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WE LCO M E... to the Channel Catchments

Cluster (3C). This project aims to capitalise on outputs from
some of the recent projects funded through the INTERREG IVa
France (Channel) England programme.

The river catchment basins draining into the Channel region
drain an area of 137,000km? and support a human population
of over 19M. Throughout history, these catchments, rivers and
estuaries have been centres of habitation, developed through
commerce and industry, providing transport links to hinterland
areas. These catchments also provide drinking water and food
through provision of agriculture, fisheries and aquaculture.

In addition, many parts of the region are also economically
important now for the tourism and leisure industries.
Consequently, there is a need to manage the balance of these
many and varied human activities within the catchments,
rivers, estuaries and marine areas to ensure that they are
maintained or restored to good environmental condition . This
document highlights some of the recent work carried out by
projects within the INTERREG IVa programme that provide
tools and techniques to assist in the achievement
of these goals.

Nick Pope
3C Project Leader
Marine Biological Association, Plymouth, UK

CONTENTS

Citizen science: creating a network to detect
MAaring NON-NALIVE SPECIES ... 3

Delivering catchment resilience through
benefits MapPing ... 6

Endocrine disrupting chemicals......
Environmental monitoring ... 9

Tools for monitoring and identifying complex
mixtures of environmental contaminants in

aquatic environmMents ... 10
Water resources in Brittany: bedrock aquifer

ChAaraCTErISTICS. ... 12
Modelling, a tool for understanding and

MAKING AECISIONS ... 13
Non-indigenous species on the Channel coast 14
The COMET assay: a simple method to measure

DNA damage ... 16
Indicators of endocrine disruption in the

English Channel region. ... 18



T PR e

Figure 1 Volunteers carrys-—
ut-an-intertidal Shoresearch
'{;z?a,nsect and quadrat SUPVEY:

recording both non-nativesZss

Non-native species introductions not only compete with
native species for resources such as food, space and light; they
can restructure ecosystems leading to a net loss of biodiversity

heir potential to exert biological
Tpressure on the environment
together with a growing
awareness of the economic impacts
non-native species can pose, is
gaining increasing recognition. Recent
legislative instruments and policy
reflect this; calling for improved
detection and monitoring capabilities
to reduce the spread of non-native
species. In particular, the European
Marine Strategy Framework Directive
(MSFD) and the closely aligned Water
Framework Directive (WFD) identify
non-native species as having the
potential to adversely impact the
ecological status of European waters.
The very nature of introduction,

either intentional or unwittingly, by
human activity highlights the need for
araised awareness among maritime
industries and users. The earlier
along the invasion pathway a species
can be detected, the more cost-
effective it is likely to be to minimise
further spread. Therefore, a greater
understanding of the nature of these
pathways could lead to both earlier
detection and a reduction in spread.
This increasing need for vigilance and
awareness inspired the development
of aninnovative ‘contributory’ citizen
science programme, The Marine
Science project to help gather data on
non-native species introduction. By
developing and adapting monitoring

techniques, Cornwall Wildlife Trust
has mobilised a network of citizen
scientists able to gather non-native
species data in artificial, intertidal and
sub-tidal habitats.

Marinas provide suitable artificial
habitat and are often the first
point of entry for some non-native
hitchhikers, and as a consequence
the recreational boating community
are ideally placed to detect these
new arrivals. Engagement with this
target audience to deploy retrievable
settlement panels has proven to be
a successful citizen science project
in Cornwall and offers a valuable
opportunity to raise awareness. The
panels are deployed for a specified




period after which participants are
requested to submit digital images
of their colonised panel online. The
images are then examined by experts
to determine the presence of any
non-native species. The project
design aims to provide verifiable
biological data on the presence of
arange of non-native taxa across a
wide geographical area but, equally
importantly, raise awareness of their
occurrence within the recreational
boat community. The aspiration is
that their involvement could lead

to behavioural changes amongst
maritime users, and thus ultimately
reduce the rate of spread of non-
native species.

To complement surveillance in
marinas, existing citizen science
based projects have been adapted
to incorporate non-native species
monitoring while carrying out natural
habitat surveillance.

Panache partners have devised a
user-friendly methodology in order
to enable citizen scientists of all
abilities to perform intertidal surveys
which serve to monitor the shore
and identify potential pressures. The
shoresearch methodology consists of
four elements to record key species,
including non-native species and
climate change indicators, as well
as rare species and help inform
the selection process for Marine
Protected Areas (MPAS).

The elements include a timed
search for specific key species
generating presence/absence

data and a comparable gauge of
species abundance; a walkover
survey, recording all taxa, their
relative abundance and location

on the shore with reference

to zonation (observations of
particular significance are

carefully photographed and GPS
position recorded): a repeatable
transect survey where zonation
measurements are recorded
allowing for comparison over

time and finally a transect survey
incorporating quadrats to record
species and percentage cover in
each zone. A site can be surveyed
by employing one, some or all of the
complimentary elements depending
on the time and expertise available.

Figure & (Left) Boat owners turned citizen scientists remove their settlement panel to
photograph and check for non-native species colonisation. By Lisa Rennocks.

Figure 3 (Right) Images of each side of the settlement panel are received from citizen
scientists to be checked for the presence of non-native species. Non-native tunicates
Asterocarpa humilis, Corella eumyota and the bryozoan Bugula neriting are clearly visible on
this side of the panel. By Lisa Rennocks.

RAISING AWARENESS

If a key aspect of your project is to raise
awareness, consider citizen science

| MARYLOU {

-
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Figure 4 From the lab to the field, volunteers visit a marina to put their identification skills to
the test during a marine non-native species identification workshop. By Lisa Rennocks.



This level of volunteer engagement
aims to build a sense of common
ownership and stewardship of the
marine environment while increasing
awareness in support of MPAs and
potential pressures upon them.

The picture would not be
complete without sub-tidal natural
habitat data, however sending
volunteers underwater is fraught
with complications - but Seasearch
does just that! Seasearchis a
national scheme for volunteer sports
divers to record their underwater
observations for the benefit of marine
conservation. This well-established
citizen science programme easily
lends itself to monitoring for non-
native species. With standardised
methodology already in place,
specialist non-native species
identification workshops have been
delivered as well as the creation of
a corresponding waterproof ID guide
to equip divers with the necessary
skills to record non-native species
on both routine Seasearch dives
and dedicated non-native dives.

