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Disclaimer

North West Marine Futures Internship

The author of this report confirms that the views expressed within are solely their own and are not
necessarily representative of the North West Wildlife Trusts or other organisations involved in the

project.

Glossary of Abbreviations

BWWTW Barrow Wastewater Treatment Works

CB Concle Bank seagrass bed

DEM Digital elevation model

EA Environment Agency

LOD Limit of Detection (i.e., the lower limit of detection)

NWWT North West Wildlife Trusts

PRA Potential restoration area

RS Roosecote Sands seagrass bed

WEFD (2000) The Water Framework Directive, i.e., EU 2000 Directive 2000/60/EC of the
European Parliament and of the Council of 23 October 2000 establishing a
framework for community action in the field of water policy, Official Journal of
European Communities L 327 1 72.
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1. Introduction

1.1 Project Rationale
The North West Wildlife Trusts (NWWT) requested this study to investigate the feasibility of carrying
out a water quality assessment to inform their approach to seagrass restoration.

The NWWT has been investigating the potential for seagrass restoration near Roosecote Sands,
Barrow, Cumbria, as part of the Morecambe Seascape Restoration Project. Both seagrass species
native to the UK are found in this area (Peyton-Jones and Rounce, 2023). Based on historical extent
data, the NWWT has identified a potential restoration area (PRA) adjacent to the existing seagrass
beds.

Previous reports from NWWT outline the historical and recent extent of seagrass along the Cumbria
coast and detail the selection of the PRA (Cale and Churn, 2021; Clifford, 2021; Gould, 2022a; 2022b;
Peyton-Jones and Rounce, 2023). The NWWT is collecting Zostera noltii seeds this year, with the aim
to begin its first trials of seagrass restoration in 2024-2025. The NWWT recognises that water quality
is a significant variable to be considered prior to restoration. However, given resource and time
constraints it is important to determine if assessing water quality would be necessary, cost-effective
and an appropriate use of resources.

1.2 Background

1.2.1 Seagrass Restoration

Globally, human activities continue to degrade ecosystems that sustain life on Earth (IPBES, 2018; Diaz
et al., 2019; Dhiman, 2022; UN, 2023). Seagrass meadows can provide numerous vital ecosystem
services, including carbon sequestration (McLeod et al., 2011; Fourqurean et al., 2012; Potouroglou
et al. 2021; Serrano et al., 2021; WWF, RSPB and The Wildlife Trusts, 2024), habitat provisioning for
economically significant fish species (Nordlund et al., 2017; Erzini et al., 2022) and natural protection
from coastal erosion and inundation (Christianen et al., 2013; Ondiviela et al., 2014; Jacob et al., 2023).
Meta-analyses report extensive seagrass loss internationally during the last century (Waycott et al.,
2009; Dunic et al., 2021). Although the lack of historical data impedes accurate evaluations, seagrass
decline in the UK is estimated at between 44% (high certainty) and 94% (low certainty) (Green et al.,
2021). Suggested drivers of this decline include the outbreak of wasting disease (Labyrinthula
zosterae) in the 1930s and anthropogenic pressures such as physical disturbances (e.g., bottom
trawling), climate change impacts (e.g., increased storminess and rainfall elevating turbidity in the
water column) and water pollution (Jones and Unsworth, 2016; Potouroglou et al., 2021).

As a result, seagrass restoration is increasingly prominent; it is promoted as a mitigation approach to
tackling the entwined climate and biodiversity crises (Gamble et al., 2021; Unsworth et al., 2022). In
recent years, various seagrass restoration projects have emerged within the UK (Ward et al., 2023).
However, there is a widespread consensus amongst academics, policymakers and practitioners that
further implementation and research into marine restoration is necessary if its potential to facilitate
socio-environmental sustainability is to be achieved (Garbutt et al., 2024).

Assessing habitat suitability before implementation is widely recommended for effective seagrass
restoration (Kent et al., 2021; Preston et al., 2021). Although habitat suitability assessments or models
cannot guarantee restoration success, they provide crucial insights that can increase the likelihood of
ecosystem recovery and can inform wider management approaches (Preston et al., 2021). Assessing
the water quality of restoration sites pre-planting is a vital part of determining habitat suitability, since
poor water quality can inhibit seagrass growth (Unsworth et al., 2018; Preston et al., 2021).
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1.2.2 Seagrass Ecology
Seagrasses are a group of marine angiosperms (Nordlund et al., 2017), with two species found in the
UK (Table 1).

