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Summary
The Environment Agency made Relevant Representations to the proposal by
Triton Knoll Offshore Wind Farm Ltd to construct the electrical system to
connect the consented offshore array to the substation at Bicker Fen.
We have continued to work with the Applicant in respect of the issues of
concern raised in our Relevant Representations dated 10 July 2015. The
purpose of these Written Representations is to provide an update on the our
Relevant Representations and provide further information where appropriate.
There remain outstanding areas of concern in respect of:
•

groundwater and aquifer protection where horizontal directional drilling
is undertaken and should any contamination be encountered during
onshore cable laying works;

•

compliance with the Bathing Water Directive should cable burial works,
which have the potential to increase bacteria into seawater through
disturbed sediments, be undertaken during the bathing water season of
15 May to 30 September; and

•

compulsory acquisition of Environment Agency land interests and the
imposition of restrictive covenants, which will prevent us from carrying
out flood defence maintenance works to sea defences and various
watercourses.

The following issues have now been resolved:
•

Our request to amend Requirement 9 is now withdrawn as further
information has been provided to us in respect of bunding walls and we
are satisfied that there is no potential increase in flood risk to third
parties from these.

•

The details of a UK Spill accredited contractor will be added into the
final Pollution Prevention and Emergency Incident Response Plan,
resolving our concern regarding pollution and protection of
waterbodies.

•

The Applicant has committed to amending Requirement 14 to ensure
the use of non-trenchless techniques for all main river crossings is
explicit.

We are continuing to discuss the disapplication of some legislative provisions,
subject to the inclusion of agreed Protective Provisions, which may be
included in the Development Consent Order granted by the Secretary of
State.
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1.0

Introduction

1.1

The Environment Agency is an executive non-departmental public body
established under the Environment Act 1995. It is an adviser to
Government with principal aims to protect and improve the
environment, and to promote sustainable development. It plays a
central role in delivering the environmental priorities of central
government through its functions and roles. It is also an adviser to local
decision makers in its role as a statutory consultee in respect of
particular types of development, as listed in Schedule 4 of the
Development Management Procedure Order 2015. For the purposes
of this Development Consent Order (DCO) application, it is a statutory
consultee and an interested party.

1.2

The Environment Agency takes action to conserve and secure proper
use of water resources, preserve and improve the quality of rivers,
estuaries and coastal waters and groundwaters through pollution
control powers and regulating discharge consents. We have regulatory
powers in respect of waste management and remediation of
contaminated land designated as special sites. We also encourage
remediation of land contamination through the planning process.

1.3

The Environment Agency is the principal flood risk management
operating authority. It has the power (but not a legal obligation) to
manage flood risk from designated main rivers and the sea. The
Environment Agency is also responsible for increasing public
awareness of flood risk, flood forecasting and warning and has a
general supervisory duty for flood risk management. As of 2008 the
Environment Agency also has a strategic overview role for all flood and
coastal erosion risk management.

1.4

The Environment Agency is the competent authority for England for the
purposes of the Water Framework Directive, in conjunction with (as
necessary) the Secretary of State (for DEFRA). Regulation 3(1) of
The Water Environment (Water Framework Directive)(England and
Wales) Regulations 2003 requires that the Secretary of State and the
Environment Agency must exercise their relevant functions so as to
secure compliance with the requirements of the Directive.

1.5

The Environment Agency also has statutory duties under the
Environment Act 1995 (s6) to generally promote the conservation of
fauna which are dependent on an aquatic environment to the extent it
considers desirable and to ‘maintain, improve and develop’ salmon
fisheries, trout fisheries, freshwater fisheries and eel fisheries in
England.

1.6

We also issue Environmental Permits under the Environmental
Permitting (England and Wales) Regulations 2010, which covers water
discharge consenting, groundwater authorisations, radioactive
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substances regulation authorisations and waste permitting activities.
1.7

On 10 July 2015 the Environment Agency made Relevant
Representations to the proposal by Triton Knoll Offshore Wind Farm
Ltd (the Applicant) to construct the electrical system (the Project) to
connect the consented Triton Knoll Offshore Wind Farm offshore array
to the existing National Grid substation at Bicker Fen, Boston. The
purpose of these Written Representations is to provide an update on
the summaries contained in our Relevant Representations.