Figure

The relationship with Seasearch 5 (Top) The Leathery sea
volunteers lhas proven an ideal squirt (Styela clava) is easily
coupling with participants, often distinguishable from native

motivated by the opportunity to dive species, an excellent candidate for
in unusual and often restricted areas. citizen scientists to record. By Matt
Digital images from the dive help Slater. Figure 6 (Middle) The non-native kelp

provide robust, verifiable data. Wakame (Undaria pinnatifida) with a distinctive midrib and margins is easy to distinguish.
Unitin gteams of volunteers from by Lisa Rennocks. Figure 7 (Bottom) Seasearch diver monitoring for non-native species.

different projects with a common aim By Catherine Wilding,
demonstrates the huge potential to
create alarge network of individuals REDUCI NG

able to carry out non-native species BARR'ERS TO

surveillance by harnessing the
skills of the general public, amateur RECORD'NG
naturalists and those who are well
positioned to collect data through
their leisure pursuits. With careful

Careful species
selection can be
crucial to obtaining
reliable data

Selecting visually distinguishable non-native species not only
oroject design and species selection incre_ases the Iik.ellihooc'i of acc_urate identiﬂc_ation, it als_o_ helps
citizen scientists can help gather to bwl_d the parhqpant S com‘ldence in species _recogmtlon.
reliable robust data over an extended Combining species that are likely to be found with ones yet to
geographical range. arrive maintains enthusiasm and commitment to monitoring.
This citizen science approach
to monitoring has been shared
across the channel thanks to the LISA RENNOCKS

collaboration of organisations Cornwall Wildlife Trust
bought together by the Interreg IV

programme. This has also facilitated ﬁ
gl

the development of resources
to generate awareness including PANACHE seasearch

identification materials and a Protected Area Network A
[N cecsearch.org.uk S NATESEAPCH Cornwall

dedicated website for recording.
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DELIVERING CATCHMENT RESILIENCE
THROUGH BENEFITS MAPPING

Working with stakeholders to create an ecosystem service
benefits map that can develop a shared catchment vision

ur land plays a vital role in

capturing, transporting and

purifying water. The way the
rain interacts with soil is impacted
directly by the way we manage this
interface. If we compact the land we
decrease infiltration into the ground
water, increase overland flow and
thereby increase the transport of any
pollutants. In summary the way we
manage our land changes the quality
and quantity of water reaching our
rivers and seas.

Historically, the landscape has
been filled with a patch-work of
fields, hedges, wetlands and woods
all of which have acted to slow the
movement of water. This reduces the
risk of flooding, reduces the chances
of pollutants becoming mobile and
then entering the river and keeps
water within a landscape, therefore

reducing the likelihood of droughts.
However, after the Second World War
we sought to increase food production
in part by simplifying the landscape
and enlarging farmable space through
the removal of hedges, wetlands and
woodlands. Together with technical
improvements in agriculture, such

as the use of nitrogenous fertilizers,
this has led to the intended and much
needed increases in food production,
but also the unintended loss of
resilience our landscape has in holding
and moving water.

The Westcountry Rivers Trust has
sought to address this reduction in
resilience over the past 20 years by
working with farmers and landowners
to understand both the positive and
negative impacts of farming. This
is not about reverting to a bygone
era but getting more from our

landscape. We have an ever increasing
population, but the same amount of
usable space, so we need to get more
from our catchments. To do this the
Trust has developed a participatory
mapping tool that allows catchment
stakeholders to come together to
decide what they want from their river
catchment and the best and most
sustainable way to use, manage and
pay for our valuable local resources.
By mapping the benefits we derive
from any catchment we are able to
overlay these maps to show areas of
multiple benefit where several sections
of society should come together to
deliver a shared vision (See Figure 1:
A vision for enclosed farmland and
Figure 2: multi-functional areas). It is
through this shared understanding
that the Trust has been able to develop
catchment scale projects that deliver




multiple benefits to society. By WATER and Upstream Thinking. where historically we have thought

working with academic, regulatory The development of these types only about what it is that our individual
and community stakeholders of catchment scale projects are organization or sector wants from the
to understand the effect of local now being coordinated on a larger catchment. However, breaking down
management practices onthe spatial ~ scale through the Catchment Based these silos is not easy and it requires
and temporal limits of the ecosystem Approach. The development of us to think about how our actions
the Trust has been able to increase catchment partnerships across all impact upon other people and to put
the resilience of our river catchments.  catchments in England represents a ourselves in other peoples’ positions.
Akey element is the use of adaptive huge potential to increase our shared The reward for getting this right is
management to design advice that understanding of what we get from amore joined-up way of delivering

s personal, costed and relevant to our rivers but it needs evidence and the multiple European directives we
each farmer so they can change understanding. Academic research, sign up to as acommunity but also a
their management practices whilst tools, maps and models are a vital balanced environment where we can
minimizing any business risk. Three of ~ component to this process. feed ourselves, power our homes,

the Trust's past projects summarise The Catchment Based Approachisa  drink clean water and have a nice safe

this process: Cornwall Rivers Project, chance for us to break out of our silos,  place to work, live and play.

Cornwall
Rivers Project

Delivering farm competitiveness
through improved resource efficiency

Multifunctional Areas

ES Importance Score
High : 26

Between 2002 and 2006 the Trust delivered the Cornwall Rivers Project,
a £2.6M initiative, funded by Defra and the Objective 1 Programme. Its
primary aim was the rehabilitation of key rivers and their catchments across
Cornwall while bringing improvement in the economic viability of local rural
communities. During the project, Trust staff visited over 870 landholdings in
Cornwall, each one receiving advice and a confidential, individually tailored
and free ‘Integrated River Basin Resource Management Plan’ that identified
opportunities to improve farming practice, to protect the environment and
to make economic savings. These plans covered a total land area in excess
of 560 km (56,000 ha) and over 1,380km of surveyed watercourses. An
independent economic survey of the project revealed that the majority of
respondents made significant savings through taking up our advice (the
average annual savings per farm are calculated to be in excess of £1,369
- 2006). If all 870 farms made such savings, the entire cost of the project
paid for itself in just over 2 years!

Upstream Thinking!

