuary indicates that sewage is
contaminating mud-flats further down the Estuary than
would have been expected. The slight rise in C.
perfringens numbers towards the Outer Estuary may be
due to the multiplication of bacterial spores within the
sediment, although, on the South Bank, it may be
related (along with a similar increase in faecal
Streptococci) to the sewage outfall at Cleethorpes.

4.6.2 Subtidal

Figure 4.18 shows the patterns of the three types of
bacteria monitored in the subtidal sediments. There was
a general decrease in the concentrations of
Streptococcus spp. and E. coli seaward with three fairly
consistent peaks. The Upper Estuary peak coincides
with the confluence of the main tributaries of the
Humber while the other two peaks correspond to the
main sewage discharges from Hull and from Grimsby.
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100000 T

Subtidal Microbiology

«g 10000
L
ij 1000

100

12 3 4 5 6 7 8 9 10 11 12 13 14

| Faecal Streptoccoci m Escherichia coli O Clostridia spp.

The downstream pattern of Clostridium spp. reflects
the ability of these organisms, as endospores, to survive
longer in the sediments than Streptococcus and E. coli.
The highest concentrations were recorded in the Hull
sewage outfall area but also at site 8, which is distant
from the major sewage inputs, and moderately high
concentrations were recorded seaward to the outermost
sites.

4.7 FISH DISTRIBUTION SURVEY
4.7.1

A survey of the fish communities of the Humber was
carried out in September 1994 in conjunction with
MAFF.

Introduction

4.7.2 Methods

Standard methods employed by MAFF were used
throughout the survey. Fourteen sites, shown in Figure
4.19, were sampled by towing a two metre beam trawl
rigged for catching young and small fish. Replicate
samples were taken at six sites and additional push net
samples were taken at Cleethorpes and Spurn.

4.7.3 Results

The survey results are shown in Tables A8.1 and A8.2
in Appendix 8 and illustrated in Figures 4.19 and 4.20.
Results for sites where replicate samples were taken are
presented as averages.

A total of seventeen species and up to 108 individuals
per catch was recorded, which is comparable with

previous surveys in both abundance and species
richness.
4.7.3.1 OCCURRENCE OFJUVENILEFISH

Whiting was relatively scarce in 1994, occurring at only
two sites. This probably reflects the annual spawning
and recruitment patterns of the North Sea stock rather
than poor conditions in the Estuary.



Dover sole occurred in numbers comparable with
previous years and was recorded as far upstream as
Skitter Sand, with highest densities recorded in the
Middle and Lower Estuary.

Plaice was less common than previously and the catches
at Haile Sand, where the largest numbers are usually
recorded, were smaller than usual. This suggests
poorer than usual recruitment from the North Sea
stock.

Dab was caught in the Outer Estuary and the catches,
although small, were comparable to recent years.

Flounder occurred at three sites, which is similar to
previous surveys. It has been caught in moderate
numbers throughout the Estuary at other times of the
year, particularly during spring and summer months
(Marshall and Elliott 1993; NRA fish sampling 1992-
1995, unpublished records). The majority of the
flounder caught are medium to large (10 - 35 c¢cm) and
are more likely to escape capture (because of the bow-
wave effect of the trawl) than the juveniles for which
the survey is intended. Therefore, it is likely to be
undersampled in this survey.

4.73.2 PUSHNETRI*SULTS

The push net results are shown in Table A8.2
(Appendix 8). Catch size and species richness at Spurn
were comparable with previous records (117 per 1000
m) and included a few turbot and brill as well as a
moderately large catch ofjuvenile plaice.

The catch at Cleethorpes was relatively small compared
to previous years both in terms of species richness and
total number of fish.
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4.7.4 Community Structure

The ability of the Estuary to support fish communities is
indicated by the variety of fish species recorded in the
surveys, their abundance and distribution The results
of the 1988 to 1994 surveys are summarised in Figure
4 20, showing the number of sites at which each species
is found. Of the 25 species recorded, only whiting,
sand goby and Dover sole were found at more than half
the sampling sites. The remainder were either restricted
to the marine conditions in the Lower and Outer
Estuary (e g dab and sand eel) or were relatively sparse
in the Estuary.

The community structure in 1994 compared favourably
with previous years. Most of the recorded species were
more widespread than in previous years, with the
notable exceptions of whiting and plaice.

The species recorded were of a range of ecological
types (see classification by Pomfret et a! 1991). Of the
seventeen species recorded in the 1994 survey, there

were five estuarine residents (ER), four marine
adventurous migrants (MA), three marine juveniles
(MJ), two marine seasonal migrants (MS), one

diadromous migrant (CA) one freshwater ER (FW/ER),
and one ER/MA (Figure 4.20).

4.7.5 Conclusions

Abundance and species richness of the fish community
in the Estuary in 1994 were generally comparable with
or better than in recent years. Juvenile whiting and
plaice were less common than in previous surveys but
their apparent paucity is more likely to be a result of
annual variations in the recruitment of the North Sea
stock rather than the environmental quality of the
Estuary.
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Figure 4.19__ Fish Distribution Survey ~September 1994~

Figure 4.20  Occurrence of Fish Species in September Surveys of the Humber
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SECTIONS
CLASSIFICATION OF TIDAL RIVERS
AND ESTUARIES

5.1 ESTUARY

The Humber Estuary is classified in accordance with the
CEWP Classification Scheme (Appendix 9).  This
scheme assesses the Estuary in terms of biological,
aesthetic and water quality with points awarded for
each of the criteria met In broad terms the Humber
Estuary is classified as Class B (fair quality) on the
South Bank and west of the Humber Bridge, and as
Class A (good quality) along the North Bank (Figure
5.1).

This grading is an average of conditions along the banks
of the Estuary and localised areas on either bank may be
above or below these grades. For instance, although
the North Bank is categorised as Class A, there are
localised areas with aesthetic problems, particularly
close to the Hull East and West crude sewage outfalls.

The Environment Agency is currently funding
investigations and research into a more objective
method of classifying estuaries, which could be used in
conjunction with the General Quality Assessment

Figure 5.1 CEWP Classification Results 1994
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(GQA) classification for freshwaters (see section 5.2).
Until this is completed and the scheme adopted,
estuaries will continue to be classified according to the
CEWP scheme.

52 FRESHWATER INPUTS

Freshwaters are classified according to the GOQA
scheme The basic chemical grade for a river reach is
calculated from the BOD, ammonia and dissolved
oxygen levels over a three year period. These
parameters were selected for use in the scheme because
they are indicators of the influence of wastewater
discharges and rural land-use runoff including organic,
degradable material It does not take into account
contamination by substances included in the EC
Dangerous Substances Directive.

Table 5.1 shows details of the GQA classification
scheme. Figure 5.1 shows the GQA classification for
1994 and Figure 5.2 indicates the locations of the major
industrial and sewage discharges to the Estuary.
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Table 5.1
Water Grade DO BOD Ammonia
Quality (% sat) (mg/1) (mg/1)
(10 %ile) (90 %ile) (90 %ile)
Good A 80 2.5 0.25
B 70 4 0.6
Fair C 60 6 1.3
D 50 8 2.5
Poor E 20 15 9
Bad F <20 >15 >9
The overall grade assigned to a river or cana reach is determined by the
worst grade for each of the three parameters.
Figure 5.2 Industrial and Sewage Outfalls to tire Humber
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SECTION 6
MATHEMATICAL MODELLING
OF THE HUMBER ESTUARY

6.1 INTRODUCTION

The QUESTS (Quality of Estuaries) suite of water
quality models of the Humber system was implemented
in 1993 and 1994 These models are now used to help
with water quality management of the Humber system,
including evaluating the impact of effluent discharges.

6.2 MODEL VERIFICATION

The model provides predictions of water movements
and water quality based on information provided on
effluent loadings, freshwater flow and tidal conditions.
Figure 6.1 shows the locations of the main inputs taken
into consideration.  Further comparisons were made
between observed data from continuous chemical
monitors and model predictions, examples are shown in
Figure 6.2.

In general, the agreement was quite good but the model
had difficulty in closely representing the changing
pattern of oxygen levels that occurs over a spring/neap
cycle. It is thought that large amounts of bed sediment
are re-suspended on a spring and neap tides causing
further oxygen depletion. However, there is little data
on suspended solids and oxygen uptake to substantiate
this mechanism.

Figure 6.1

6.3 SEDIMENT OXYGEN DEMAND STUDY

Approval is being sought to upgrade some existing
continuous monitor sites to measure suspended solids
and to carry out measurements of the oxygen uptake of
suspended sediments. This will allow the model to be
calibrated to provide a better representation of this
process.

6.4 AN EXAMINATION OF OXYGEN
BALANCE IN THE HUMBER SYSTEM
USING THE QUESTS ID MODEL

6.4.1 Introduction

One of the principal water quality problems in the tidal
waters o f the Humber is the low dissolved oxygen levels
that occur in the lower part of the tidal Ouse during the
summer months. This zone of deoxygenation is
considered to be very significant in preventing the
passage of migratory fish, especially juveniles, and is
responsible for the very low catches of salmon and sea
trout.

The water quality benefits that would accrue from
planned Urban Waste Water Treatment Schemes and
possible industrial effluent improvements have been
examined using the QUESTS ID Model ofthe Humber.