Table 1. Summary of the two species of seagrass found in the UK, information based on Potouroglou and Unsworth (2021)
and Gamble et al. (2021).

Common name Common eelgrass Dwarf eelgrass
Taxonomic name Zostera marina Zostera noltei or noltii
Predominant habitat niche Sublittoral Intertidal

Typical position on shoreline Lower shore Higher shore

Relative light tolerance Lower light tolerance Higher light tolerance
Height >1.5 mm <1.5mm
Reproductive strategies Pollination of flowers (sexual) and rhizomes (asexual)

1.2.3 Effect of Water Quality on Seagrass

Poor water quality is widely accepted as a major cause of seagrass decline around the UK and
internationally (Griffiths et al., 2020; Zhang et al., 2023; Unsworth et al., 2024). More specifically,
increased nutrient inputs in coastal systems presents one of the most significant threats to seagrass
meadows in Britain (Jackson et al., 2013; Jones and Unsworth, 2016). A recent study from the Blue
Marine Foundation, Project Seagrass and Surfers Against Sewage assessed the elemental tissue of Z
marina in 46 sites and Z. noltii in 16 sites around the UK coastline. Average elemental nitrogen and
phosphate in the seagrass was found to above the global average in 30 sites and 16 sites across the
UK, respectively (Unsworth et al., 2024). This followed Natural England’s report which found extreme
nutrient enrichment of Z. noltii on the East Coast of England compared to global averages (Fox et al.,
2024). However, further research into the direct impacts of water pollutant on seagrass is needed
(Unsworth et al., 2024).

Nutrient enrichment typically arises from agricultural run-off and wastewater treatment discharges
(Nie et al., 2018; Aniebone et al., 2024). Nutrients are essential elements for seagrass and are typically
limiting factors on productivity in coastal ecosystems. As such, moderate increases are associated with
increased seagrass growth (Jiménez-Ramos et al., 2022). However, elevated levels can limit seagrass
primary productivity via two means. Firstly, by stimulating phytoplankton and ephemeral algal growth
and increasing water turbidity, which singly or combined can result in reduced underwater irradiance
that supresses the photosynthetic rate of seagrass. Secondly, high nutrient levels can result in direct
toxicity (Brun et al.,, 2002; 2008; Moreno-Marin et al., 2016). Laboratory studies have observed
declines in Zostera spp. due to the effect of the nitrate (Burkholder et al. 1992; 1994) and ammonium
(van Katwijk et al., 1997). The toxicity mechanisms are not fully understood (Brun et al., 2008). Yet,
previous research on toxicity mechanisms in similar plants identify a combination of physiological
processes (Brun et al.,, 2008), including ammonia molecules causing the uncoupling of the ATP
production during photosynthetic electron transport (Goyal et al. 1982; Marschner, 1995), the
increase of intracellular inorganic anions (e.g., phosphate) resulting in the intracellular depletion of
essential cations (e.g., potassium) (Kirkby, 1968; van Katwijk et al. 1997) and higher energetic
expenditure associated with pumping out intracellular ammonia (Britto et al., 2001).

To assess the habitat suitability of water quality for seagrass, it is crucial to investigate different
nutrients and wider environmental conditions in combination (Preston et al., 2021). Nutrients interact
in the water column and seagrass nutrient levels depend on the availability and interactions between
different nutrients (Touchette and Burkholder, 2000). For instance, Zostera spp. are able to utilise
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nitrogen as nitrate and ammonium, in contrast to some terrestrial plants (Tennant, 2006). Seagrasses
normally exhibit greater uptake of ammonium, since nitrate uptake requires more energy expenditure
(Jiménez -Ramos et al., 2022). When ammonia (NHs) dissolves in water, some converts to ammonium
ions (NH4). The proportion of ammonia converted to ammonium is dependent on environmental
conditions, e.g., temperature and pH (Bower and Bidwell, 1978). In seawater (with a typical pH of 8.1),
the majority of total ammonia will be in the form of ammonium (Bell et al., 2007). Moreover,
photosynthetic organisms need both nitrogen and phosphate, though uptake of nitrogen is affected
by the availability of phosphorous (Tennant, 2006). Short (1983) reported Z. marina tissues contain
N/P ratio of 23:1, with ambient environment N/P ratios ideally reflecting the Redfield ratio (16:1). N/P
ratios below 5:1 are shown to limit Z. marina (Thom and Albright, 1990; Murray et al., 1992).
Consequently, phosphate deficiency has been found to increase the vulnerability of Z noltii to
elevated levels of ammonium (Brun et al., 2008). Likewise, environmental conditions can exacerbate
or mediate the effects of nutrient levels (Alexandre et al., 2020; Jiang et al., 2024). For instance, van
Katwijk et al. (1997) found ammonium toxicity in Z. marina was greatest at higher temperatures,
attributed to increased metabolic activity in warmer conditions. van Katwijk et al. (1999) observed
that the effects of nitrate, ammonium and phosphate enrichment on Z. marina varied with the salinity
of ambient water. As with nutrient concentrations, seagrass species will have tolerance thresholds for
pH, salinity and temperature and ranges within which their growth is optimised. However, this is
dependent on species acclimatisation to localised conditions and site-specific environmental factors,
which necessitates site-by-site investigations to determine the habitat suitability for seagrass
restoration (Lee et al., 2007; Nejrup and Pedersen, 2008; Gamble et al., 2021).