2.0

Geology, Hydrogeology & Ground Conditions (ES Volume 3,
Chapter 6 & associated Annexes)
In Section 5 of our Relevant Representation, we raised a concern
regarding the depth of crossings made using horizontal directional
drilling (HDD) methods with respect to protecting underlying
groundwater and Chalk aquifers. Also, how any unidentified
contamination would be dealt with. We have continued to discuss our
request for an additional Requirement to be added into Schedule 1,
Part 3 with the Applicant to address these concerns, but this has not
yet been agreed.

2.1

2.2

Our request for this additional Requirement is borne out of concern that
although there is reference in various documents that further
consultation and agreement on construction methods will be
undertaken with the Environment Agency, there is uncertainty in the
way this is written. For example, Environment Statement, Volume 3,
Chapter 6, Table 6-7, the Outline Construction Method Statement,
paragraph 5.4 and the Mitigation Strategy ref. 6.4 all state that “The
cable and HDD/microbore/pipe-jacking sections when located above
Chalk strata will be positioned so as not to intersect with that strata and
the principal aquifer and provide preferential migration pathways for
contaminants. The detailed methodology of the construction techniques
to be addressed and agreed with the EA and Local Planning Authority
(LPA) and the necessary consents obtained, if required” (emphasis
added). Requirement 14 (Code of Construction Practice) states that
“The code of construction practice must, where relevant, cover all the
matters set out in the outline code of construction practice..........” and
then goes onto specify what must be included i.e. “(a) Construction
method statements, including methods.......for the crossing of
watercourses”

2.3

It is the uncertainty in the use of words such as ‘if required’ and ‘where
relevant’ and the fact that DCO Requirement 14 only specifies ‘for the
crossing of watercourses’, which causes us concern. The Environment
Agency applies a risk-based approach to such issues and would
expect the Applicant to provide us with a summary of each ground
investigation conducted. If the conclusions are that the risks are
minimal and no contamination was encountered then a short summary
and risk assessment would suffice. For the higher risk sites, i.e. where
the HDD depth approaches the Chalk aquifer or contamination is
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encountered, a full Hydrogeological Risk Assessment should be
provided.
2.4

It is also our opinion that specific Requirements are necessary to
ensure we will be consulted on construction methods in the higher risk
scenarios, and on any scheme to deal with unexpected contamination,
should this be encountered. Although the procedure that the Applicant
will follow is set out in the Construction Environment Management
Plan, we would not get an opportunity to approve the specific
remediation scheme, in advance, through this plan. In addition to this
the definition of ‘commencement’ under Article 2 allows for ‘remedial
work in respect of any contamination’ to commence in advance of
approval of the scheme.

2.5

In our Relevant Representation (paragraph 5.2) we suggested wording
for a Requirement to cover the issues outlined above. However, in
order to avoid any confusion in respect of the two issues we would like
to amend the Requirement wording to separate out the issue of
unexpected contamination from the need for ground investigations/risk
assessments at the HDD crossings. We, therefore, now request the
addition of two Requirements to read:
Requirement
(1) If, during any stage of the development, contamination not
previously identified is found to be present at the site then no further
development of that stage shall be carried out until a written scheme to
deal with the associated risks has been submitted to, and approved by,
the local planning authority in consultation with the Environment
Agency.
(2) The scheme must include an investigation and assessment report,
prepared by a specialist consultant approved by the local planning
authority, to identify the extent of any contamination and the remedial
measures to be taken for that stage to render the land fit for its
intended purpose, together with a management plan which sets out
long-term measures with respect to any contaminants remaining on the
site.
(3) No remedial work constituting a material operation in respect of
contamination of any land, including groundwater within the Order
limits is to be carried out until the scheme has been approved.
(4) Remediation must be carried out in accordance with the approved
scheme.
Requirement
No stage of the onshore works that involves the use of horizontal
directional drilling (HDD) operations shall take place until a written
scheme to deal with the associated risks has been submitted to and
approved by the relevant planning authority, in consultation with the
Environment Agency. In locations where it can be demonstrated that
there is no risk to the underlying groundwater and no contamination
has been found to be present, a ground investigation summary will be
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acceptable. Where the HDD depth approaches the Chalk aquifer or
contamination is present, a hydrogeological risk assessment will need
to be submitted to demonstrate that such operations will not cause an
unacceptable risk to groundwater. HDD operations shall be carried out
in accordance with the approved scheme.
Reasons
To ensure the risk of pollution to controlled waters is minimised and
any adverse effects on the water environment are mitigated in line with
paragraph 5.15.7 of the National Policy Statement for Energy (EN-1).
2.6

Similar Requirements have been included in the Hornsea Project 1
DCO and the draft DCO for Hornsea Project 2.