Location of Inputs to the Humber used in Model Calibration
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Eigure_6"2 Examples of QUESTS Output Compared to Observed Values

The model has been configured to represent the whole
of the Humber tidal system including the tidal Trent.
Ouse, Wharfe, Don and Aire as well as the River
Humber itself. It provides a one-diniensional
representation of the system (i.e. complete mixing is
assumed across the width and depth of each channel).
The model is fully dynamic and can represent changes in
water level, flow and quality at an hourly or finer
resolution and is quite sophisticated in terms of the
processes represented. These include oxidation of
carbonaceous material, nitrification, re-aeration, and
erosion/deposition of sediment.

6.4.2 Model Simulations

Work with the early Humber Models indicated that the
two main factors responsible for deoxygenation were
the relatively poor quality of the Aire and Don at their
tidal limits and the effluent inputs to the tidal Ouse in
the Selby area. Also indicated by earlier work was that
Hull crude sewage effluents had only a very small effect
on oxygen balance in the tidal Ouse.

The current model is able to derive statistical summaries
of water quality from relatively long model runs. It was
found that a period of one calendar year was most
practical in terms of model run time (10 hours) and
generation of meaningful statistical summaries of water
quality. Model simulations are based on 1992, which
was chosen as a typical year (neither unusually dry nor
wet).
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A batch of four main simulations was run:

1

The existing situation. Based on the 1988-92

effluent loads and river quality, except that the

quality at the tidal limits of the Aire and Don were

improved to 1994 conditions to take into account

the marked improvement that has taken place in

recent years.

As (1) but with UWWTD/AMP2 sewage effluent

treatment schemes implemented as follows.

e All discretionary schemes in the Aire/Calder
implemented,

e Goole, Selby, Thorne and Barlby
provided with secondary treatment,

e Hull, Grimsby and Cleethorpes provided with
primary treatment.

As (2) but with 50% effluent load reduction from

industrial discharges in the Selby area.

As (2) but with 90% effluent load reduction from

industrial discharges in the Selby area

sewage

A comparison between the oxygen levels in the Ouse-

Humber generated by these

simulations and the

proposed Humber Estuary Committee oxygen standard
is made in Figure 6.3.
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A comparison between dissolved oxygen, BOD and
ammonia levels, and freshwater GQA standards is given
in Figures 6.4a-c.

Figure 6.4a  Ouse-Humber DO vs. GOA Simulation
Nabum Spum
Figure 6.4b  Ous&HumberBOD vs GOA Simulation
Figure 6 4c  Ous”Hunter.Ammonavs GOASaTulation
-GQA-C
OQA-D
1
2
.3
Nabum Spum
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This work confirms the principal findings of earlier
modelling work that the main factors responsible for the
deoxygenation in the tidal Ouse are the significant loads
of effluent from discharges in the Selby area and the
poor quality of the Aire and Don at their tidal limits.

In addition, there is a significant sediment oxygen
demand in the lower Ouse and around Trent Falls
associated with resuspension of bed sediment It is
suggested that this effect will be reduced somewhat by
reductions in polluting loads but will always be
significant in this type of estuary.

Significant improvements in the quality of the Aire and
Don have been achieved in recent years and there have
also been significant reductions in effluent loads to tidal
waters.

The UWWTD/AMP2 improvements will produce
significant water quality benefits in the tidal Don, Ouse
and Aire but significant load reductions will be required
from industrial discharges in the Selby area in order to
approach the dissolved oxygen EQS.

6.5 IMPLEMENTATION OF THE QUESTS 2D
MODEL

The 2D Model can provide water movement and water
quality predictions based on a 100m or 500m grid,
whereas the 1D Model assumes complete mixing across
the width of the Estuary. This enables the extent of
mixing zones to be established.

The 2D Model was fully implemented towards the end
of 1994 One of its first applications will be to produce
a range of water quality maps and animations of the
Humber to aid understanding of water quality and
dispersion processes. Early examples of outputs are
illustrated in Figure 6.5.
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Figure 6.5

Examples of QUESTS Output
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SECTION 7
1994 QUALITY - CONCLUSIONS

River flows during the summer of 1994 were low again after increases in the previous year.

Dissolved oxygen levels in tidal waters have improved, even at sites still failing the EQS.

Ammonia levels in tidal waters have improved and all sites now comply with the EQS.

Levels of List |1 and List Il metals in tidal waters continue to decrease.

Copper continues to be a problem in the Estuary.

Metals loads have generally decreased from all three sources: tidal rivers, industrial and sewage discharges.

Concentrations of most metals in sediments are below the five-year mean.

Some sites for some metals show increasing concentrations in sediments, possibly due to mobile sediments
releasing historic metal deposits.

Macroinvertebrate fauna generally remains consistent with previous years. f

Macroinvertebrate populations are influenced by natural changes and mobile sediments rather than by pollution or
water quality.

Microbiological populations show the influence of localised sewage contamination.
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N.B. Cross-references are indicated by italic script.

ADSTFACTION.......oiiiiiec e Removal ofwater from surface or groundwater, usually by pumping.

ADUNAANCE......oociee s e The total number of individual organisms recorded in a sample or at a
site, [see also Faunal Abundance, Total Abundance]

AMMONIA.iiiiiiiiiiiieiie s A chemical found in water, often as the result of the discharge of sewage

effluents. High levels of ammonia affect fisheries and abstractions for
potable water supply.

Amphipod A small, shrimp-like crustacean.

ANGEIODIC....eiiiiiciiit e Containing no oxygen.

ANNEX LA .. e Following the Second North Sea Conference in 1987, the UK
Government issued a list of dangerous substances for control to the
North Sea (Red List). The Third North Sea Conference of 1990
modified this list (Annex 1A).

Asset Management Plan.........cccceeiiiivcieniennn, A strategic business plan produced by the water companies for the Office
of Water Services (OFWAT) setting out the industry’s investment
programme for the period 1995 to 2000.

Average Score Per TaX0N.....ccocovoeveirenenerieenn. A statistical refinement of the BMWP Score.
BenthiC......ccociiiiic Referring to life in or on the sea floor.
Bio-accumulation..........coccoeovieiiineinccee A mechanism whereby organisms accumulate, in their body tissues,
substances which are present in dilute concentration in sea or freshwater.
Biochemical Oxygen Demand........c.c.cccecevvrnnenene. A standard test for measuring the uptake of dissolved oxygen in water by
the microbial decomposition of organic matter:
Bio-Cconcentration.........cccoevevnnecinnccnsees A mechanism whereby organisms concentrate, in their body tissues,

substances which are present in dilute concentration in sea or freshwater.
Biological Monitoring Working Party Score.... A biological index for indicating the health of a river.

Brackish Water...........cccccoooniiininiiic e Water which is saltier than freshwater but less salty than seawater.
C
Catchment.......ocooii e The area of land that drains into a particular river system.
Catchment Management Plan.........c.ccccovveenie An NRA plan providing a comprehensive framework for addressing all

their functions, including flood defence, within the catchment of a main
river, [see also Local Environment Action Plan]

CONTIUBNCE. ... The point at which two rivers meet.

Consent A statutory document issued by the NRA under Schedule 10 of the
Water Resources Act 1991 to indicate any limits and conditions on the
discharge of an effluent to a controlled water.

CUMEBECS ottt Cubic metres per second (1 cumec = 1000 litres per second).
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D

Dangerous SubStanCes.......ccoevvereieviieneinieieenen, Substances defined by the European Commission as in need of special
control because of their toxicity, bio-accumulation and persistence. The
substances are classified as List | or List Il according to the Dangerous
Substances Directive.

Dissolved OXYGeN....cccovieiinnnieererseee e The amount of oxygen dissolved in water, which is an indication of the
‘health’ of the water and its ability to support aquatic life. It is part of the
system used to classify water quality.

B D N 1 4T A collective term for the insecticides Dieldrin, Endrin, Aldrin and Isodrin,
previously used in the textile industry. Total ‘drins are controlled under
List | of the Dangerous Substances Directive.

Environment AgeNCY ..ccoooeoeierreeieneneecieeeeeenens A Government body responsible for environmental protection,
incorporating the National Rivers Authority, Her Majesty's Inspectorate
ofPollution and the Waste Regulatory Authorities.

Environmental Quality Standard A specific limit for the concentration of a particular substance in water.

Eutrophication ... An increase in nutrients in a body of water, which may lead to extensive
algal and weed growth, with undesirable consequences.

Faecal Coliforms.....ccccveiiveiciice e, Bacteria found in faeces (e.g. human waste).
Faunal Abundance The total number of individual organisms recorded in a sample or at a
site, [see also Abundance, Total Abundance]

General Quality Assessment.......cccccvvvvverrennnn. A national method of evaluating water quality whereby the rivers in
England and Wales have been divided into reaches each with an allocated
chemistry sample point. These points are monitored for BOD, dissolved
oxygen and total ammonia with GQA grades assigned accordingly. This
scheme is replacing the previous N1VC Classification scheme.

H

High Shore .. Shoreline nearest to land, covered only at high tide.

Her Majesty’s Inspectorate of Pollution....;...... A Government body responsible for pollution control of inland
industries. Now incorporated into the Environment Agency.

HydrocarbonsS. ... Compounds of carbon and hydrogen found in petroleum products (e.g.
oil).