Delivering improvements in raw drinking water

From 2010 the Trust has been involved in one of the UK's best known examples of
Payments for Ecosystem Services through South West Water's Upstream Thinking
Figure 2 Overlaying ecosystem service maps highlights ~Programme. The Trust acts as an ethical broker between South West Water and
farmers upstream of water treatment work abstraction points. The Trust has
distributed over £2.6m worth of grant against £4.5m worth of capital projects
improving raw water quality, including over 180 farmyard infrastructure items, as well
as funding over 50km of fencing and river improvements. This has led to a reduction

areas where multiple benefits are derived.

DR LAURENCE COULDRICK in the soil, nutrients and pesticides reaching the water treatment works, reducing
Head of Cat@hment Management, water bills in the long term. The project has also seen the first use of a Reverse
Westcountry Rivers Trust Auction on the river Fowey to allocate funding to the most cost effective solutions.

WAT E R Wetted land; the Assessment, Techniques and Economics of Restoration

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

In 2009 the Trust launched understand how water moves  This project was primarily of the leading UK practical
the WATER project, a €3.8m through and is retained in involved in research and applicants of Pagyments for
partner initiative, funded the catchment. These wetted development but lead to Ecosystem Services, able to
by the France (Channel) areas could then be better protection over 35km of develop and use ecosystem
England Interreg IVA managed and restored as wetland zones and advice service mapping as a way of
programme. It sought to well as the economics of over 9,600ha. Now the Trust identifying and working with
assesses the landscape and their restoration illustrated. has moved forwards as one catchment beneficiaries.



ENDOCRINE DISRUPTING CHEMICALS

FEndocrine disrupting chemicals disrupt the reproductive system and can cause
imbalanced sex ratio, delayed gametogenesis, imposex and intersexuality

here is strong evidence obtained
Tfrom field studies showing

that many aquatic organisms
may be exposed to biologically
active concentrations of endocrine-
disrupting chemicals (EDCs) in the
environment. These are chemicals
that alter the function(s) of the
endocrine system, which is necessary
for the normal development,
reproduction, growth, homeostasis,
energy availability and behavior in
multicellular organisms.

Adverse endocrine-mediated
effects have occurred in some
aquatic species and in some cases
have resulted in population declines.
For example, one of the most studied
cases, yet still not fully understood
in terms of the precise mechanisms
involved, is the effect of the organotin
antifouling compound tributyltin on
marine molluscs. This compound is
taken up by bivalves and gastropods
from sediments, water or diet and can
cause irreversible sexual abnormality
in female snails, a phenomenon
known as ‘imposex’ Imposex is the

development of male secondary
sexual characteristics in females
and is known to cause sterility
producing population declines and
disappearance of snails populations
close to organotin sources. As a
consequence, the use of organotin-
based paints on vessels less than
2bmin length was banned for

most of the countries in 1987 and
since 2003 in all ships. Male clams
from estuaries in the UK have also
shown a disruption in the gonadal
development with up to 60% of
some populations exhibiting intersex
(ovotestis) but the causes are still
unknown.

Estrogenic chemicals in sewage
have been associated with the
production of vitellogenin (egg
yolk precursor) and testicular
abnormalities by male fish. The
estrogenic activity of these waters has
been explained by the presence of
alkylphenol polyethoxylates, natural
hormones, such as 1/R-estradiol,
estrone, and the pharmaceutical
ethynylestradiol, lipophylic

mature sperm can be seen.

ELENA CUBERO-LEON
University of Le Havre

. INTERSEX IN CLAM
POPULATIONS

A widespread phenomenon in clam
populations from the UK southwest coast

organochlorines and phthalates.

In mammals, a well-documented
study is that of mass mortalities
in harbour seals, a combined
result of a morbillivirus infection
and polychlorinated biphenyls-
Immunosuppression effects via
hormone disruption. Also, population
declines produced by impaired
reproduction in grey seals have
also been related to the presence of
organochlorines in the food chain.

Research has shown irreversible
harm from EDCs in humans and
wildlife. Current EU chemical
regulations oblige chemical and
pharmaceutical companies to
conduct an environmental risk
assessment of their products but
these rely on acute toxicity tests,
which are inadequate for identifying
EDCs. High pressure on water
resources will increase, for instance
the UK Growth Agenda foresee an
extra 50,000 houses to be built in the
next 20 years. Although uncertainties
in risk assessment remain, regulatory
measures are urgently needed.

JEAN-MICHEL DANGER
University of Le Havre

Figure 1 Histological detail of an intersex clam gonad where oocytes and

Suppressive subtraction hybridization (SSH) technigue
was applied to understand the mechanism of disruption
of the clam reproductive system. This bivalve is subject
to inappropriate formation of oocytes within the testes
characterizing intersex individuals. Several interesting
gene transcripts were identified as lowered in intersex
clam samples. These encode a variety of proteins
involved in cell signaling (RACK1), cell cycle (PCNA,
histone H3), protein synthesis (ribosomal proteins),
cytoskeleton (tektin), sperm physiology (tektin, SPL1),
and energy metabolism (CYB, COX1). Because many of
these genes appear as “male” genes, the result suggests
that these profound physiological changes result from
demasculinisation of male clams.




result of technological advances that have come from  Biomonitoring is the use of biological responses to assess

Life expectancy continues to increase largely as a considered useful tools in the risk assessment process.
the synthesis of different chemicals such as fertilizers,  changes in the environment. Biomonitoring data can

pesticides and pharmaceuticals. The inappropriate provide a measure of an individual's internal dose to an
handling of some of these chemicals however has cost environmental chemical and information about the effects
significant degradation of the environment. For example, on the exposed organism building relationships between
early evidence existed that several pesticides interfered environmental pollutants and the occurrence of diseases'.
with the endocrine system of different organisms; but it Biomonitoring programs are used to identify priority
was not until the mid 60’s with the publication of Rachel exposures of chemicals, recognize time trends in
Carson's Silent Spring documenting detrimental effects exposure, identify at-risk populations, establish
of pesticides in the environment that widespread public reference ranges for comparison, provide integrated
concern was raised. dose measurements and evaluate exposure intervention
Since the mid 1970s, environmental monitoring became  and prevention efforts. These studies generally involve
increasingly important mainly due to the awareness of the measurements of the contaminants or biological

environmental chemical pollution and human health risk. changes (through the use of biomarkers) in indicator
Nowadays, environmental risk assessments are : organisms, populations and/or communities.
widely used as a scientific tool to evaluate the ' \ Suitable species for biomonitoring or
probability and magnitude A sentinel species are able to accumulate

of biological pollutants in their tissues from the
effects environment or food.
resulting form Currently there is
exposure stillincreasing public
to chemical and scientific concern

onthe occurrence
and contamination by
emerging pollutants and
further monitoring studies are

contaminants. The aim
of risk assessments is to assist
decision makers to tolerate,
mitigate or eliminate the potential
harm of the chemicals released to the needed to assess the trends
environment. Chemical monitoring coupled / and risks associated with their
with biomonitoring (monitoring programs) are % - accumulation in the aquatic environment.