3.0

Hydrology & Flood Risk (ES Volume 3, Chapter 7 & associated
Annexes)
Following discussions with the Applicant, it has been agreed that the
Environment Agency will no longer be a consultee to Requirement 10,
in respect of the detailed design of the surface water drainage scheme,
as this duty has now passed to the lead local flood authority. Further
detail on this is provided in paragraph 2.14 of our Statement of
Common Ground.

3.1

4.0
4.1

Water Framework Directive (EA Volume 5, Annex 7.2)
The Applicant has confirmed to us that there will be no physical
disruption to waterbodies, which includes groundwater bodies.
Accordingly, we can confirm that providing the recommended pollution
prevention measures are implemented we agree with the WFD
assessment conclusions that the project should have no non-temporary
impact on waterbody status.

5.0

Outline Code of Construction Practice (Document 8.7) & the
Bathing Water Directive
We have continued to discuss the potential for the offshore/intertidal
cable laying works to impact on bathing water quality. This matter is
still under discussion and further detail on this is provided below.

5.1

5.2

We believe that the landfall works at Anderby described in the Outline
Code of Construction Practice, and also in more detail in the
Environmental Statement (ES Volume 2, Chapter 2), have the potential
to increase bacteria levels in coastal waters. The cable laying works
will disturb sediments, which may be harbouring bacteria leading to its
release into the surrounding water. This could impact on the bathing
water classification for the bathing beaches at Anderby and Moggs
Eye, which are currently classified as ‘excellent’.

5.3

Sediment is widely reported in academic literature (See Appendix 1 Persistence of Escherichia Coli in recreational coastal water and
sediment) to have the potential to act as a reservoir for bacteria such
as Escherichia coli and intestinal enterococci, the parameters
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measured under the Bathing Water Directive. Sediment disturbance,
by the cable laying works, would have the potential to adversely affect
bathing waters by mobilising these bacteria into the water.
5.4

Bathing water quality is assessed using a rolling four-year sampling
period. This is published at the end of each year and reported to the
European Commission. The assessment process is based on the
Bathing Water Directive, which was fully implemented into English law
on the 24 March 2015. It replaces the old 1976 directive and
regulations. Its provisions are being phased in and the more stringent
standards were introduced in 2015.

5.5

There are four classifications for bathing waters; Excellent, Good,
Sufficient and Poor and these are determined through the analysis of
concentrations of Escherichia coli (EC) or Intestinal enterococci (IE).

5.6

The Environment Agency currently undertakes bathing water quality
sampling for the Moggs Eye bathing beach (at grid reference TF54912
77671) and the Anderby bathing beach (at grid reference TF55434
76244) – see plan attached as Appendix 2. Both these bathing
beaches are currently designated as having ‘excellent’ water quality
status based on the previous 4 years of water quality monitoring data
(both beaches were originally designated in 1988 and have been
classified as ‘excellent’ for many years).

5.7

In order to ensure this ‘excellent’ status is not impacted, we request the
imposition of a requirement to secure a risk assessment be undertaken
by the Applicant should the works occur during the bathing water
season, as follows:
Requirement
Works Nos. 2 and 3 shall not be undertaken between 15 May and 30
September in any year unless a scheme to protect the current Bathing
Water Directive status has been submitted to and approved by the
relevant planning authority, following consultation with the Environment
Agency. The scheme must include:
(1)
An assessment of the impact of any works in the intertidal area
(with a particular focus on the potential bacti issues that may be caused
by disturbed sediment) which will be undertaken in the bathing water
season of 15 May to 30 September.
(2)
Identification of measures to mitigate any identified risks to
ensure the current Bathing Water Directive status is not impacted.
Reason
To ensure the current Bathing Waters Directive status is not negatively
impacted as a result of the intertidal works.