1.2.4 Local Water Quality Concerns

There is little evidence of previous water quality testing within the area of the NWWT’s PRA and
surrounding seagrass beds. Figure 1 shows the nearest locations sampled regularly by the
Environment Agency (EA). The sampling point Poaka (Mill) Beck into Cavendish Dock (NW-88004904)
presents the nearest EA sampling location, with annual readings for various nutrient and
physiochemical variables (EA, 2024). Sampling closer to the PRA and existing seagrass meadows is
necessary for more detailed analysis of water quality.

There are several potential pollution sources feeding into the site that may be of concern (Figure 1).
A particular concern is the storm outflow from Barrow-in-Furness Wastewater Treatment Works
(BWWTW): regular reviews of the United Utilities’ (2024) online Storm Overlap Map suggests this
storm outflow is occasionally discharging directly into the PRA.
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Barrow-in-Furness
Wastewater Treatment
Works (BWWTW) Storm
Tank Overflow

Gas terminal (known as
Roosecote Gas
Terminal and Rampside
Gas Terminal and more
recently as North
Morecambe Terminal)

Agricultural fields to the
land east of the PRA and
existing seagrass beds

Outflow from Cavendish
Dock
Key
[ 1 PRA 2023
[ | Seagrass extent 2023

@ EA sampling points (approximate)
OpenStreetMap

Figure 1. Map showing the study area, including the potential restoration area (PRA) and seagrass extent (based on the NWWT'’s 2023 extent surveys), with potential pollution sources and EA
water quality sampling points highlighted; the EA sampling point labelled 1 is known as Poaka Beck (Mill) into Cavendish Dock.
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2. Aims and Objectives

2.1 Aims
This project aims to:

Investigate the feasibility of carrying out a water quality assessment to inform the NWWT'’s
approach to seagrass restoration.

Conduct pilot assessments to evaluate different methods for conducting a water quality
assessment of the PRA and existing seagrass beds.

Analyse results from these pilot assessments to evaluate if further water quality assessments
would be worthwhile.

Provide recommendations for future water quality assessments in relation to the NWWT’s
seagrass restoration project.

2.2 Objectives
To achieve these aims, the following objectives were set:

Conduct pilot assessments to develop a method for assessing water quality within the existing
seagrass beds, PRA and relevant freshwater inflows feeding into these sites.

Compare the results for between the existing seagrass beds and PRA from the pilot
assessments to identify any indications of differences between the two sites.

Analyse the results from the pilot assessments to determine if there are any indications that
further water quality assessments would be appropriate to inform restoration efforts.

Utilise these findings to provide recommendations for future monitoring of water quality.
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3. Methods

3.1 Pre-Sampling Test

The proposed method was to collect water samples, then conduct the tests to quantify the water
quality parameters the following day. This was intended to optimise the sampling effort, thereby
allowing for a larger sample size and more robust results. However, a literature review found that the
accuracy of water quality readings may be affected by storing samples overnight (Gardolinski et al.,
2001; Reed et al., 2023). Thus, a pre-sampling test was conducted to determine the effect of storing
the samples.