Figure 1 A flounder, Platichthys flesus.

ENVIRONMENTAL MONITORING

Monitoring programs are used to evaluate the impact and
potential risk that chemicals have in the environment

MONITORING STUDY
USING THE FLOUNDER

Monitoring study integrating multiple
biomarkers in the flounder to assess the
quality of marine and estuarine waters

ELENA CUBERO-LEON  JEAN-MICHEL DANGER
University of Le Havre  University of Le Havre

1. E Cubero-Leon, C M Ciocan (2013). Mussels as a tool to Monitor Pollution. In: Mussels: Ecology, Life
Habits and Control. Bds. Nowak, J., Kozlowski, M. Nova Science Publishers. pp. 77-100

The flounder is considered as a relevant sentinel
species for monitoring water quality. [t is a
flatfish living preferentially on sandy mud and
muddy estuarine and
coagstal areas. This
species 1s widely
distributed in
Hurope, from

In order to document a suite of biological parameters
for flounder and to investigate their ability to deliver
a coherent and informative picture of the health
of the fish living on our coasts, measures of DNA

Norwey to damage, molecular and biochemical responses were
Portugal. conducted during laboratory exposure experiments
The flounder or in natural populations of flounder from differentially
lives most contaminated estuaries. This study showed that some
of the year biochemical biomarkers, in particular those related to
in estuarine the metabolism, might give ambivalent responses and
areas and showed the importance of using of a battery of markers.

Inaddition, the physiologicalbiomarkers appeared more

rivers reaching . : _
predictive of adverse effects of chemical contaminants.

the ocean as adults
1O spawm.

(o)



Some environmental

contaminants have the ability
to disrupt the reproductive health of
aquatic organisms and are termed
‘endocrine disrupting chemicals’
(EDCs). Often they can disrupt the
activity of sex hormones in wildlife
and humans by mimicking the
action of estrogens or blocking
the action of androgens (i.e. they
are anti-androgens) resulting in
feminization of exposed organisms.
Some of these compounds are
pharmaceutical residues, such as
components of the pill’ as well as
common household agents that
are incompletely removed from
the wastewater treatment plants.
The highincidence of feminized
fish in some Europeanrivers, and
occurrence of intersexuality in
aquatic invertebrates is thought
due to environmental exposure to
EDCs. We have used state-of-the-
art sampling procedures, (passive
sampling), combined with novel
analytical approaches to identify
and survey new types of chemical
pollutants present in rivers of the
Channel regions (see Figure 1). The
use of passive sampling techniques
which capture a wide range of
chemicals, has enabled the detection

Endocrine disrupting chemicals

Figure 1 Chemcatcher® passive sampling
devices secured in deployment rig, retrieved
after a field trial in the River Exe, UK.

10

of new mixtures of bioavailable EDCs
present in rivers contaminated with
wastewater effluents. These include
the germicides used in common
household products such as triclosan
which is used in mouthwash and
toothpastes, and chlorophene used in
disinfectants (see Figure 2). However,

Abietic acid

Triclosan

OH

I chlorophene

Figure 8 Mixtures of anti-androgenic
chemicals detected in the aquatic
environment. Anti-androgens can act as
demasculinizing agents and may exacerbate
feminizing effects of estrogens with the
potential to disrupt reproductive health of
fish and invertebrates.

our research has shown that these
compounds act as anti-androgens
with the potential to exacerbate

the feminization of fish caused by
exposure environmental estrogens
such as ethinyl estradiol presentin
the "pill’ This work has important
implications for the European Union
Water Framework Directive (WFD)
which is currently considering
legislation of environmental
estrogens in surface waters based
onrisk of exposure to estrogens
themselves, rather than to mixtures
of other anti-androgenic EDCs which
may potentiate estrogen-induced
feminization of fish. In further

work, we have also used chemical
profiling techniques to show that fish
exposed to effluent contaminated
water are also exposed to many

pharmaceuticals including 5 different
anti-inflammatory drugs and 7
different selective serotonin reuptake
inhibitors. These mixtures have the
potential to disrupt both the immune
function and behaviour of fish.
Sediments can sequester
hydrophobic environmental
chemicals and thus can be important
sources pollutants in the aquatic
environment. We have used bioassay-
directed analytical tools to identify
the major anti-androgens in present
coastal sediments (Figure 3). These
were identified as mixtures of
polycyclic aromatic hydrocarbons
(PAHs) which are present as a
result of shipping activity and ol
pollution. Experiments are being
conducted to determine whether
these EDCs can disrupt the normal
sexual development of benthic
invertebrates such as clams
(Scrobicularia sp) where a high
incidence of intersexuality has been
documented in some populations in
the Channel region.
Herbicides and molluscicides Other
work on use of passive samplers to
help to monitor pollutants in water is
being undertaken by the University
of Portsmouth, UK in collaboration
with South West Water Ltd. and the
Westcountry Rivers Trust. These
groups are using the Chemcatcher”
device (developed at the University)
to detect and map concentrations of
arange of acid herbicides in the River
Exe catchment. These chemicals
(e.g. Mecoprop) are used widely in
this region for the control of broad
leaved weeds in grassland and some
cereal crops. Using this new approach
to monitoring, specific chemical
inputs into the river system can be
better traced and any necessary
remedial actions better targeted.