Integrated Pollution Control.........cccccoeveveieiiiienne An approach to pollution control in the UK which recognises the need to
look at the environment as a while, so that solutions to particular
pollution problems take account of potential effects upon all
environmental media. IPC deals with releases to air, land and water and
uses the principles of BATNEEC (Best Available Technique Not
Entailing Excessive Costs) and BPEO (Best Practicable Environmental
Option).

Intertidal. ..o The region of shore that lies between the highest and lowest tides.

INVertebrate. ... Animal without a backbone.

L.,
Local Environment Action Plan........ccccccoveeenene. An Environment Agency plan which provides a comprehensive

framework for addressing all its functions within the local environment.
These plans replace the NRA’s Catchment Management Plans.
Lindane...ccoenernieniniene s Jeeeeee e Gamma HCH: a form of the chemical hexachlorocyclohexane used as a
wood preservative and previously used in sheep dip, HCH is controlled
under List | of the Dangerous Substances Directive.
LOW SHOTE. it Shoreline uncovered only at very low tides.

62



NWC Classification

National Rivers Authority.

(0]

Oligochaetes........
Organic Complex

Percentile.

Polychaetes.

Recruitment.

Site of Special Scientific Interest
Species Richness.......cccoevveennn,
Species Variety.......coceevenennnn.
Subtidal.......ccooieiiiii
Suspended Solids.......cccoeeviennnne

Suspended Solids, Ashed.............

Taxon (pi. taxa)...
Taxonomic Level.

Taxon Richness...
Tidal Range.........
Tidal River...........

Total Abundance.

ug/l

w

Waste Regulatory Authority.
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Ministry of Agriculture, Fisheries and Food.
milligrams per litre (1/1000 of a gram per litre), [see also ppt]
Shoreline uncovered for short periods at low tide.

nanograms per litre (1/100,000,000 ofagram per litre).

A national method of evaluating water quality whereby the rivers in
England and Wales have been divided into reaches each with an allocated
chemistry sample point. These points are monitored for BOD, dissolved
oxygen with total ammonia and NWC classes assigned accordingly. This
scheme is being replaced by the new GOA Classification scheme.

A Government body responsible for water quality, resources and
pollution control. Now incorporated into the Environment Agency.

Segmented worms related to the common earthworm.
A compound formed between, for example, a metal ion and an organic
substance such as a protein.

A set of data is arranged in descending order and the n %ile is the
greatest value of n % of the sorted data set.

Segmented bristle worms.

Parts per thousand (equivalent to mg/f).

The influx of new members into the population by reproduction or
immigration.

A site given statutory designation by English Nature or the Countryside
Council for Wales because of its conservation value.

The number of different species recorded in a sample or at a site, [see
also Species Variety]

The number of different species recorded in a sample or at a site, [see
also Species Richness]

The area which lies below the low water mark and which is continuously
covered by water.

Solid matter in a water sample which is retained by filtration under
specified conditions.

Solid matter remaining once the material filtered out of a water sample
(under specified conditions) has been incinerated at a specified
temperature for a specified period of time.

A grouping of organisms without defining the taxonomic level.

The precision with which an organism is identified, i.e. species, genus or
family.

The number of different taxa recorded in a sample or at a site.

The difference in height between the high and low water levels.

The stretch of a river between the tidal limit and the estuary proper:
subject to tides but not saline.

The total number of individual organisms recorded in a sample or at a
site, [see also Abundance, faunal Abundance]

Microgrammes per litre (1/1,000,000 of a gram per litre).

A Local Government body responsible for waste regulation. Now
incorporated into the Environment Agency.
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APPENDIX 1
Environmental Quality Standards
| for the Humber

For the purpose of defining EQOs, the Humber is divided into a tidal rivers section (from the tidal limits to Trent Falls)
and an estuary section (from Trent Falls to the seaward limit - a line drawn between Spurn Point and Donna Nook).

DETERMINAND TIDAL RIVERS ESTUARY COMMENT
Temperature ,25°C 25°C 95 %ile
Dissolved oxygen 40% saturation 55% saturation 5 %ile
pH 5.5-9.0 6.0-8.5 95 %ile
Unionised ammonia 0.021 mg/1 0.021 mg/1 95 %ile
Mercury 1.0 ug/IT 0.3 ug/l D annual mean (1)
Cadmium 50ug/l T 25 ugll D annual mean (1)
Arsenic 50 ug/l D 25 ug/l D annual mean (3)
Chromium (I11 + VI) 250 ug/1 D 15 ug/l D annual mean (3)
Copper (1) 28 ug/l D 5.0ug/1 D annual mean (2,3)
Lead 250 ug/1 D 25 ug/1 D annual mean (3)
Nickel 200 ug/l D 30 ug/l D annual mean (3)
Zinc 500 ug/l T 40 ug/l D annual mean (3)
Iron 1000 ug/1 D 1000 ug/1 D annual mean (3)
Boron 1000 ug/ll T 7000 ug/l T annual mean (1)
Vanadium 60 ug/l T 100ugll T annual mean (1)
HCH 0.1 ug/l 0.02 ug/l annual mean (1)
DDT (all isomers) 0.025 ug/l 0.025 ug/1 annual mean (1)
DDT (pp isomer) 0.01 ug/1 0.01 ug/1 annual mean (1)
CTC 12 ug/1 12 ug/1 annual mean (1)
PCP 2 ug/l 2 ug/l annual mean (1)
Total ‘drins 0.03 ug/1 0.3 ug/l annual mean (1)
Endrin 0.005 ug/1 0.005 ug/1 maximum (1)
TCB 0.4 ug/1 0.4 ug/1 annual mean (1)
TCE 10 ug/1 10 ug/1 annual mean (1)
DCE 10 ug/1 10 ug/1 annual mean (1)
PER 10 ug/1 10 ug/l annual mean (1)
(1) Mandatory: EC Dangerous Substances Directive Environmental Quality Standards for List | Substances.
2) Higher values acceptable where acclimation expected or copper present in organic complexes.
3) National List Il Environmental Quality Standard.
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APPENDIX 2
Results of Humber Routine Survey:
Shore-based Water Quality Sampling |