3.1.1 Pre-Sampling Test: Method

Samples were collected from the freshwater inflows and seawater pools within the vicinity of the
existing seagrass beds at low tide. The samples were filtered immediately after collection and
ammonia (NHs/NH,*), nitrate (NOs’) and phosphate (PO4>) concentrations were tested immediately at
the shore with the HI-784 Marine Ammonia Checker, HI-782 Marine Nitrate Checker for Marine and
the HI-713 Phosphate Checker, respectively. The samples were transported to the storage facility
(within approximately 1-2 hours) and stored in a refrigerated for approximately 12 hours. Thereafter,
ammonia, nitrate and phosphate concentrations were retested using the same process. Refrigeration
is used because cooler temperatures reduce microbial activity, resulting in slower nutrient
degradation: this should minimise the change in nutrient concentrations overtime (Kirkwood, 1996;
Lloyd et al., 2022).

3.1.2 Pre-Sampling Test: Results
The results indicated the difference between the readings taken pre- and post-storage was within or
close to the accuracy range of the given meter used. Hence, it was determined samples could be
collected then tested the next day.

3.2 Pilot Water Quality Assessments

3.2.1 Sample Strategy
Two pilot assessments were undertaken and compared to evaluate the most effective method.

The first was a watercraft-based assessment: water samples were collected from kayaks or
paddleboards. This allowed samples to be collected directly from over the PRA and existing seagrass
beds. A shore-based assessment was also conducted: water samples were collected from the shore.
Although samples were not collected directly from within the PRA or over the existing seagrass beds,
the shore-based method was proposed as a simpler, faster and safer approach. Table 2 and 3 detail
the equipment used.
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Table 2. Equipment list of equipment used for both assessments.

Equipment Reason for use

1 x container (i.e., clean glass jar) for each sample To collect water samples

1 x Garmin GPS device per team of samplers To record location of sampling point

HI-784 Marine Ammonia Checker To test ammonia concentration of samples

HI-782 Nitrate High Range Checker for Marine To test nitrate concentration of samples

HI-781 Handheld Colorimeter Marine Nitrate LR To test nitrate concentration of samples

HI-713 Handheld Colorimeter Phosphate Low Range | To test phosphate concentration of samples

HI-98319 Marine Waterproof Salinity Tester To test salinity concentration of samples and
temperature at the sampling point

Thermoscientific Waterproof ELITE PCTS To test pH samples and temperature at the
sampling point

10 x filter funnels

1 x filter paper sheet per sample (> 10 um particle | To filter samples

retention, Stonylab Quantitative Filter Paper

1 x container to filter into/from for each sample

Table 3. Additional equipment required for the watercraft-based assessment.

Equipment Reason for use

1 x kayak/paddle-board per sampler To access the marine sampling points
PPE for each sampler onboard watercraft (buoyancy | For the health and safety of the samplers
aids, wet suits, etc.)

In each case, samples were taken to represent water quality conditions within the PRA, the existing
seagrass beds and freshwater inflows. Samples were taken from the existing seagrass beds to allow
for a comparison with conditions within the PRA, and determine any difference between the two
which may indicate why the PRA currently exhibits less extensive seagrass growth and, thus, why PRA
may be unsuitable for seagrass restoration. Two existing seagrass beds were selected for sampling.
Roosecote Sands seagrass bed (RS) was selected because it is the existing seagrass bed closest to the
PRA. Concle Bank seagrass bed (CB) was sampled to act as an additional control: it is southward of the
spit and, therefore, may not be so significantly affected by the freshwater inflows identified as
potential pollution sources for the PRA (Figure 2).

Four sampling points were selected for each sampling area (i.e., PRA, RS and CS). This was deemed the
maximum that could feasibly be sampled and then tested within 24 hours of sampling. The
colorimetric tests used to determine the nutrient concentrations rely on time-dependent reactions to
qguantify the nutrient concentrations. For each sample, the test for ammonia, nitrate and phosphate
had a reaction time of 15 minutes, 8 minutes or 7 minutes and 3 minutes, respectively, with additional
time required for setting up the tests (see section 3.2.3). A total of 12 tests plus 2 control tests was
estimated to take at least 7 hours (one working day).