Work is also starting to use this treatment and purification processes.
technology to monitor inputs of the Many of the compounds identified
molluscicide, metaldehyde. This in these studies are either on the
chemical, in the form of slug pellets, EU WED priority pollutant list or are

is applied widely to agricultural land ona Watch List' for potential future
across the UK and usually entersthe  legislation. However, risk assessment
river system as run-off after rain fall of environmental chemicals is
events. This chemical is difficult to currently based on exposures to
remove from environmental water single contaminants, and takes

(e.g. for subsequent use as potable no account of the actual complex
water supplies) using conventional mixture of substances accumulating

USE OF PASSIVE SAMPLING
DEVICES TO MONITOR WATER QUALITY

Passive samplers can be used alongside or as an
alternative to spot or grab water sampling methods

Passive sampling devices for use in water have been developed over the
past twenty years. A number of designs are available and these can be
used to measure all the major types of pollutants (e.g. metals, non-polar
and polar organics) typically found in the environment. Samplers can be
deployed in the water column for extended periods (e.g. days to months)
and once calibrated can provide both time weighted average and equilibrium
concentrationsof pollutants. Theiruseinregulatory monitoring programmes
is currently attracting wide interest across Europe and elsewhere.
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A combination of bioassays and chemical analyses are used to identify novel
contaminants present in extracts from passive samplers, sediments and wildlife.

In organisms which may enhance
(by additive or synergistic effects) or
decrease (by antagonistic effects)
overall toxicity. Hence, there is a need
to understand the composition of
the chemical mixture that aquatic
organisms are exposed to in order
to perform environmentally relevant
risk assessment studies that are
necessary for effective policy

and legislation.

Figure 4 Passive sampling devices. L-R;
Semi-Permeable Membrane for non-polar
organic pollutants, Diffusive Gradients in
Thin Films device for metals, Ecoscope for
metals and non-polar organic pollutants,
Polar Organic Chemical Integrative Sampler
for polar organic pollutants.

PROFESSOR

Coastal sediments of
the Channel region are
contaminated with anti-
androgenic chemicals

Sediment extracts were analyzed by an androgen
receptor antagonist screen and the results

expressed in relation to a standard anti-androgen,
flutamide. High concentrations of anti-androgens

ELIZABETH M HILL
University of
Sussex

PROFESSOR
GRAHAM MILLS

University of
Portsmouth

DR DIANA
ALVAREZ MUNOZ
University of

were detected in Southampton, Le Havre and Poole

harbours. We showed that this pollution was due to Figure 5 Survey area; Black bars represent Sussex

PAHs and reveal that these contaminants may have  anti-androgenic activity and white areas the DR ARTHUR DAVID
reproductive as well as genotoxic effects in aguatic variability of duplicate measurements. No University of
organisms. The work has important implications for  anti-androgenic activity (< 0.2 pg flutamide Sussex

understanding the role of marine sediments in the equivalents/g sediment) was detected in

reproductive health of benthic invertebrates and fish. marked sites with no bars.
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Tertiary basin

Weathered layer

Schists ‘§

Faulting zone

Topographic altitude (m)
050

- Figure & Mean conceptual model of Brittany aquifers.
- Tertiary basins (yellow), weathered formations (pink)
e and faulting zone (black). Adapted from Brault, 2002.

& © : OLIVIER BOUR TANGUY LE BORGNE
@ e \ olivierbour@ tanguy.le-borgne@
L BN g o, 201 univ-rennesl.fr univ-rennesl.fr

Figure 1 Mean annual volume of groundwater abstraction from crystalline aquifers LUC AQUILINA
in Brittany (from Agence de I’eau Loire Bretagne). luc.aquilina@univ-rennes1.fr

n Brittany, for a total of 60M. m? only 20% of tap water is derived Funded by CLIMAWAT Interreg Project and ORE H+

from groundwater (compared to 60% at the national scale). 65%

of the producing wells are in the weathered part of the rocks (below
20m depth) and produce less than 10m?3/h. Exploring massive
rocks such as bedrocks and in particular schists and granites
needed dedicated tools, as availability of the water is linked to (inter)

.
.

Bore-hole flux
characterization
using fiber optics

eecccccee

eescccccccccce

eecccccccccce

connected fractures. With a continuous observation of :
At the regional scale, some high flow areas (>40m?*/h) are temperature, connected fractures in :
encountered. They are highly related to specific geological structures ¢ boreholes could be localized :

such as faulting zones (Figure 1). Distributed temperature measurement uti-

Alegacy of Brittany's geological history, they boost a high lizing fiber optics is a recent technique which
transmissivity (>10-3m2/s) which can be related to high productivity has been developed in the last few years.
of the reservoirs. Contrary to what may be expected, recentworkon ¢ Thermal tracer tests can be conducted for
these aquifers shows that the depth alone is not the key parameter for : better characterization of the geometry of the
productivity but rather the geometry (and in particular the dip of the fracture network: following hot water injection
faulting zone: sub-vertical faults present less productivity than gently inawell, it is possible to visualize through
dipping faults (PhD thesis, Clernent Rogues with BRGM)). time the inflow (or not) of this “tracer” at all

pping . ques . . . depth in the bore hole and thus to identify

However, the key parameter in these aquifers is their connectivity. connected fractures.

The fault zone is more the transmissive path than the capacitive one:

the fault must be connected to a reservoir which can sustain the

water abstraction. The durability and water quality of this contributing
reservoir is of greatest significance for the sustainability and protection
of the resource. Tertiary basins or weathered rocks have good storage
capacity but they are shallow and consequently sensitive to surface
activities and eventually their quality is limited. Faulting zones can also
reach deep protected reservoirs with regard to accidental pollution

but these reservoirs are sometimes too mineralized for tap water
production.

Knowledge of the aquifer geometry is essential information in : Read etal 2012
aquifer resources management. Tools have been developed by
research laboratories to ‘image’ the faulting zone, their connectivity Figure 3 Continuous temporal survey of temperature
and productivity. Monitoring during the first years of production would at all depths in the well. Only the two deepest
confirm the sustainability of quantity and quality for the resource. - fractures are connected with the injection well.
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Recharge = 500m

Mean flow rate

. "

10°

10° 10* 10°

Transmissivity

Draning cells : 39%

Leray et al, 2012
Faulting zone

L-R Figure 1 Impact of fault zone dip (a): the lower the angle (and the
higher the transmissivity), the greater the productivity of the aquifer
(red). Figure & Impact of reduced recharge (infiltration) on the hydrologic
network. Adapted from Goderniaux et al, 2013. Figure 3 Impact of the
cessation of wetland industrial use and a slow climate change (-2% of
recharge) on water levels in the catchment.