Table A2 1 1994 Results vs. EOS: temp. DO. pH. un-amm

STATION Tciivuulure (* D Omohed ox>Tim (jnp'1) pH Unionsed aramcrei (W 1)
Norf Narf Ma }Ain MsS* Satf Na< Mm|Mm Rapft 3eekJr Narf Na<€ fcUs|Uai *1**  Nati  Naif Us | Mo wsit
<« 1lilib in~lo eEU*m Escplei Snpb mth<« funta
<LOD  btfbOD hamOD <L00O bMffbOD hrifLOD <LOD b*LOD hrtOOD <LOD btfXOD httfibD
TIDAL
RIVERS
OUSE
cawood 10 0 181 49 9 168 u 0 960 760 * 810 13 0 79 46 * 79 10 0 0009 0.0002 . 0009
Selby 12 0 186 48 “ 179 10 0 101.0 660 . 69.6 14 078 73 ' 78 12 0 0014 0.0002 L] 0.014
Dm 12 0 189 46 * IS 1 10 0 960 480 * 57.0 14 079 72 * 7.8 12 0 OOU 0.0003 . 0008
BooOrfory 13 0 200 50 20.0 1 0 101.0 62.0 * 6V3 13 077 74 7 13 0 0035 0.0005 . 0020
Blacktoft 12 0 222 .16 * 210 B 0 925 470 * 498 14 078 71 78 12 0 0.005 00006 - 0003
AIRE
StunlK 3| 0[22,0]19 9| * | 2vB 3] 0] 587j32.01 * [ 332 3] 0] 7.5174| . 1} 3| 0] 001310.00441  * | 0.012
DON
Kirk Bronwtlh 13 0 182 60 * 181 12 0 97.0 510 * 56 8 13 076 72 . 76 13 0 0.010 0.0021 - 0.010
RiwdifTs 13 0 190 57 183 13 0 910 320 " 380 14 0 77 74 * 77 13 0 0008 0.0007 . 0007
TRENT
Dunham 7 0 0.0 50 * :0.0 7 0 940 680 * 716 7 081 78 * al 7 0 0008 0.0020 . 0007
Garatxxough 14 0 200 60 “ 194 M 0 1020 67,0 768 14 0 S3 78 [ 82 14 0 0006 0.0020 . 0005
lleadbv 14 0 190 50 * 190 14 0 960 460 * 525 14 082 77 L] 81 14 0 0007 0 00X0 . 0007
VVHARfE
R>ther 1f of1s Jo| x| IS 1 8} 0] 940]8.0j * | 337 M| ol BOI T6| 1 80 m 0/ 000310.00031 m | oo00:
EQS 25<95%tfc, 40Q 33-90 0021 (9) Stitt
ESTUAKV
Brough 6 0 u*o 80 * U3 5 0 1150 67.0 p 67,9 7 078 73 * 76 6 0 0006 00006 . 0.005
Mew Holland U 0 190 50 184 10 0 62.0 64.0 * 64 X 14 0 78 76 * 76 * - . - .
Albert Dodc u 0 201 60 201 9 0 87.0 660 * 67.1 12 079 74 * 7.2 n 0 0013 00006 - oou
Saltenri u 0 190 56 185 K 0 102.0 580 * 6L2 1 079 75 L] 79 n 0 0006 0.0006 - 0004
kjlhnRholme 14 0 190 30 190 n 0 81.0 560 575 14 0 78 76 . 78 * - - M * -
Spum n 0 1HO 50 )7.5 8 0 1190 730 78 14 083 79 * 83 12 0 0.019 00012 J 0012
EQS 259 55(5nde> 6 11-K3 0021 (93%ll«)
“ No data avolabte
Raiye of mearta calculated by taking the lcs» than* value* tf equal to zero for the lower valuead » equal to tht LOD for Ihc higher (»ee section 3 4 2)
Table A2.2 1994 Results vs. EOS: As. Cd. Cr
STATION Anenic (ur'l) Cadmium Chromium (ou.1)
No. of No. of Max | Min Rang* Mein No of Soof Max | Min Range Mean No of  No.of Mu | Min Rb" ¢ Mean
Sanies Sandies with* it ofMon with<at  San~dei  San”e* »nh<u ofMian with< at ~ Sorr*ki Sandies with <at ofMean wilh<al
<LOD lalf LOD halfLOD <LOD halfLOD half LOD <LOD hilfLOD halfLOD
TIDAL
RIVERS
OlISE
Cawood 7 2 6.6 < 1.0 22 -36 29 7 1 06<01 025 -0.27 0.26 6 5 13< 10 0.2 - 11 0.6
Selbv 7 2 70< 14 31 -46 3.9 7 0 06 01 * 0.32 7 4 21 < 10 0.6 - 12 0.9
Drax 6 2 106< 22 46 -63 5.4 7 0 32 02 * 0.80 6 2 29< 10 12 - 16 14
Boolhlerr-v 7 2 113< 37 54 -68 6.1 5 1 17<01 069 -0.71 0.70 7 1 35< 10 18 - 19 18
Bbckloft 7 2 59 < 35 32-46 3.9 7 0 11 o4 . 0.68 6 1 123 < 10 42 - 44 43
A1RK
Siuilh 2| O 13.4] 119 . | 117 2| 0] 10| 01 . | 0.54 2| o] 40[ 17 * | 238
DON
KirL Hranrnilh * * * * * 7 2 04< 01013 *0.16 0.14 7 3 32< 10 10 - 15 1
Rawclifls 4 1 80< 1438-51 4.4 6 0 11 0.2 . 0.43 5 3 Mi< 10 09 - 15 12
TRENT
Dunham 6 1 31 < 10 19-20 19 7 0 04 02 * 0.31 7 1 46 <05 22 -23 23
Gainsborough 4 0 15 14 47 6 0 06 03 * 0.37 7 0 40 06 2.0
Keadbv 4 0 8.6 2.3 6.0 7 0 22 03 * 0.82 6 0 33 06 * 19
WIIARFE
RythcT 6| Sj 29< 10J05 m2.61 16 7| 2| 1.31< 0.110.33 - 0.36 | 134 5| 3| 2.l]< 1.0/06 - 12] 0.9
EQS 50D 5T 250 D
ESTUARY
Brough 7 2 44 < 34 28 -43 35 7 4 04<03 013 -0.27 0.20 7 2 102< 10 39 -42 4.0
New Holland 6 3 23< 20 11-21 16 5 1 13 <0.3 047 -0.52 0.49 6 6< 20< 1500 - 16 0.8
Albert Doclc 7 2 34 < 2320 34 2.7 4 1 06 <03 036 -042 0.39 7 1 147< 1062-63 6.3
Sahend 6 2 2S< 19 14 -31 2.2 4 1 05< 03031 -0.37 0.34 6 1 138< 1068 -70 6.9
Kiilmpjwbnc 7 6 15< 1502 - 19 11 1 3 06 <06 015 - 060 0.24 6 5 43 < 1507 - 21 14
Sputri 7 4 25 < 1007 -24 15 5 2 03<03019-0.29 0.24 7 1 161 < 10 6.8 - 6.9 6.8
nos 25D 25D 15D

T*“ ToUl D = Dissolved
* Nodili iviibble
Range of mean a calculated by tiling the Tot lhan' values m equal to zero for the lower value and at equal to the LOP for the higher value (>ectection 342)
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1994 Results vs. EOS: Cu. Fe. He

Table A2.3
STATION
No of  No of
Samlia  Sample!
<LOD
TIDAL
RIVERS
QOUSE
Cawood 7 1
Selbv 7 1
Drax 6 0
Boothlinry 7 !
Blackloft 6 1
AIRE
Snaith 2] 0|
DON
Kirk Bramwith 7 u0
Rawcliffe 5 0
TRENT
Dunham 7 D
Gainshorough 7 0
»Ceachy 6 0
WHARFE
Rvther 5| oi
F.QS
ESTUARY
Brough 3 0
New Holland 0
Albert Dock | 0
Saltend *
Killingholrne 5 0
Spurn
EQS

T " Tom) D = Dissolved

* No data available

Copper (ug/l)

Mu | Min Rwge Mein No.of  Noof
vnh<« oTMean wuh<a  Sonpies Saapin
halfLOD halfLOO <LD

123< 10 45-46 45 7 0
155 < 10 6.7 -68 6.8 7 0
176 31 * 74 6 0

31.9< 10 118 - 119 11.8 6 2

233< to 86-*8 8.7 7 4

195] 16.it * 1 17.9 2| ]
143 33 . 7.4 7 0
153 21 * 73 4 0
104 48 * 79 7 0
118 58 * 81 7 1
108 51 * m 78 6 3
117] 1.0 * | 4.2 6| 0]
28 D
19 19 * 53 7 5
181 27 * 9.5 6 6
51 51 * 51 1 3
* * . * 6 1
59 10 * 31 6 3
A * * . 7 3
5D

Range ol*mean » calculated by taking the 'leu than* values at equal to zero for the tower value and as equal to the LOP for the higher value (see section 34 2)

Table A2.4
STATION

T1DAL
RIVERS
OUSE
Oawood
Selbv
Drax
Boothftrrv
Blacktott
AIRE
Snaiih
DON
Kirk Hrarmvith
RawclilVe
TRENT
Dunham
Gainsborough
Kcadbv
WHARJTi
Rvther
nos
ES1UARY
Brough
New Holland
Albert Dock
Saltend
Killingholme
Spurn
EOS

1994 Results vs. EOS: Pb. Ni. Zn

No of
Sajrpta

NN N~

5|

N g N~

T - Total D mDissolved

* No dala available

NOrof

<LOD

2

W kN O w

Lead (ur'l)

Mm | Min Range Mean
Wi& <at ofMewi widi <at
halfLOD halfLOD
29< 10 16 - 19 175
30< 1009 - 15 121
29< 1007 - 13 0.99
31 <10 10-16 1.27
43< 10 11 - 16 1.36

2[< 1.0[< 1.0]0.0 - 1.0 0.50
34< 1009 - 15 118

* 10< 10 0.0 - 1.0 0.50
29 07 * 1.38
24 * 05 1.0 - 11 1.04
20| 06 . 100

| 1.*]< 1.0[0.9 - 1.31 1.14
250D

32<10 10 - 14 117

< 25< 2500 -25 1.25
44 < 10 16 - 19 1.75
51 <10 21 - 23 2.18

< 25<2500-25 125
6.0 <10 19 -24 2.16
25D

No.of  No.of
Sampto  Sanplea
tLOD

6 2
5 2
6 1
6 1
7 1
2| 0|
7 0
5 1
7 0
7 0
6 0
e| 2!
7 1
6 0
7 1
6 1
5 0
7 1

Range of mean b calculated by taking the lcs» than' values a equal 10 zero for lhe tower value and as equal lo the LOD fa the higher value (see «cction 3.A2)
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Iron (ug/l) Mercury (ug/l)

Mex | Mm Range Mean  Noof Naof Max| Mm Rmgt Mean
mdi<m oTMean wh<a Santee Swnple# wnii<g; ofViean wri<at
halfLOD halfLOD -aL.0D halfLOD halfLOD

2150 580 * 1211 6 S 02<010003-0.11 0.07

250.0 55.0 1141 7 5 02 < 0.10 0.06 - 0.13 0.10

258.0 440 ¢ 138.0 7 3 02<0.10 008 - 0.12 0.10

222.0 < 400 1020 - 1153 108.7 7 3 04 <010 017 - 022 020

157.0 < 400 529 - 75.7 64 3 7 1 04<010 023 -0.25 0.24

88.01 43.0| * | 65.5 * 1 ox 1 * 1 * * 1 *

1920 420 ¢ 115.6 7 6 01< 010 0.02 -0.10 006

1780 560 * 102.5 6 3 03< 010 011 -0.16 0.14

115.0 167 * 475 7 7<01<003 000 -004 0.02

674 < 100 36.7 - 381 374 7 4 04 <003 007 <010 008
837 < 100 242 - 292 26.7 7 2 03 < 003 0.10 +0.12 011
1330| 52.0| * | 887 6| 5| 0.1)< 0.10/0.02 - 0.10| 0.06
1000 D 1T
47.0 < 400 124 . 410 26.7 7 6 02< 010 002 - Oil 007
1000< 30 00 -305 15.3 6 5 01<0.05 001 -005 003
63.0 < 400 329 -500 41.4 7 7 <01 c 0.10 0.00 *0.10 0.05
507.0 < 400 93.7 - 1203 107.0 6 6 < 01 < 0.10 0.00 * 0.10 005
510.0 <20 0 1000 - 1233 111.7 7 6 01< 005 001 -0.05 003
620 ¢ 400 28.0 -45.1 366 7 1< 01< 010 000 -0.10 0.05
1000D 03D
Nickel (url) Zinc (url>
Mu [ Mn Range Mem No of Vo of Udi | Mn Rang« Mean
with <at ofMead mitcat Sarple* Sanfrie* with < at oTVean widi<u
halfLOD belfLOD cLOD halfLOD 1iiltLOD