5.8

We would expect the mitigation scheme to be submitted to include
measures which could be implemented to minimise the disturbance of
sediments. It could also include continuous monitoring of suspended
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sediments when works are being undertaken with a view to suspending
works should a pre-agreed limit be reached. It could also include trial
works undertaken outside of the bathing water season to determine the
likely level of sediment disturbance and its effect on water quality.
5.9

Ideally, the cable laying works in this area would be undertaken outside
of the bathing water season. It has been difficult to ascertain from the
submitted application how long the cable laying/landfall works will take.
It is noted from the Offshore Project Description (Document Reference:
6.2.2.1) that works could commence in 2018, taking 12 months to
install, spread across a 2 year period. Table 1-1 says that various
landfall works will require the closure of the beach and we would
suggest discussing this with the beach operator who will need to
consider the interests of the bathers. If the beach is closed during the
works (and within the bathing water season), the Environment Agency
would cease water sampling and the classification of the bathing beach
would then be determined on the samples that are available during the
rolling four-year period.

6.0

Outline Pollution Prevention and Emergency Incident Response
Plan (document 8.7.8)
We recommended that this plan identifies details of one or more UK
Spill accredited pollution response contractors who the Applicant would
be able to contact in the event of a large scale incident. The Applicant
has agreed to reference the need to identify such contactors in an
amended Outline Plan, including a commitment to add further details of
these contactors into the final plans, where appropriate. They have
agreed to including the following wording in the plan: “Pollution
response contractors, accredited by the UK Spill Association (UKSpill),
shall be identified and named in the final PPEIRP, such that, in the
event of a large scale spill incident, one of the named contractors may
be contacted to assist with containment and clean-up.” This approach
is acceptable to the Environment Agency.

6.1

7.0
7.1

Draft Development Consent Order
Article 6 Application and modification of legislative provisions
The Applicant has requested the Environment Agency give consent
under Section 150 Planning Act 2008 to the disapplication of Section
109 Water Resources Act 1991 (works in rivers) and Byelaws made
under Schedule 25 of that Act. Although we have not yet given formal
consent, we can confirm that we have no objection in principle to the
inclusion of this article, subject to the agreement of suitable Protective
Provisions. We are continuing to discuss the detail of these Protective
Provisions and will update the Examining Authority in respect of this in
due course.

7.2

Requirement 9 – We have discussed our requested amendment to
Requirement 9 with the Applicant – the amendment would have
ensured that the Applicant submitted a flood risk assessment with any
proposal to include solid wall enclosures, which have the potential to
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divert and increase flood flows to third parties. The Applicant has
provided further explanation of the intended means of enclosure
around Works Nos 9A and 50A, which has addressed our concerns in
respect of the potential to increase flood risk to third parties. I can,
therefore, confirm that we withdraw our request to amend Requirement
9, outlined in paragraph 13.3 of our Relevant Representations.
7.3

Requirement 14 – The Applicant has agreed to include additional
wording to ensure that the use of non-trenchless techniques at main
river crossing is explicit in this Requirement. Subject to our review of the
amended wording in the final draft of the DCO, this issue is now
resolved.

8.0
8.1

Protection of Environment Agency land interests
The Environment Agency’s Estates Department has been liaising with
the Applicant’s Land Agents, Ardent Management Ltd on this issue.
We received revised Heads of Terms on 10 September 2015 and have
passed these to Fisher German, who have been employed to work on
behalf of the Environment Agency on this issue. The Heads of Terms
outline terms for a 5 year Option Agreement for a Deed of Grant of
Easement required for the installation, operation, maintenance, repair
and decommissioning of the Electrical Apparatus and access for
construction on areas shaded pink on the Land Plans, with additional
access over land coloured yellow. We will update the Examining
Authority on negotiations regarding this at the appropriate time.