Goderniaux et al, 2013
Recharge = 100m
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Scenario 36:

Climatic scenario A
Pumping +0%

Baupte pumpings : OFF

funded by CLIMAWAT
Interreg Project

Draning cells: 10% and ORE H+

Armandine Les
Drawdown [m] Landes et al, 2013
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MODELING: A TOOL FOR

UNDERSTANDING AND MAKING DECISIONS

Groundwater abstraction impact? Climate change?
Aquifer geometry? Modeling gives clues

©0000000000000000000000000000000000000000000000000000000

Groundwater age

What is the residence time of
groundwater in aquifers?

And what can this period imply for recovery of
water quality? Clues can be given by dissolved
CFC (chlorofluorocarbons) and SF6 (sulfur
hexafluoride). By comparing the dissolved
and atmospheric concentrations of these
compounds (Figure 4), it is possible to better
understand the dynamics of groundwater. Cou-
pling with hydrochemistry, groundwater dating
allows the identification of contributing reser-
voirs and their residence times. Application of
these data enables better temporal calibration
of hydrogeological models.

Figure 4 Atmospheric CFC
and SF6 concentrations
survey: the younger

the groundwater (or

a proportion of it) the
greater the concentrations
of these compounds.

Apparent age
(vears)

CFCs (pptv)

http:/hplus.ore.fr

Figure 5 Groundwater apparent age mapping shows the
contribution of an old reservoir, which can explain the
evolution of pumping well quality.
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ydrogeological modeling is based on the past to predict the
|—| future. Whatever the final application, the calibration phase is

essential. For water resources modeling, aquifer geometry is
a key feature. In fractured aquifers, productivity is highly dependent
on geological structure and its geometry. The influence of the dip
of the faulting zone, which was suspected through previous field
studies, has been validated by modeling: the more sub-vertical the
structure is, the less the expected productivity of the resource (PhD
thesis of Sarah Leray — Figure 1).

Modeling is the predictive tool. According to current interrogations
about climate change, the impact on water resources is a real issue.
Most scenarios predict an increase in mean temperature leading
to alowering of recharge — a decrease in the amount of water
infiltrating to the soil and groundwater. In headwater catchments
or Ist-order watersheds, groundwater is the major input to rivers.

In Brittany, the proportion of groundwater in the river can reach
80%. Modeling shows that a decrease in recharge on the small
watershed of Brittany will impact the hydrographic network (Figure
2).Abx decrease in effective recharge (from 500-100mm) leads to
areduced draining area (more or less the rivers) from 39% —10%.

Impact of anthropogenic activities is another domain that is
difficult to explore and where modeling is helpful, particularly in the
case of groundwater abstraction. Modeling has been conducted to
predict the combined effects of moderate climate change and the
cessation of wetland industrial use and the associated pumping
onriver and wetland levels (PhD thesis Antoine Armandine Les
Landes). The cessation of pumping in the wetland counterbalances
the effect of moderate climate change with moderate decrease of
water level and even an increase in the upland river level.

Aquifer modeling is useful in many domains, but it depends upon
field measurements including: water level, chemistry, residence
time (groundwater age) etc... but afterwards numerical modeling is
a predictive tool without comparison.
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pecies that have been
S carried beyond their natural
geographical range by human

activities, either accidentally or
deliberately, can modify ecosystems
and pose major threats to both
economic interests and native
biodiversity. The Interreg IVA
Marinexus project included appraisal
of these non-indigenous species
(NIS) in the fouling communities of
harbours and marinas — artificial
environments in which NIS are
particularly prominent and which can
act as stepping-stones for spread
around the coast and thence into
natural habitats. Marine biologists
from the laboratories in Plymouth
(Devon, UK) and Roscoff (Brittany,
France) adopted joint protocols
and undertook collaborative work
to enable direct comparisons of
localities on the two sides of the
Channel, in NW Brittany and SW
England (Devon & Cornwall).

Methods included deploying
settlement panels and conducting
standardized timed searches (Rapid
Assessment Surveys, RAS) ina
series of marinas, both of these
activities being repeated to monitor
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changes during the project, and the
recording of species living on yacht
hulls and on the hull and in the ballast
tanks of a cross-Channel ferry.

The lists of NIS on the two sides of
the Channel were remarkably similar,
the great majority of species being
present on both sides. Nevertheless,
the animal communities developing
on panels during one year's
immersion in 13 marinas, scored
in terms of the space occupied by
each species (both indigenous and
non-indigenous), were consistently
different between Brittany and Devon
& Cornwall. The differences reflected
the greater prominence in Brittany
of 1) many of the NIS and 2) a small
number of indigenous species
near the northern limit of their
geographical range.

RASs of 10 English and seven
French marinas were undertaken in
2010 and repeated in 2013. In 2010
in Brittany, most sessile animal NIS
in the region were present in most
marinas— the species had almost
complete ‘site occupancy'— and
the picture remained the same in
2013, with no overall change (Figure
3). In Devon & Cornwall, occupancy

d 'Fiﬁﬁefi#%i
- s of Botrylloides;
.7 " probable undeseribed fourth -
/¢y . 8pecies bottom:

CONFUSINGLY
SIMILAR SPECIES:
DNA TO THE RESCUE

DNA-based identification
(molecular ‘barcoding’) has
been vital for resolving a group
of species that can closely
resemble each other

Colonial sea squirts of the genus
Botrylloides (relatives of the
better-known ‘Star sea squirt,
Botryllus schlosseri) include at
least two NIS in the Marinexus
study region: Orange cloak sea
squirt (B. violaceus) and San
Diego sea squirt (B. diegensis)
(Figure 1). Both occur in a variety
of colour forms, and these species
can resemble each other closely
and are also difficult to distinguish
from the putatively native

species B. leachii. Molecular
barcoding enabled colonies to

be classified so that distributions
could be clarified and subtle
morphological distinctions looked
for in well-chosen comparisons of
specimens. The DNA sequences
also brought to light an
overlooked fourth species.
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was substantially lower in 2010.
However, occupancy had increased
by 2013, with more species present
at six or more marinas. This change
was largely because two species
spread to several new marinas in
Devon and Cornwall between the
surveys: the Compass Sea Squirt
(Asterocarpa humilis) and the Red
Ripple Bryozoan (Watersipora
subtorquata). In Brittany, both these
species were already present in 2010
at all of the marinas surveyed.
Parallel DNA-based population
genetic studies on a suite of NIS
suggested a common origin of the

populations of each species on the
two sides of the Channel, i.e. a shared
history of introduction with efficient
spread across the Channel following
an initial establishment on one or
other side. Based on the greater
occupancy of habitat patches
(marinas) and higher abundances
seenin France, itis possible to infer
a general recent pattern (since the
later years of the last century) of
spread of marine NIS from France to
England. The documented dates of
first records of the species on either
side of the Channel broadly confirm
this direction of cross-Channel
colonization. Before these arrivals, a
slower rate of establishment of NIS
was recorded throughout most of
the 20th Century, during which time
the first recorded occurrences were
commonly on the English side, in
contrast to the post-1970s trend
of near-simultaneous discovery
on both sides of the Channel or
French first records occurring
some years ahead of their English
counterparts.
The Marinexus studies and
earlier records document a cluster
of discoveries of new sessile NIS
around the turn of the millennium.

for introduction to France via
commercial movements of the
Pacific oyster (Crassostrea gigas),
albeit with a delay between the peak
documented importation to France
of oysters from Japan between 1971
and 1975 and discovery of these NIS.