Figure 2 shows the sample collection points from for each pilot assessment. The freshwater sampling
points were the same for both surveys and samples from these sites were collected on foot. In each
case, one sample was collected from each sampling point.
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Key
Shore-based assessment sampling points
@ For Concle Bank seagrass bed
(SCB, labelled 1 to 4)
e For Roosecote Sands seagrass bed
(SRS, labelled 1 to 4)
e For the potential restoration area
(SPRA, labelled 1 to 4)

Watercraft-based assessment sampling points
A For Concle Bank seagrass bed
(SCB, labelled 1 to 4)
A For Roosecote Sands seagrass bed
“ (SRS, labelled 1 to 4)
- A For the potential restoration area
(SPRA, labelled 1 to 4)

" 2 || Potential restoration area
- [ ] Seagrass extent 2023

""" m  Freshwater sampling points
(F, labelled 1 to 4)

~ OpenStreetMap

1

PRA — Potential restoration area
RS — Roosecote Sands seagrass bed
CB - Concle Bank seagrass bed

/‘ White labels identify the marine sampling areas:

Figure 2. Sampling plan with sampling points for the shore-based and watercraft-based assessments.
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For the watercraft-based sampling, the marine sampling points were predetermined using QGIS. To
minimise the confounding effect of having sampling areas of different sizes, a standardised sampling
area of 90,000 m? was drawn within the extent of the PRA, RS and CB. Four randomised sampling
points within these sampling areas were generated in QGIS. These points were found on site using the
MerginMaps mobile phone app and Garmin GPS devices.

For the shore-based sampling, marine sampling points were taken from the shore adjacent to the
sampling areas: PRA, RS and CB. A main goal of this pilot assessment was to determine safe access
points to collect marine water samples from the shore. Hence, approximate sampling points were
selected prior to surveying; then, the locations of the sampling points were finalised in the field and
recorded using the Garmin GPS devices for future reference.

Watercraft-based Assessment

Samples for the watercraft-based assessment were collected on September 29t 2024 (high water at
10:29 am, 7.77 metres). For several days prior to this, United Utilities (2024) was reporting that the
storm outflow had not be discharging. For the watercraft-based assessment, three surveyors collected
the marine samples (working in two teams), with a land-based observer acting as safety cover. Team
1 collected samples from all the sampling points for the PRA and CB3 and Team 2 collected the
sampling points for RS and the remaining CB sampling points (Figure 2). The marine water samples
were collected during the two hours around high tide. A date close to the neap tide was selected for
the watercraft-based assessment as it was thought this would make for calmer sea conditions. Also,
neap tides theoretically present a ‘worst case scenario’ where there is less tidal influence affecting
pollutants flowing into the estuary from freshwater inflows, resulting in a lower dilution factor (Cereja
et al., 2022). After the marine samples had been collected, the freshwater samples were collected on
foot by approach points from the shore (approximately 1-2 hours after high tide).

Shore-based Assessment

Samples for the shore-based assessment were collected on October 29t 2024 (high water at 09:32
am, 8.12 meters). United Utilities (2024) was reporting that the storm outflow had been discharging
for a at least 10 hours prior to this. For the shore-based assessment, four surveyors collected the
marine samples (working in two teams). Team 1 collected the samples from the sampling points for
PRA and RS in addition to collecting the samples from freshwater sampling points 1,2 and 3 (F1, F2
and F3) (Figure 2). Team 2 collected the samples from the sampling points for CB and freshwater
sampling point 4 (F4) (Figure 2). All samples were collected between 09:30 and 11:30 (the two hours
after high tide).

3.2.2 Sampling Procedure

For each marine sampling point, the approximate locations of where the sample was collected was
recorded using a Garmin GPS device or the MerginMaps App. This may have deferred slightly from the
planned sampling points, e.g., due to drift on the watercraft whilst collecting or if points were changed
when on site to more accessible locations. For the watercraft-based assessment, the surface water
temperature of all sampling points was tested using the HI-98319 Marine Waterproof Salinity Tester
or Thermoscientific Waterproof ELITE PCTS. (This equipment was not available to test salinity and
temperature for the shore-based assessment).

For all sampling points, the water sample (approximately 300 ml) was collected in a clean glass jar.
Marine samples were taken from the greatest depth the surveyor could safely reach, in an attempt to
collect water that is most representative of the conditions for seagrass rooted on the seabed. Before
collecting the sample, the jar was rinsed several times with the water from the water body which was
being sampled. Jars were labelled and wrapped in a protective layer (i.e., a sock) to prevent breakages.

11
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As soon as possible after collection (i.e., after collecting all the samples), the samples were filtered
using filter paper (> 10 um particle retention, Stonylab Quantitative Filter Paper) and funnels. Filtering
was undertaken to minimise the likelihood of silt or other particles affecting the colorimetric tests for
determining nutrient concentrations. The samples were transported to the storage facility (within
approximately 1-2 hours), refrigerated overnight (for approximately 12 hours) and tested the
following day.