43 < 10 16-20 18 7 0 249.0 23.0 . 84.3

77< 10 23-27 25 7 0 356.0 24.0 . 1179

87 < 10 46 -47 4.7 7 0  1460.0 30.0 309.6

100 < 31 57 -65 6.1 4 0 317.0 36.0 * 1445

107< 50 68 -75 71 7 0 498.0 27.0 » 196.0

1721 6.81 * | 12.0 2| o] 341.0 107.0 . | 224.0

219 101 * 173 7 0 790 300 4 45.0

110< 50 7.7 -87 8,2 6 0 1710 32.0 * 104.4

24.* 9.9 * 17.6 7 0 59.3 285 4 38.3

196 105 * 14.0 7 0 999.0 28.0 * 190.7

14.7 73 * 113 7 0 784.0 59.2 * 236.6

2 .7 1.Q 13 w17 | 15 71 2| 26ft0)< 20.0]529 - 58.61 557
200 D SOOT

122 < 50 73 -80 7.6 6 3 240< 50 90 163 12.8

62 43 . 48 6 0 31 103 ¢ 226

153 < 50 9.6 - 103 10.0 7 3 33.0 < 58 127 212 16.9

164 < 50 91 -99 9.5 6 2 528 < 82 164 2M 19.8

44 30 * 3.6 6 0 281 51 * 131

236 < 50 118 - 125 122 6 2 746 < 50 197 238 21.8

30Dl 40D



Quality of the Humber Estuary 1994

Table A2.5 1994 Results vs. EOS: B. V. TCB. HCH
station O<wn <u*/I1 Vaadtuznfugl) TncWerob«r«a»e<Uf;l) HeucMoroc”ftobetste fuel)
K*<* tux | Mi KittgC Um N»«r  N»rf Um | Ma Mast N«.«r Na<* Uvjkin Banff loi Hx* | Mu *pme Mob
Saitlc* «4l<M tfMcti Sviplo togria <@ witfi <m yundff w* <m rfMisi wifi<H 3*T%» svnpl* vitfl <P tfllca »*< it
<Loo MrLOD bflOD <LCD MfLOD toIfLOD <LOD terLOD tmXUJD CLOD hsTLOO tarLOO
TIDAL
RIVERS
OUSE
Cvwood 7 0 1940 289 1019 7 0 637 12 17.0 . 6 6coon < 000) OOOM - 00062 0 0055
Sdby 7 0 3770 299 (530 7 0 910 14 266 ¢ * . . 7 5 00S0 < 0.001 0.0190 - 0.0199  0.019J
Dw 7 0 8060 415 3952 7 03M0 74 76 S 7 4 0066 < 0001 00224 - 00231 00228
Boothfanv 3 0 9480 100.0 499.0 6 0 1680 5.0 719 . 7 3 0,102 < o.00t 00297 - 00303 0.0300
Blackioft 7 0 22X60 201.0 11257 7 0 1400 115 497 . * = . . ] 7 3 0.021 < o.00t 0.0067 - 0.0079 00073
AIRE
Siwih 2 0! 77T0| 6S6Q | 7313 2| 0| 860123 21 * I 546 « | m | *| 1 2| Ql 0!25 0.084 1 0.1045
DON
Kat Biaxrrutfh . 6 6 < 0.013 < 0001 0.0170 - 00180 0.0175
Rewdifle 6 0 11730 1860 393,7 6 0 365 26 W i * 6 3 0073 < 0001 0.0277 - 0.0282 0.0279
TRENT
Durtham 7 0 6130 173.0 3881 7 0 79 25 ] 40 7 <0026 < 0.005 00060 - 0.0146 00103
G*a*borouah 7 0 6190 17301 3833 01840 31 * 358 . *oox * . 6 6 <0.041 < o.00s 00080 « 0.0163 0.0112
Keadhy 7 0 9790 1641 469 4 7 1 942 10 355 *35.6 356 - 7 7 <0,023 < 0.005 00043 - 00119 0.0086
WHARFE
Rithcr 7| Dl 1960 218\ .« * 941 7 4] J«2| 100 96 - 102 99 1 [ [ 7 7|< 0.00S|< 0.00110 0023 *0 003J| 0 0029
b'0S J000T 60T 04T 01T
ESTUARY
Brovfh 5 0 23120 6960 1576 6 6 0 745 17& . 41.7 . . * p * 7 5 0.022 < o.00i 00069 - 00076 0.0072
NewHoDond 6 5 0.003 < 0002 0.0003 - 00044 0.0023
Albert Dock 6 0329*0 LIW.0 2456K 6 0 996 246 * 42,9 * 6 5 000S < 0001 00030 - 00043 00037
$*ict*l 5 0 35390 1979 2773 4 5 0 28 139 191 . * . 6 5 0.008 < 0.001 0.0042 - 00050 0.0W6
Kullinghobne . * * * * . * o * 7 6 0003 < 0.002 0.0003 - 00045 00024
Spum 6 0 45250 3132.0 40S7.3 6 0 344 53 L 146 - . *o* * 7 6 0006 < 0001 0.0019 - 00031 00025
EQS 70007 100 T 04T 002T
T mTotal D» Dawlved
= No dala jvnlafcli)
Range of memii ctkvlacd byntjag the Tat flanfnlaa m nyalto ago forIht knweT vtlae gnd a equal lo the 1.00 for the higher v«)ue face acaipp 3 4.11
Table A2.6 1994 Results vs. EOS: DDT. PP. PCP
STATION Toul DDT futii'l) DDT - HP Lioroer (ug/D Pmachkwopbenoi i'ue/)
Noof Nocf Mu | Mn Knife Mwi Noef No<d Mu | Sin R«se Mw No«  Noof Mx | Mn Sicm
Sampin - Xanpto *4hca of Men wali-ca  Strapin  Smpfet h rfMtn wAh* it Saple)  Simpler with<*| of Mean *Hh<n
<LD hi)fLOO half LCD <LOoD halfLOD half LOO <LOD half LOD htlfLOD
TIDAL
RIVERS
OUSE
Cawood 6 6 < 0005 < 0002 0000 - 0005 0002 6 6 *=0005 < 0002 0000 - 0003 0001 7 7<020< 020 00 -0200 01
Sefey 7 7 < 0.mo < 0002 0.000 - 0.000 000.1 7 7 < 0010 < 0002 0000 - 0 001 0002 7 7<020< 020 00 -0200 01
Drax 7 7 < 0.005 < 0002 0-000 - 0.005 0003 7 7< 0.005 < 0.002 0.000 - 0.003 0001 6 5 050< 020 01-0.250 02
Boothfcrry 7 6 0.006 < 0002 0-000 - 0005 0003 6 6 < 0.010 < 0002 0000 - 0003 0002 7 7<020< 02 00 -0.200 01
Black! oil 6 6 < 0.002 < 0.002 0-000 - 0.00t 0002 6 6 < 0002 < 0002 0000 - 0.002 000) 7 7<020< 020 00 -0200 01
AIRE
Snatth 2| 2[< 0002|< 0002)0000 - 0004 | 0002 2| 2\< 0()02I< 0002(0000 - 0002 | 0001 2| 2|< 020l< 020 00 -0200| 01
DON
Krt Brimwith 6 6 < 0.002 < 0002 0.000 - 0004 0002 6 6 < 0002 < ooo: 0000 - 0002 0001 7 5 040< 020 01 -0229 02
Rawlifife 6 6 <0002 < 0.002 0.000 - 0004 0002 6 6 < 0002 < 0002 0000 - 0002 0001 7 6 040<020 01-0229 01
TRENT
Dunham 7 7 <0005 < 0.005 0CFY - 0.010 0.005 7 7 < 0005 < 0005 0.000 - 0,005 0003 ” . « . . *
CminslvrouRh 6 6<0005< 0005 0000 - 0.010 0.005 6 6 < 0005 < 0005 0.000 - 0005 0003 m * * . * .
Keadbv 7 7 <0005 < 0005 0000 - 0010 0005 7 7 <0005 < 0005 0000 - 0005 0003 . * . . .
WHARFE
Ryther 7l 7]< 0.0021< 0002|0000 - 0004 | 0002 7| 7|< 0002/< 0002(0000 - 0002 1 0001 71 7(< 0.20l< 0201 00 - 02001 01
EQS 0.025 T 001 T 2T
liISTUARV
Brrajfth 7 7 < 0002 < 0002 0.000 - 0004 0002 7 7 <0002 < 0002 0000 - 0002 0001 6 6 <=020 <0 20 0000 - 0200 01
New Holland 6 6 < 0.052 < 0001 0.002 - 0.009 0006 6 6 < 0012 < 0001 0.002 - 0006 0004 7 5 01 < 002 0028 - 0042 00
Alhen Dock 6 6 < 0.005 < 0002 0000 - 0005 Qaxc 6 6 < 0005 < 0002 0000 - 0003 0001 6 6<020< 020 0000 - 0200 01
Saltend 6 6 < 0005 < 0002 ooob . 0004 0002 6 6 < 0.005 < 0002 0000 - 0003 0001 4 4<020< 020 0000 - 0.200 01
kiUtnRhobne 7 7 <0005 < 0001 0000 - COOCS 0004 7 7 < 0005 < 0001 0000 - OOW 0002 7 5 015 < 002 0025 - 0.039 00
Spurn 7 7 < 0.002 < 0002 0000 - 0.004 0002 7 7< 0002 < 0002 0.000 - 0002 0.001 7 7<020< 020 0000 - 0.200 01
EQS 0025T 001 T 2T