8.2

The Environment Agency is a statutory undertaker within the meaning
at s.127(8)(a) of the Planning Act 2008. Section 165 of the Water
Resources Act 1991 (as amended) sets out its powers to carry out
flood defence and drainage works (to the extent that it has a power and
not a duty). The Environment Agency has interests in 30 plots of land
within the Order limits, which the Applicant wishes to acquire rights
over as follows:
Description
Lymn Bank
East Fen Catchwater Drain &
West Fen Catchwater Drain
River Witham strip
Skerth Drain
near South Forty Foot Drain
Acquisition for substation road
(near South Forty Foot Drain)
new rights (near South Forty Foot
Drain)
Key:

Plot numbers
18/16, 18/17, 18/18
29/06, 29/07, 29/08, 30/02, 30/04,
30/05, 30/06, 30/07, 30/08, 30/09,
30/10, 30/12
37/22
42/02, 42/03, 42/04, 42/05, 42/06
43/10, 43/11, 43/13, 43/14, 43/15
45/18, 45/19
45/20, 45/22

Plots to which restrictive covenants in Schedule 5 will apply
Plots where compulsory acquisition applies
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8.3

Schedule 5 of the DCO details the purpose for which rights may be
acquired and seeks to place restrictive covenants over various plots
(those where we have a land interest are highlighted above – others
are listed in paragraph 8.5 below) of land for the benefit of the
remainder of the Order, which we object to. Of concern to the
Environment Agency are the restrictive covenants to:
(a) prevent anything being done in or upon the Order land or any part
thereof for the purpose of the erection of any buildings or construction
erection or works of any kind (including the foundations or footings
thereto);
(b) prevent anything to be done by way of hard surfacing of the Order
land with concrete of any kind or with any other material or surface
whatsoever without the consent in writing of the undertaker (such
consent not to be unreasonably withheld or delayed if the proposed
surfacing would not cause damage to the relevant part of the
authorised project nor make it materially more difficult or expensive to
maintain the authorised project);
(c) prevent anything to be done by way of excavation of any kind or
agricultural practices (including but not limited to ploughing) exceeding
0.6 metres in depth in the Order land or any activities which increase or
decrease ground cover or soil levels in any manner whatsoever without
the consent in writing of the undertaker save as are reasonably
required to be carried out by National Grid in order to exercise their
rights in relation to their apparatus within the Order land;
(e) prevent anything being done in or upon the Order land or any part
thereof which shall or may interfere with the exercise of the other rights
set out in this Schedule 5 or the use of the authorised project or in any
way render the authorised project or any part thereof in breach of any
statute or regulation for the time being in force and applicable thereto.

8.4

The imposition of such restrictive covenants (particularly covenants a, b
and c) will seriously impede the Environment Agency in carrying out its
duties as a statutory undertaker. These restrictive covenants would
prevent us from carrying out any general repair and maintenance
activities, such as grass cutting, weed control and vermin control etc on
flood defences. Works are often necessary to repair defects caused by
wildlife burrowing or slippage during heavy rainfall etc and more
significant works could be needed should breaches of defences occur.
Restrictive covenants which prevent us undertaking such work could
have serious consequences, reducing the standard of flood protection
for surrounding properties and occupants. The DCO does not time limit
the rights in Schedule 5, despite the time limited nature of the project.

8.5

There are also other areas within the Order limits, where restrictive
covenants are to apply, which will affect the Environment Agency’s
ability to maintain defences under its permissive powers. These areas
include:
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•

Plots 01/01 and 01/02 at the landfall – this is land where we are not a
Category 1 or 2 owner but need access, and may need to carry out
maintenance and repair works, to the sea defences. The tidal flood
plain currently extends 20km inland and the low lying nature of the land
is reliant on the raised defence (sand dune) against the sea. We may
need to respond in the future to the increasing sea levels arising from
climate change with structures in this location. It is not acceptable that
our flood defence options be restricted by such a covenant.
• Plots 6/11 and 6/12 Willoughby High Drain – maintenance of the flood
defence (grass cutting, vermin control and repair), channel
maintenance (wee control, grass cutting), access to inspect, and
undertake repairs as may be required.
• Plots 16/05 – 16/09 Cowcroft Drain - maintenance of the flood defence
(grass cutting, vermin control and repair), channel maintenance (wee
control, grass cutting), access to inspect, and undertake repairs as may
be required.
8.6