Inspection in marinas of the hulls
of over 120 yachts removed from
the water for periodic maintenance
documented an average of four
species of non-indigenous sessile
animal per vessel in both Devon and
Brittany, with similar lists of species
on both sides of the Channel. In
keeping with previous studies, ‘niche
areas’ such as the propeller, propeller
shaft and lower edge of the keel were
important, harbouring some fouling
even on otherwise clean yachts.

A picture therefore emerges
of England and France sharing a
common history of introductions
of NIS on their Channel coasts,
with a recent burst of new arrivals
spreading across the Channel,
predominantly northwards, often
after only a brief delay. Probable
vectors of this spread include leisure
craft and cross-Channel commercial
vessels such as ferries, with initial
introduction to NW Europe often

i\/[oaljﬂ?ngggloopgioal At least three of these are native to originating from aquaculture-related
Association (Plymouth) the NW Pacific and are candidates shipments of commercial species.
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Figure & The Tufty-buff bryozoan is the commonest NIS on
yachts in both Brittany and Devon and now occurs around
the coast of Great Britain (1999 range indicated in red).

A champion hitch-hiker

One moss animal has spread sﬁectacularl
around the UK, starting from t

Figure 3 Frequency distribution of 13 NIS based on
the number of marina sites occupied by each species
in surveys in Devon & Cornwall and Brittany. Inset:
the Compass sea squirt, one of the NIS rapidly
colonizing sites in England between the two surveys.

fast
e Channel coast

In the United Kingdom, the Tufty-buff
bryozoan (Tricellaria inopinata) was first
found in a restricted area of the south coast
of England in 1998, but within roughly 12
years it had spread around the coast of

that lives permanently attached and

Great Britain, reaching as far as both east
and west Scotland (See Figure 2, above).
This speed seems remarkable for a species

releases short-lived non-feeding larvae. But

T inopinata occurred on 90% of boats in
the Marinexus data, particularly favouring
niche areas, and its hitch-hiking ability
almost certainly enabled this sprint around
the coast.
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FIELDWORK PROGRAMME FOR DIESE

(Determination of pertinent Indicators for Environmental monitoring: a Strategy for Europe)

B

Soc

MBA 250mL, ice (metals, TET) |

Sediment
« o ) Sussex 250mL, -20C, EDCs ]
Le Havre 100mL, -20C, EDCs ]
-80C
S. plana a2 Intersex (MBA) }—'[ EDCs (Sussex) ]
i
(Effort: n/man-hour) e
TBT. metals (MBA) ]
Surface benthos Juv. Bivalve and other fauna
(30x 6.4cm 1.D. cores) identification & count (MBA)

Figure 1 Fieldwork programme for DIESE.

— ndocrine Disruption (ED) is of
= growing concern. Feminisation
L of male fishinrivers occurs
extensively and has been linked

with environmental exposure to
endocrine-disrupting compounds
(EDC) including oestrogens and
oestrogen mimics. However, it is
uncertain whether invertebrates,
which comprise 95% of all animal
species and are central to ecosystem
function, are also susceptible. It

is therefore important to develop
practical tools to screen for ED effects
in marine systems. Given previous
ED problems in marine snails (TBT-
induced imposex) the question of
whether anthropogenic activities
can influence the sexuality and
reproduction of shellfish populations
is especially important within the
Channel region.

Intersex in clams Populations of
the estuarine deposit-feeding bivalve
Scrobicularia plana usually have
equal numbers of male and female
individuals, but appear susceptible
to some EDCs. Intersex, in the form
of ovotestis (presence of eggs in
male gonad, see opposite) occurs in
some populations and is inducible in
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the laboratory by natural oestrogens
such as 17D-oestradiol and hormone
mimics such as alkylphenol.

The susceptibility of S. plana,
coupled with its extensive distribution
and central role in ecosystem
functioning, makes it a valuable
biomonitor for determining ED
effects together with broader threats
from other contaminants. During
our cross-Channel investigations
within the INTERREG IVA DIESE
project, we focused on developing
methods for sampling and analysing
clams (Figures 1 & 2) to depict the
occurrence and severity of intersex.

The field campaign incorporated
sampling of clams, sediments and
environmental parameters including
grain size, organic matter, organotins
and metals (the latter as surrogates
of pollution). Sub-samples (sediment
and clams) were distributed to DIESE
partners for additional chemical and
molecular characterisation.

To determine effects on sexuality
of clams, several easy-to-use indices
were developed: Sex ratio, frequency
and severity of intersex (opposite),
and oocyte size is measured by
examining gonad histology (light

microscopy) from 30 clams at each
site. The scale of intersex severity
ranges from a single oocyte in a field
of view to whole follicles of oocytes
alongside follicles filled with sperm.
Parasitism is also screened in each
individual to evaluate any links with
intersex and overall condition (tissue
weight as a function of shell length).
Intersex was found to occur widely
in S. plana on both sides of the
Channel: 37 of 71 UK populations
were affected (52%) and 26 of 37
French populations (70%), giving an
overall total of 63 out of 108 (58%)
sites affected. S. plana therefore
appears to be an excellent indicator
organism to study responses to
EDC and other chemicals. Whilst
intersex was mostly at a low level
(10% or less of males affected)
there are sites where frequency is
well above background (50% of
males affected) and severity (mean
intersex index) is elevated. At a
small number of sites, population
sex ratios were significantly skewed
from 1:1 (sometimes towards
females, sometimes males), most
likely as a result of anthropogenic
influence. High levels of intersex in
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Figure 8 Scrobicularia plana.