T “ Total D-Dmolved
* No data nvaibHc

Raigc of mean p calculated bytaking the Ten then* valuo m mmil in aero for the lower vakie md as equal to the LOD for the hfther vaiie (tet section 342)
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Table A2.7 1994 Results vs. EOS: CTC. ’drins. Endrin
STATION Carbon Tetrachloride (ug/I) Tola!'drins (ug/ly
No.of  No.of Max | Mm Kanf< Mean No.or  No or Max | Min Kanp
Sanpk* Snrto w*h< B ufMcan HIK I Samha wth<«
<LOD halfLCO halfLOO * LOD halTJ.00
TIDAL
RIVERS
OUSE
Cawood 7 7<01< 00500 -0093 0046 6 6 < 0.005 < 0.001 0.0000 - 0.0058
Selby 6 6<01<00500 -0092 0046 7 7 < 0010 < 0.001 00009 - 0.0083
Drax 5 5<01<00500-0095 0045 7 7 < 0.005 < 0001 0.0007 » 0.0061
BoothfcsTy 5 5<01<00500-009 0045 7 7 < 0.005 < 0.001 00016 - 00064
BU ckiofl 5 5<01<00500-0090 0045 7 7 <0003 <0001 00014 - 0.0059
AIRE
Snaith 21 2|< 0.1|< 0.10[ 0.0 - 0.100| 0050 21 2|< 00051< 0.00110 0035 + 0 0075
DON
Kirk Bramwith 6 6<01< 005 00 -0092  0.046 6 6 <0002 < 0001 00000 - 00048
Rawcliffe 5 5<02<00500-0110 0055 6 6 < 0003 < 0.00) 0.0013 * 0.0058
TRENT
Dunham . * * . . * 7 7 < 0.005 < 0005 00000 - 0.0200
Gainsborough * 4 * * * * 6 6 < 0005 < 0.005 00000 - 00200
Keadby * . . .t * 7 7 < 0005 < 0.005 00000 - 00200
VVHARFE
Ryther 6] 6)< 0.11< 005100 - 0092| 0046 7| 7[< 0.002|< 0.001[0 0003 - 0005C|
EOS 2T
ESTUARY
Broufih 5 5<o0.t<00500-0090 0045 7 7 < 0003 < 0.00! 0.0013 - 00056
New Holland ¢ * * * * 6 6 < 0008 < 0001 0.0015 - 00534
Albert Dock 5 5<0!<00500-0090 0045 6 6 < 0.005 < 0.001 00005 - 00060
Sahcnd 4 4<01 < 00500 - 0.0gg 0,044 6 6 < 0002 <0001 00000 - 00048
Kjllingholme . . . * * * 7 7 < 0.005 < 0001 0.0001 - 0.0132
Spum 5 5< 01 <005 00-0090 0045 7 7 < 0.002 < 0.001 00000 - 00049
EQS i2T

T - Total D - Dissolved
* No data available

Endrin (ug/1)

Range ofmean a calculated bv taking the 'leu than' vahjea as equal to zero for the lower value and as equal to the LOD for the highervalue (sec «ctmn 34 2)

Table A2.8 1994 Results vs. EOS: TCE. DCE. PER
STATION Tnchtoroethylene (uc/1)
No of Mn | Mu Rjngt MB> No.d
Simplo  Smplci <a ofMon Stmpls  Sinples
<LD tuifLOO hilfLOD <L0oD
TIDAL
RIVERS
OUSE
CBWDod 7 7<01<0.05 00 +0093 0.6 7 6
Sclfev 6 6<01<00500 -0092 0046 6 5
Drax 5 5< 0) < 005 0.0 - 0090 0.045 4 3
Bi*othferrv 5 5 01 <005 00 -0.090 0045 5 3
Bbcktoft 5 5< 01 < 005 00 - 0090 0.045 5 4
AIRE
Smith 2] 2|< 0.1]< O.I0IOO - 01001 0050 * 1 * 1
DON
Kirk Bramwith 6 6 01 005 0.0-0092 0046 . .
Rawclrffe 5 5 02<005 00 -0.no 0.055 5 3
TRENT
Dunham ° * . * . * * .
Garohorouch \ . * * * * ° *
Keadby * * . . . * .
WHARFE
Rvther 6| 6/ 0!l 005/00 - 00921 0046 * 1 * 1
EOS 10T
ESTUARY
Brough 5 5< 01 < o0os 0.0 «0.090 0045 5 5<
New Hothnd . * * . . . *
Albert Dock 5 5<01<005 00 - 0.090 0045 5 <
Sahend 4 4<01<00500-0088 0044 4 A<
Kiltinftholmc » . . . * * * .
Spum 5 5< 01 < 005, 00 - 0.090 0045 5 S<
EOS 10T

T _ Total D _ Dissolved
* No dau aveibMe

L2.Dichloroelhane (ub'H
Mu | M* kjogt
Ha<it afUtta

LoD hi

1.000 < 0 100 0.1129 - 0.5986
1.000 <0100 0 1417 - 0.6917
1000 < 0 100 0.2325 - 10075
1.000 < 0 100 02640 - 0.8840
1.000 < 0.100 0.1920 - 0 8780

*

2,000 < 0.100 00000 - 0 6600
2000 < 0 100 00000 « 0.6600
2000 < 0 100 0 0000 - 0 8000
. *

2000 < 0 100 0.0000 - 06600

Mea Noof  No of Max | Min Hop Meat
wth<«  Smmplti SvnpIM wahc & ofM«n wnh<*
hal TLOO <LOD MfLOO lutfLOO

0.0029 6 6 < 0005 < 0002 00 - 0.0025 0.0013

00046 7 7 <0.010 < 0002 0.0 - 00031 0.0016

00034 7 7<0005< 0002 0.0 - 00024 00012

0.0040 7 7 < 0.005 < 0.002 00 - 00024 0.0012

00036 7 7 < 0.002 < 0.002 0.0 + 00020 0.0010

00055 2| 2|< 0002|< 0002 0.0 - 000201 0.0010

00024 6 6 < 0.002 < 0002 00 - 0.0020 0.0010

0.0036 6 6 < 0002 < 0.002 0.0 « 00020 0.0010

0.0100 7 7 <0005 < 0.005 0.0 - 0.0050 0.0025

0.0100 6 6 < 0.005 < 0005 00 - 0.0050 00025

0.0100 7 7<0005< 0005 00 - 00050 0.0025

0.0026 7l 7|< 0002[< 0002[ 00 .0.0020| 00010

003T 0.005T

0.0034 7 7<0002 < 0.002 00 - 00020 00010

00075 6 6<0005< 0001 00 «0CAVB 0.0022

00033 6 6 < 0005 < 0.002 00 - 0.0025 0.0013

00024 6 6 < 0.002 < 0002 00 - 00020 0.0010

0.0067 7 7 <0005 < 0.001 0.0 -0.0w4 00022

0.0024 7 7< 0002 < 0002 00 - 00020 0.0010

03T 0.005 T
Tetrachfarpethvicne (ug/H
Mn  Norf Mil | Mu Rangi Mon
Saniplts ~ Stispla wah<« ofMan Wa<B

IfiloD 300 hilfLOD hit! LOD
03557 7 7 <0100 < 0050 00000 - 00929 0 0464
0.416? 6 OUO < 0050 00183 - 00933 00558
06200 5 4 0.170 < 0.050 00340 - 01040 00690
0.57<0 5 3 1500 < 0.060 0.3260 - 0 3780 0 3520
05310 5 3 0620 < 0070 01380-0 1980 0 1680

* 21 I\< 0100|< 0100 00000- 0 10001 00500

. . * * * . «
07260 5 4 3530< ©o=© 07060 - 07760 0 7410

» * » . . . .

. * * * . * .

* . . . * * .

* t | .

JoTr 0T

03300 5 5< 0.100 < 0050 00000 - 00900 0.0450
. . . * . * .