In addition to this, the Applicant seeks to compulsorily acquire the
freehold title of plots 45/18, 45/19, and 45/22 (plots of land adjacent to
the South Forty Foot Drain) for the construction of the permanent
access road into the Substation. Article 14 of the DCO sets out the
acquisition powers, although neither this Article, nor anywhere else in
the DCO, appears to identify these plots of land specifically. We object
to the acquisition of this land, which will restrict our access to the Drain,
may impede our ability to maintain the Drain and the nature of the
works proposed by the Applicant could undermine the integrity of the
flood defence and restrict our ability to improve it in future years.
Consequently, in accordance with the Rule 8 letter, we request that a
compulsory acquisition hearing be held in order to examine the need
for this acquisition in more detail.

8.7

We are currently undertaking the Black Sluice Catchment Works
project, which is considering future flood risk management options for
the area around the South Forty Foot Drain. This project is considering
various options and any loss of assets or loss of access rights could
jeopardise the future flood risk management options being considered
under this project.

8.8

In addition to this, the Environment Agency is a partner to the Fens
Waterways Link Project, alongside various district councils, county
councils and waterways associations. This partnership project seeks to
develop a new navigation link to connect the cathedral cities of Lincoln,
Peterborough and Ely. Phase 2 of the project starts in Boston, ending
on the Great Ouse in Cambridgeshire. It will create 87km of extra
navigable waterways in the Fens. This project will look to improve
navigation on the South Forty Foot Drain, which could involve channel
improvement works (increasing its depth) and we would seek to ensure
that cable crossing works do not jeopardise the aspirations of this
project.
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We reserve the right to add to these representations; including requests for
DCO Requirements should further information be forthcoming during the
course of the examination on issues within our remit.
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Appendix 1
Persistence of Escherichia Coli in recreational coastal
water and sediment

PERSISTENCE OF ESCHERICHIA COLI IN RECREATIONAL COASTAL
WATER AND SEDIMENT
D.L. Craig, H.J. Fallowfield and N.J. Cromar*
Department of Environmental Health, Flinders University, GPO Box 2100, Adelaide 5001, AUSTRALIA
*
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ABSTRACT
A laboratory based microcosm study was undertaken to determine the persistence of the faecal indicator
organism Escherichia coli in coastal recreational water and sediment under varying environmental
conditions. Intact sediment cores were taken from three distinct coastal sites in the Adelaide metropolitan
area and the overlying water was inoculated with known concentrations of E. coli. The concentration of E.
coli in water and sediment was determined by the membrane filtration method on days 0, 1, 2, 7, 14, and 28
following inoculation. It was demonstrated that E. coli could persist in coastal sediment for greater than 28
days when incubated at 10°C. Temperature was found to have an inverse relationship with E. coli survival in
both water and sediment. In general the decay rate for E. coli was greater in water than in sediment. Small
particle size and high organic carbon content were also found to enhance E. coli survival in coastal
sediments.

KEYWORDS
Escherichia coli; recreational water; sediment; microcosm
INTRODUCTION
The use of the organism Escherichia coli as a faecal indicator organism is wide spread. It is assumed that E.
coli behaves similarly to other bacteria of faecal origin when released into the environment. Known
inadequacies exist for the use of E. coli as an indicator organism, but its widespread use continues in the
absence of any viable alternatives (Koh, et al 1994, Ferguson, et al 1996). Organisms released into coastal or
marine environments are exposed to numerous factors which cause stress including temperature change,
salinity, nutrient deficiencies, predation and sunlight (Davies, et al 1995, Özkanca and Flint 1997, Thomas,
et al 1999). Studies have indicated that microorganisms attached to suspended particles and sediment
contribute greater numbers than those in the surface waters under both environmental and laboratory
conditions (Shiaris, et al 1987, Davies, et al 1995, Crump and Baross 1996).
Microcosms of varying complexity have been used in numerous studies to investigate the survival of
microorganisms in both water and sediment (Gerba and McLeod 1976, Wagner-Döbler, et al 1992, Bordalo
1993, Davies, et al 1995, Brenner, et al 1999, Thomas, et al 1999). Unlike in-situ experiments, the use of
microcosms allow for investigation of specific environmental conditions. In this study a laboratory based
microcosm experiment was undertaken utilising intact sediment cores taken from three different coastal
areas. The decay rate of E. coli was determined in both overlying water and sediment from these microcosms
at a variety of different temperatures.
METHODOLOGY
Microcosm design
For each microcosm run, six intact sediment cores were collected from Henley Beach, Onkaparinga River
and Port Adelaide River in metropolitan South Australia which represented distinct coastal sites and
sediment types (Table 1). In addition to these, six cores were filled only with overlying water to act as a
control.
Perspex columns (70mm diameter, 310mm length) were inserted into sediment and overlying water at
respective sites to a depth of approximately 100mm. The top of the column was capped with a rubber bung
to aide the removal of the core from the sediment. The sediment core was kept in place by inserting a
combination of neoprene (5mm thick) and closed-cell foam (20mm thick) bungs into the bottom of the core.
This prevented the movement of both sediment and water from the column.