Abundance of clams at
Warsash, Hamble Estuary,
1978-2009, showing decline
and recovery in relation to
TBT contamination. Upper
numbers above bars are mean
TBT seawater concentrations
(ng Sn I-1) for periods 1986-
1988, 1990-1992, 2000-2009
(left to right). Lower numbers
are mean sediment TBT
concentrations (ug Sn g-1) for
the same periods. Data in 2009
(collected for DIESE) are total
clam numbers only; numbers
of different sized clams (10mm
intervals) are indicated at
other times.
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the Severn estuary were accompanied by low
abundance of S.plana. However, more work is
required to confirm the links between intersex,
fecundity and population conseguences, and
to define the impacts in terms of catchment
characteristics.

Causes and Mechanisms Intersex in S. plana
is inducible following laboratory exposure to
(xeno)oestrogens. These EDCs are present in
domestic, industrial and agricultural effluents.
Whilst we are currently unsure which human
activities are predominantly responsible for
altered clam sexuality in the field, "hotspots’
appear linked to centres of urbanization/
industry (for example in the Severn Estuary).
Intersex trends in the Avon Estuary (South
Devon, UK) also imply a link with agriculture.

Sediment chemistry is helping to evaluate
causes. Widespread anti-androgenic
activity occurs at a number of DIESE sites
(Collaborative studies with Professor Elizabeth
Hill, Sussex University) suggesting widespread
contamination with chemicals that have the
potential to feminise clams. However, anti-
androgen contamination and the incidence
of intersexuality in S. plana are not strongly
correlated in these samples. Exposure trials
with model anti-androgens suggest only weak
feminising effects in clam gonadal tissue.
However, this could be enhanced in the field by
additive or synergistic effects with oestrogenic
compounds.

Gene expression studies in intersexed
clams are also helping to address intersex
mechanisms. Suppressive Subtraction
Hybridization (Prof Jeanette Rotchell, Dr
Corina Ciocan) has identified 13 genes in S.
planawhich are up-regulated in the intersex
condition (and are of potential diagnostic use in
highlighting pathways affected).

In summary, in S. planawe now have a
viable model organism to look for evidence of
reproductive impact in the field, and to establish
links between intersexuality and anthropogenic
sources within catchments. Future studies will
combine effects on individuals (intersex) with
population-level consequences and explore
connections with environmental chemistry
and human activities. In this context S. plana
has already proved to be an excellent model to
monitor population impact (and recovery) from
TBT pollution in estuarine sediments and may
prove equally useful in evaluating emerging ED
threats. Scientific knowledge from this project
is expected to be incorporated into aquatic
environment health assessment and will be
shared with researchers, regulatory agencies,
industry and the general public in order to
help standardize regulatory actions, improve
environmental management and ensure
sustainable development.
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THE COMET ASSAY: A SIMPLE METHOD

TO MEASURE DNA DAMAGE

Environmental risk assessment and using the COMET
assay to detect damage at the population level

ue to anincreasing global human
D population, currently over seven billion, the

use of chemicals through anthropogenic
usage (human production) and, conseqguently,
contaminant input to the aquatic environment
is increasing. Contaminants in the aquatic
environment are found in various matrices, such
as sediment, water and biological samples, where
exposure often occurring as complex mixtures.
Contaminant burden in aguatic organisms can
inform us of the amount of chemicals organisms
have been exposed to, but provides no information
about the biological and ecological consequences
of contaminant exposure, thereby underlying the
need for biological diagnostic tools. To appropriately
diagnose the effects on organism populations,
the target system with which to monitor biological
damage would be to assess effects at the genetic
level, thereby, the DNA, where the genetic
information is stored.

DNA exists as a superhelix or coil; contaminant-
induced damage results in breaks in the DNA
structure, known as single or double-strand breaks
(SSB and DSB). Such breaks could give rise to
Chromosomal aberrations (CA) which, if left
unrepaired or even mis-repaired, may lead to cell
death or apoptosis. DNA strand breaks could lead
to heritable changes, underlying the importance of
this assay to assess population level effects, notably
reproductive success (i.e. fertility and fecundity).

To assess DNA damage via DNA strand breaks, the
assay involves isolation of cells in a low-melting point
agarose gel suspension, lysis of the cells in alkaline
conditions (pH >13) and electrophoresis of the
suspended lysed cells. The principle of the technigue
is to induce relation of the negatively-charged DNA
supercoils where breaks are apparent. The higher
the amount of DNA breaks leads to the greater
distance of migration within the gel to the positive
electrode (the anode). Conversely, if the DNA was
undamaged the superhelix would be unable to ‘relax’
and uncoil, therefore leading to the lack of migration.
By determining the relative amount of DNA migrated
provides a simple method to measure the DNA
breaks in an individual cell. To visualize the extent
of the DNA damage post-electrophoresis, various
technigues are employed. The most commonis a
fluorescent dye, Ethidium bromide (EtBr). The aptly-
named COMET assay is due to the appearance of
‘comet heads’ containing the high molecular weight
DNA and the ‘comet tail’ containing the leading end
of molecular fragments (see Figure 1).

18

Figure 1 DNA damage in mussel haemocytes. A) Undamaged cells as shown by
comet heads; (C) comets with long tails regions, thereby high DNA damage .
Pixelated areas highlight parameters needed to quantify DNA damage, shown

in panels B and D, respectively.

GLOSSARY

Apoptosis Programmed cell
death « CA Chromosomal
aberrations resulting in

any change in the normal
structure or number of
chromosomes * DNA
Deoxyribonucleic acid «
SSB/DSB Single/double
strand breaks in DNA
Electrophoresis a separation
method of ion movement in fluid
under the influence of an electric field.

AWANTHA DISSANAYAKE
Plymouth University

COMET assay: applicability in
environmental risk assessments

The COMET or single cell gel electrophoresis (SCGE) assay
has developed from a detection technique to assess DNA
damage in mammalian cells, in a medical context, to a widely-
used standardised technique in environmental monitoring,
both in terrestrial and aquatic contexts. Bioindicator
organisms where the COMET assay has been applied ranges
widely from human cells, earthworms, bivalve molluscs and
small invertebrates, such as daphnia and amphipods. Target
cells include, gill cells, digestive gland and blood cells, such as
invertebrate haemolymph.
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