03300 4 2 0110 < 0080 00475 - 00975 00725

04000 4 3 0.120 < 0050 0.0300 - 00925 09613
. * * * . »

0.3300 5 4 0120 < 0050 00240 - 00940 00590
10T 10T

Range of mean is calculated by latcng the les* thanlvalues as equal to zero for the lower value and m equal lo the LOD for the hither raha (tee section 34 2)
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APPENDIX 3

Quality of the Humber Estuary 1994

Sites Used in Load Calculations

Included in Humber Routine Survey and Parcom/AlA:

Rivers Sewage
Ancholme Pyewipe
Aire @ Beal Hull East
Derwent @ Loftsome Bridge Hull West

Ouse @ Nabum Weir
Don @ North Bridge
Wharfe @ Tadcaster

Included in Humber Routine Survey but not in Parcom/Al A:

Rivers Sewage
Idle @ Misterton Sandall
Bottesford Beck @ Snake Plantation Thorne
Three Rivers @ Keadby

Hull @ Drypool

Included in Parcom/AlA but not in Humber Routine Survey:

Rivers Sewage

Idle @ Bawtry Cleethorpes

Hull @ Hempholme Lock Immingham
Louth
Beverley
Goole
Selby

71

Trade

Ciba Geigy
Courtaulds
Hydro Fertilisers
MTM @ Barton
SCM Chemicals
Tioxide UK
Britag

British Aerospace
Croda (Goole)
Haarmann & Reimer
BP Chemicals

Industry

British Steel

Keadby Power Station
Pilkingions

Rigid Paper Products

BOCM Olympia Mills
Doverstrand

Harlow Chemicals

Industry
British Sugar
Hazelwood
Capper Pass






Quality o f the Humber Estuary 1994

Biological JVloriitoring Working Party Score:;

Following the disappointing results of the 1970 biological classification of rivers, a Biological Monitoring Working Party
(BMWP) was set up to recommend a biological classification of river water quality for use in national river pollution
surveys. This finally recommended a classification of “...the biological condition of rivers based on a score system.”
Economic constraints, in terms of resources available for such surveys, dictated that the system should be simple,
necessitating a compromise between ecological validity and logistic feasibility. The simple system resulting should,
however, satisfy the not-very-demanding requirements of a broad classification system. More ecologically exacting
systems can still be used for specific purposes.

The BMWP Score is the sum of the points attributed to different invertebrate families according to their degree of
tolerance to organic pollution. Erring on the safe-side, the most tolerant species within each family is used in allocating
the points. Each family occurring in a sample is scored only once - no matter how many species are represented.

The Average Score Per Taxon (ASPT) allows comparison between different sampling sites where the varying numbers of
organisms may give considerably different BMWP Scores.

FAMILIES SCORE
Siphlonuridae; Heptagenidae; Leptophiebiidae; Ephemerellidae; Potamanthidae

Ephemeridae

Taeniopterygidae; Leuclridae; CapniicLae; Perlodidae; Periidac; Chloroperlidae 10
Aphelocheiiidae

Phryganeidae; Molannidae; Bcracidae; Odontoccridae; Leptoceridae; Gocridae; Lepidostomatidae;
Brachvcentridac; Sericostomatidae

Aslacidae

Lestidac; Agriidac; Gomphidae; Cordulegasteridae; Aeshnidne; Corduliidae; Libellulidae 8
Psychomyiidae (Ecnomidac)

Philopotamidac

Caenidae

Nemouridae 7
Rhyacophilidac (Glossosomatidae); Polvcentropodidae; Limnephilidae

Nentidae; Viviparidac; Ancylidae (Acroloxidae)

Hydroplilidae

Unionidae 6
Corophiidae; Gammaridac (Crangonyetidae)'

Platycnemididae; Coenagriidae

Mesovelidae; Hydromelridae; Gerridae; Nepidae; Naucoridae; Notonectidae; Pleidae, Corixidae

Haliplidae; Hygrobiidae; Dytiscidac (Noteridae)

Gyrinidae

Hvdrophilidae (Hydraenidne) 5
Clambtdae; Scirtidae;' Drvopidae, Elimidae; Chrysomelidae; Curculionidae

Hydrophsychidae

Tipulidac; Simuliidae

Planariidac (Dugesiidae); Dendrococlidae

Baetidae

Sialidae 4
Piscicolidae

Valvatidae; Hydrobiidae (Bithyniidae); Lymnaeidae; Physidae; Planorbidae; Spaeridae

Glossiphoniidae, Hirudinidae; Erpobdellidae 3
Asellidae

Chironomidae 2
Oligochaeta (whole class) 1
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APPENDIX5
Results of Humber Routine Survey:
Tidal Rivers Biological Sampling

TAXA AIRE DON WHARFE HULL HU1J. OUSE OUSE QOUSE
Siuilh Thome Bridge R)thcr Bcvcriey Sutton Rd Br C«wood Dux Saluiunh

Msv Oct Oct Aur Nov Mav Nov Oct AB Mar AUft Mar Aufl

[TATWORMS

PImartdac - - - 5 -. - - - .

Pofy'cths larva - - - 6 - - -

[Xigenidit - - - 3 - 3 - -

Dendrocodidie - - - - . - -

ROUNDWORMS

Scmijloda - . - 2 - . - * -

SNAILS

Thradatuifthmatitii - - 40 37

Potamopyrgusjtnhntt - - 9 1935

Bithvnia tmtaculaia - - 2

Limnaea ptrtgra - . - 2

Physafintinalis - - -

PUnorbndae - . -

Ancylusfluviatilis - - 22 . - 1

minc\lus lacustris - - - 3 - -

BIVALVES

Spaeradae 1 - 32 175 137 - -

Pitidtum sp. - - - - 24 - 1 -

VWQRMS

DUGOCHAETA 64 - 12 408 403 29 434 3

Tibificidac - - - -

Tubifex tubtftx 3 - -

Tubifex.Potamothrix (mdet.) 9 * 7

Tubifex costatus - - - - 230

Psammorvctes barbaivs - - 2 -

Limnadrilus dapartdaanusa 5 - 3

L hoffmeistcn 21 - 15 -

L crt-i-a 5 - 1 -

LuJekemianus 1 - 15 - -

L. profundicolo 1 - - -

LtmntxInluttPotamothrix (indcl.) 52 - ] -

Potamolhrix hammonltnsis - - - -

P. maldarrcnsu - - - *

IJEECHES

Glossiphonia complanata . - i

iMobdet(a stagnalis - -

Erpotxfelbdae - S 14

Erpobdella octoculata 3 -

E testacea - -

CRUSTACEANS

isellm aquation 1 21 - 7 4

Gammarus zaddachi - 62 1600 39 704 667 508 53 17

Pdaeomcmetes wham -

Daphniidae 38

iirirllaarmata - - - - 1

VIAYFUES

Caenis iuctuasa - - - 1 - - -

STONmDIS

7armopten-x nebulosa - - - 3 - - - -

BUGS

Clorixidae 1

DtETIXS

FUliplidic - - 5 - -

Dytincidjc . - 1 -

Elmit aenea - - 17 51 -

Limnius volkmari - . 10 13

Oulimnius sp. - - 1 19 -

CADDIS FUE5

lImncphilidae - - - 1 5 - - -

Hrach\tentrus tubnuhilis - - - 1 - * .

o e
'

w R w

e o
N WS

Wecronala ip. - - - . 1 . .

Chironomidae - 1 . - . 75 4 i

Simuliidae

Limnophora sp. -

Pnchcptera sp. -

[IMUT SCORE 7 3 13 45 83 55 31 15 3 14
No. scorma taxa 3 2 4 10 18 14 9 5 3 2 2

ASPT 2.33 150 325 450 461 3.93 3.44 3.00 433 400 350 4.66
Total tua 4 4 4 12 22 14 9 6 4 2 2 6
Total no. individuals 106 4 184 16154 2747 1387 742 955 339 8 12 23
UtoiogK*] ctaxsilication B3- 134 B3- B2- BIB B2 B3* B3 B3- B3- B3-
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APPENDIX 6
Results of Humber Routine Survey: e
North Bank Intertidal Biological Sampling

Low Shore Mid Shore
SITE NI N3 N4 N5 N6 N1 N? N3 N4 N5 N6 N7 N8 N9 N10 Nil N12
TAXA (Nro. per ig m)
UStmttua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0
HXematoda 48 24 71 24 143 24 - 214 0 48 119 4284 4546 27156 405 1214 714 690
ParotLiis litoralu 48 0 0 0 0 857 14804 24 0 71 0 0 0 0 0 0 0
Tub(fia cailani 24 95 0 24 0 428 7568 1476 0 48 0 0 0 0 0 0 0
Tubificadtt btntdii <0 0 0 0 357 24 0 0 0 119 3897 23657 50075 714 8901 24 0
Tubff/crjides tndet 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0
Lumbhcuhdat 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 0 0
Enehylraeida* 0 0 0 0 0 0 48 s 0 0 60 0 24 0 0 0 0
Oligochaete *p. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Syhuiit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 95
Ntrtu drvtrsicolor 0 0 0 119 0 48 0 928 48 309 684 762 300 214 3641 238 0
:Nrrtu hombrrgii 0 0 0 0 0 0 0 0 0 0 0 0 95 452 24 405 7
:Stphlyt ktnrvalemu 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 24
Eleomt lonza'fktva gp 0 0 0 0 24 0 0 0 0 0 30 643 2689 738 1190 428 24
Pygcapio elegans 0 24 0 0 0 0 0 0 0 0 0 357 2190 12495 238 8568 95
Spto decorabt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 48
Slreblotpiu ichrubsolii 0 48 48 0 0 0 0 24 0 71 60 0 143 0 119 24 0
Spioimd indtt 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 0 0
Thoryxsp. 0 0 0 0 0 0 0 0 0 0 0 -0 24 0 190 48 0
Siediomastisfragila 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0 0 0
CiipilelL) capltola 0 0 0 0 0 0 0 0 0 0 0 0 119 0 0 0 0
ifanjyunha atstnanna 0 0 0 0 0 0 0 0 0 0 @ 0 0 0 0 0 0
Poiychaete indet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 333
Hydrobia ubot 0 0 0 0 0 0 0 0 0 0 0 500 952 1023 143 405 143
Return obtuta 0 0 0 0 0 0 0 0 0 0 0 0 0 785 95 357 0
Cerasinderma tdule 0 0 0 0 0 0 0 0 0 0 0 0 0 357 48 405 24
Mecttma Mthica 0 0 0 0 476 24 0 0 0 24 3392 9520 1+613 8044 3475 5022 0
Myttlus edvlu 0 0 0 0 0 0 0 0 0 0 0 0 0 48 0 0 0
Bn-akte mdet 0 a 0 0 0 0 0 0 0 0 0 0 0 0 24 0 0
Bathyportia pilota 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24
Coraphmm vohiuaor 0 0 7 24 762 71 95 1023 190 48 35432 0 0 643 262 0 0
Tanatssus hUjeborgt 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 n
Amphipoda indet 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 48
Carciimt maenusJuv. 0 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0
kOifracorfj 0 0 0 0 0 0 0 0 0 0 0 ti 0 0 0 0 119
HCollrmbola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HCopepcla 0 0 0 0 0 0 0 0 0 0 0 0 119 0 0 405 24
TOTAL 120 190 190 190 1761 1476 22800 3546 286 809 47897 39984 98771 26013 19588 17041 1833
No. liu 3 4 3 4 5 7 6 6 3 8 9 7 16 13 15 13 15
« average hascd on 4 com only
TO'IAJ. 72 167 119 167 1619 1452 22586 3546 238 690 43615 35439 71496 25608 18350 15924 1000
No. tau 2 3 2 3 4 6 5 6 2 7 8 6 14 12 13 jik 1n
excluding *