In the laboratory, the microcosms were placed in a water bath at constant temperature. The overlying water
was removed and replaced with 500mL of water from the Onkaparinga River to maintain a constant total
dissolved solids (TDS) concentration between different sediment types. This removed the potential influence
of changes of salinity in overlying water caused by tidal changes at the different sites. The mean TDS
concentrations were 27,766 ± 805 mg/L, 28,663 ± 1889 mg/L and 23450 ± 929 mg/L for the experiments
run at 10°C, 20°C and 30°C respectively. Water pH (HACH Ltd) and conductivity (Hanna) were measured
with hand held meters when microcosms were sampled.
Inoculation of microcosms
Microcosms were inoculated by adding 50µL of stock E. coli (ATCC 25922) suspension to overlying water
giving a final concentration of approximately 1 × 107 CFU/mL. Aeration of the column provided adequate
mixing of the overlying water.
Determination of coliform survival
Both sediment and water from the columns were analysed on day 0 (1 hour after inoculation), 1, 2, 7, 14 and
28. A new column was used for each sampling date. Due to there being a rapid decay of E. coli when
incubated at 30°C, columns incubated at this temperature were analysed on day 0, 1, 2, 4 and 7 only. The
number of E. coli present in the water was determined using the membrane filtration method for the
determination of faecal coliforms (Australian Standard AS 4276.7, 1995). Results were expressed as number
of colony forming units (CFU)/100mL.
Sediment samples were obtained by firstly removing the remaining overlying water. The column was then
destructively sampled by placing on a coring device that extruded the sediment at controlled intervals. The
top 10mm of sediment was removed and placed into a sterile beaker. Of this sediment, 25g was placed into
75mL of sterile 0.1% peptone water (Oxoid) and sonicated in a sonication bath for 10 minutes to separate the
bacteria from sediment particles (Craig, et al 1999). Faecal coliforms were again enumerated by the
membrane filtration method. The results for E. coli concentration in sediment were expressed as number of
CFU/100g (dry weight) sediment. Dry weight was determined by drying a known quantity of sediment at
105°C for 24 hours.
The decay rate constant (k) was calculated as the slope of the line when log 10 (N t /N 0 ) was regressed against
time, where N t is the number of bacteria at time t and N 0 is the number of bacteria at time 0 (Davies and
Evison 1991).
All analyses were undertaken in triplicate and expressed as the mean ± standard deviation.
RESULTS AND DICUSSION
Monitoring the overlying water for conductivity and pH demonstrated that the microcosms remained stable
over the sampling period of 28 days. The stability of the microcosms over this period of time compare with
other studies utilising similar designs (Wagner-Döbler, et al 1992). Macro-invertebrates were present in the
microcosms throughout the experiment indicating that conditions were sustained similar to that of the natural
environment to support in-situ organisms. Sites were chosen to investigate the effect of sediment type on
survival (Table 1).