:included as one taxa
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Mid Shore

Low Shore

S7 SS S9 S10

S6

Sl S2 S3 S4

S9

S3 S4 SS S7

S2

sfte

SPECKS (No. pei 5tores

* 10core*uS9 S1SI0)

bemirua spp.

14

14

Anjihdes mucosa

Eteane longa
Avloiytuj ip.

10

36

17

44

Nereis dnvrsicotor
Nereis spp. juv.

o

IS

17

16

Sephft's hombtrgii
Nephtys cirrasa

Nephtys spp. jwy.

Sphatmdoropsis minuta

Gtycera sp.

Scuiopias armiger

ParaonisJulgefis
Spio martinensis

Polydora spp.

31

. 167

160 308 14

25

83

17

27

Pygaapio elegans

26

Spiophanes bombyi

140

32

16

14

Strtblvspio schrubsolii

Th”ryx spp.

58

Capilclfa capital#
Afcmaria romijni

Manayunkta aestuarina
Paranais htoralis
Enchytraetdae

17

14

10

43

Tubifex costatus

1S

924

TubificaJes bentdii
Tubificoides

20

svirencoides

Tubificidaejuv.

Ponlocrates sp.
Haustoriiis sp.
Urothoe sp.

30

38

12

Bathyporeia spp.

Gammarus spp.

353 328 779

182

22

892

Carophium mlutator
Eun'dice pulchra

Cyathura carinaUi
Tanaidacac sp.

~N o

Cumaceasp. ¢
Crangon sp.

™o

Hydrobia ithae
Mytilidaejuv.

Cerastodermajirv.

12
18

0

SItkOma bahhicd ‘adult'
jMacoina balthica 'juy. '
Scrobicvtana plana

Ensis 'spat’

12

309

41

27

Kiys sp.jvv.
TOTAJ.

S0 1079 62 150 123 74 24 393 432 391 1869 385 354 433 97

IS

13

un

17

No. Taxa
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;; Results of Humber Routine? Survey:i

sFisli Sfompiii% ; ~ »

81

Table A8.1  Fish Distribution in Humber Survey September 1994
Species Whitton ~ Read’s  Humber  Hessle Skitter Pauli Halton Burcoi  Shoal Hawkin *» Point
island Bridge Flat A B A B
Sprai Sprartus spraltus
Herring Clupea harem&is 11 13
Eel Anguilla anguilla 19
Nilsson's pipefish Svngnathus rostellants 12
Whiting AferLmguii merlangus 13
5-B. Rockhng Cilialamuslela 0.8
Sand eel Ammodvtes tobianus 12
Lesser weever \Jrochinns viptra
Sand goby Pomaloschistus minutus 19 55 31 279 0.9 2.2 23 14 7.9 24
Dngonet Callionvmus fora
PORIC Azorms cataphractus
Sea snail Lipatis hparis 20.6 14 3.9
3-sp. stickleback Casterosteus oculeatus 13
Dab Limanda limanda
Flounder Ptatichthysflesta 13 12
Plaice Pkuronectes platessa 13 24
Dover sole Solea solea 37 9.8 85 14 6.5 13
Number of species per irawl 1.0 2.0 1.0 10 2,0 4.0 3.0 3.0 3.0 6.0 5.0
Abundance per 1000 sq m 19 6.4 31 279 46 33.7 11.6 4.2 11.7 14.4 84
Species Grimsbhy Middle Clee Ness BuU Sand Fort Spum fink Sand
A B A B A B A B C
Sprat Sprattus spraltus 10 25
Herring Ctupea fiarcnyus , 14
Eel Anguilla anguilla
Nilsson’s pipefish Syngnathus rostellanis 25
Whiting Merlanguis merlangus 14 75
5-B. Rockling Cihata mustela
Sand eel Ammcxhlcs tobianus 0.7 13
Lesser weever Trachinus vipera 14 8.8 71 75
Sand goby Po/nalcxchistus mirmtus 3.4 6.1 75 15.7 443 12.6 56.3 74.3 225
Dragonet Callionvmus fora 29
Pogjje Agomis calaphractus 13 25
Sea snail Liparis liparis 0.7 6.5 52 13 2.9 13
3-sp. stickleback Gasterosreus aculeatus
Dab Limanda limanda 0.7 14 13 10.0 2.9 175
Flounder Platichthvs flesus 13 13
Plaice Pleuronecles platessa 8.8 23.8 50.0 75
Dover sole Solea solea 131 2.6 13 43 63
Number ol species per trawl 4.0 20 3.0 3.0 20 3.0 6.0 7.0 9.0 8.0
Abundance per 1000 sq m 55 71 271 235 45.6 14 165 104.0 147.2 72.6
Table A8.2  Pushnet Results from Humber Survey September 1989 - 1994
C1.EETHORPES SPURN POINT
Species 1989 1990 1991 1992 1993 1994 1989 1990 1991 1992 1993 1994
.Sprat' Spratlus spraltus 19
Hemng Clupea harengus 29 10 19 10 10
Nilwin’i pipefish Syngnathus rastclkihis 2.0 4.0 1.0 105 19
Whiting Aferlanguis merlanxus 1.0
Sand eel Ammath'tes lohianus 10 11 10 19 5.7
Lesser weevcr Trachinus vipera 19 19 19 19 29 10 3.8
Sand goby Pomalaschistus minutus 8.0 168.0 82.9 108.6 105 74.3 30 29 4.8 21.9 43.8
Common goby P. microps 5.0 10 48.6 2.9
Tabued gobv P. pictus 10
Turbot Scnphthalmus maximus 10 29 4.8 9.0 180 11.4 3.8 1.0 7.6
BriD S. rhombus 19 19 38 1.0 1,0 1.9
Dab Limanda hmanda 1.0 10 10
Flounder Piatichthvs flestts 10
Plaice Pleuronecles platessa 111.0 250.0 333 99.0 46.7 314 22.0 410 34.3 46.7 438 59.0
Dover sole Solea solea 124 19 2.9 1.0
Number of species per trawl 4.0 5.0 8.0 10 7.0 4.0 2.0 6.0 7.0 7.0 7.0 6.0
Abundance per 1000 sq m 122.0 428.0 129.0 276.0 79.2 109.5 31.0 65.0 57.0 66.0 745 117.1
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APPENDIX
CEVVP Scheme for Classifying Estuaries

DESCRIPTION Points awarded if
the estuary meets
this description
Biological Quality (scores under a, b, ¢ and d to be summed)

a)  Allows the passage to and from freshwater of all the relevant species of 2
migratory fish, when this is not prevented by physical barriers

b)  Supports a resident fish population which is broadly consistent with the 2
physical and hydrographical conditions

c)  Supports a benthic community which is broadly consistent with the 2
physical and hydrographical conditions

d)  Absence of substantially elevated levels in the biota of persistent, toxic or 4
tainting substances from whatever source

Maximum number of points 10

Aesthetic Quality

a) Estuaries or zones of estuaries that either do not receive a significant 10

polluting input or which receive inputs that do not cause significant
aesthetic pollution

b)  Estuaries or zones of estuaries that receive inputs which cause a certain 6
amount o f pollution but do not seriously interfere with estuary usage

c)  Estuaries or zones of estuaries that receive inputs which result in 3
aesthetic pollution sufficiently serious to affect estuary usage

d) Estuaries or zones of estuaries that receive inputs which cause 0

widespread public nuisance
Water Quality (score according to quality)
Dissolved oxygen exceeds the following saturation levels:

60% 10
40% ' 6
30% 5
20% 4
10% 3
below 10% 0

The points awarded under each of the headings (biological quality, aesthetic quality, water quality)
are summed. Waters are classified on the following scales:

Class A Good Quality 24 to 30 points
Class B Fair Quality 16 to 23 points
Class C Poor Quality 9 to 15 points

Class D Bad Quality 0 to 8 points