SITE
Henley Beach
Onkaparinga
Pt Adelaide (top layer)

Table 1. Particle size analysis.
%SAND
%SILT
%CLAY
98.54
0.08
1.41
93.20
1.23
2.84
81.80
4.18
10.17

%ORGANIC C
0.046
0.346
2.348

An example of a survival curve of E. coli in both sediment and water at 10°C is illustrated in Figure 1. When
incubated at 10°C there was a rapid decline in the concentration of E. coli in the water. This was most
pronounced in the microcosm containing water only, with no E. coli being detected after 7 days. The results

for decay rate constants at 10°C, 20°C and 30°C are given in Table 2. At all temperatures, survival was
greater in sediment compared with that in water (Table 2).
Persistence of E. coli was greatly reduced when samples were incubated at 20°C and 30°C respectively
compared with 10°C. For all samples there was a significant increase in decay rates in the water compared to
sediment (graphs not shown). The most pronounced increase in decay rates of E. coli occurred when
microcosms were incubated at 30°C. There was little difference in the decay rate of E. coli in sediment from
Henley Beach at 20°C compared with 10°C. There was, however, an increased decay rate in sediment from
the other two sites. These results compare with other studies, demonstrating prolonged survival of E. coli in
water at lower temperatures (Flint 1987, Özkanca and Flint 1997).
Figure 1. Survival of E. coli incubated at 10ºC in sediment (—) and water (----) from Henley Beach (■),
Onkaparinga (×), Pt. Adelaide (•) and column containing water only (▲).
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Results illustrated that survival was influenced by sediment type. Sediment from Henley Beach (mainly
sand) was less suitable for the survival of E. coli (represented by a greater decay rate compared with other
sediment types in Table 2). This reflects intrinsic differences between the sediment types such as particle
size and nutrient availability. There have been limited investigations into the effect of sediment type on the
survival of E. coli (or other pathogenic microorganisms). Of many studies undertaken, sterile sediment and
water has been used (Brenner, et al 1999, Thomas, et al 1999). As illustrated by Gerba and McLeod (1976),
autoclaving has the effect of eluting nutrients from sediment, therefore prolonging survival of
microorganisms due to the increased availability of nutrients. The use of sterile sediment and water also
removes the added pressure on survival by competition with natural organisms. For this study, the
persistence of E. coli was determined using intact sediment cores. Conditions of the study represents that of
the natural coastal environment as closely as possible. Unlike other studies investigating the survival of
microorganisms in sediments, this experiment retains the effect of natural flora.

Henley Beach
Onkaparinga
Port Adelaide
Water only

Table 2. Decay rate constants (k; days-1) for E. coli in water and sediment.
Water
Sediment
10ºC
20ºC
30ºC
10ºC
20ºC
-0.45
-0.89
-2.40
-0.32
-0.32
-0.24
-0.52
-2.09
-0.13
-0.22
-0.21
-0.45
-2.10
-0.14
-0.49
-1.04
-1.03
-2.13

30ºC
-1.36
-0.91
-0.58

For both microcosms containing Henley Beach sediment (sand) and water only, there was a rapid decline in
the number of E. coli, with none being detected after seven days. These findings of high decay rates is

comparable with other studies investigating the survival of E. coli in non-sterile water (Flint 1987). The
problem with comparing results between studies is that sediment and water characteristics are not often
described in detail. As indicated by the results of this study, differences were detected in the survival of E.
coli in the water column depending on sediment type. A study by Gerba and McLeod (1976) suggested that
microorganisms survived in sediment for prolonged periods of time due to the increased availability of
nutrients. Results from this current study confirm that nutrient availability may have a significant effect on
microbial survival. Under most experimental conditions, E. coli persisted in sediment from Pt. Adelaide
(highest organic carbon content) longer than sediment from the Onkaparinga and Henley Beach (lower
organic carbon contents respectively).
CONCLUSION
Results of this study demonstrate the prolonged survival of the faecal indicator organism E. coli in coastal
sediments. The decay rate of E. coli was found to be influenced by sediment type with greatest survival in
sediment with high organic carbon content. These findings have significant implications in regard to the
estimation of risk of infection during recreational activities. The presence of E. coli in coastal sediments may
indicate an increased risk of infection due to the possible resuspension of other pathogenic microorganisms
during natural turbulence or human activity. Further studies are required to estimate this likely risk, as well
as determining the survival of other pathogenic microorganisms under these conditions.
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Appendix 2
Bathing Water Quality - sampling points for Moggs Eye
and Anderby Bathing Beaches

Bathing Water Sampling Points
Legend

0

260

520

780 m.

© Crown Copyright and database right 2014. Ordnance Survey licence number 100024198.