3.2.3 Testing Water Quality Parameters

The samples were mixed before testing and the readings were recorded when the given meter had
stabilised. At least two blank controls were tested with each set of samples (i.e., the samples from the
watercraft-based and shore-based assessment, respectively) as a quality control measure to identify
sample contamination or other methodological inaccuracies. Deionised water was used for these
analytical blanks. The lower Limit of Detection (LOD) for the nutrient colorimeters was taken as the
accuracy range of the given meter based on the manufacturer’s handbook (Appendix 1), given no
standard solutions were available to verify the nutrient responses at lower concentrations. For
example, for the phosphate colorimeters’ accuracy range is £0.04 ppm, thus the LOD was taken as
0.04 ppm and any readings <0.04 were recorded as 0 ppm.

The pH of each water sample was tested using a calibrated Thermoscientific Waterproof ELITE PCTS
pH/Conductivity/TDS/Salinity/Temp Meter with ATC. The salinity was tested using a calibrated HI-
98319 Marine Waterproof Salinity Tester for samples from watercraft-based assessment. (The salinity
tester was unavailable for testing samples from the shore-based assessment.)

All marine samples were tested for ammonia, nitrate and phosphate. The ammonia and nitrate
checkers were not applicable to freshwater conditions, so the freshwater samples were only tested
for phosphate. Nutrient concentrations were determined using Hanna Instruments colorimetric
checkers, as per the manufacturer’s instructions. Ammonia (including ammonium, NHs3/NH*)
concentration was tested using the HI-784 Marine Ammonia Checker. Phosphate (PO,*) concentration
was tested using the H1713 Handheld Colorimeter Phosphate Low Range. In trials, the HI-782 Nitrate
High Range Checker for Marine only gave zero readings, within its accuracy range (2.0 ppm).
Therefore, the nitrate (NOs) concentrations of the samples from the pilot assessments were tested
using the HI-781 Handheld Colorimeter Marine Nitrate LR (with an accuracy range of 0.25 ppm), and
only tested using the HI-782 Nitrate High Range Checker if there were not enough reagents for HI-781
Handheld Colorimeter Marine Nitrate LR or the HI-781 Handheld Colorimeter Marine Nitrate LR gave
persistent error readings.

12
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4. Results
See Appendix 2 for the full results.

4.1 Nutrient Status
Nutrient readings less than or equal to the LOD were taken as 0 ppm.

4.1.1 Phosphate
Figure 3 shows the phosphate concentrations recorded for the marine samples.

For the watercraft-based assessment, the phosphate concentrations recorded for PRA appear to be
higher than that of CB and RS. This is due to two positive readings for PRA (0.07 ppm PO4and 0.05
ppm PO,) with only zero readings recorded for CB and RS.

Likewise, for the shore-based assessment the phosphate concentrations recorded for PRA appear
higher than that of CB and RS. The PRA samples gave three positive readings (0.2 ppm PO4, 0.13 ppm
PO, and 0.08 ppm PQ4). RS also gave two positive readings, though within a slightly lower range (0.06
ppm POsand 0.12 ppm PQ,). Only zero readings were recorded for CB.

Comparing the two assessments overall, the average readings for all marine samples is greater for the
shore-based assessment (0.05 ppm PO4) than the watercraft-based assessment (0.00 pm PQO,).
Samples from the shore-based assessment gave five positive readings for phosphate, whereas the
watercraft-based assessment only have two positive readings. Also, the average readings for the
shore-based assessment are higher for PRA (0.1 ppm PO,) and RS (0.045 ppm PQ,) than for the
watercraft-based assessment (0.03 ppm POsand 0 ppm PO, for PRA and RS, respectively).
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Figure 3. Phosphate concentrations recorded for the marine samples collected during the watercraft-based and shore-based
assessment for the potential restoration area (PRA) and existing seagrass beds: Roosecote Sands (RS) and Concle Bank (CB).

Figure 4 shows the phosphate concentrations recorded from the freshwater samples in relation to the
Water Framework Directive (WFD) status thresholds for freshwater samples (WFD, 2000). For both
assessments the freshwater samples show a similar pattern. The F1 samples from each assessment
read as O ppm PO,. The F2 samples are good or moderate based on the WFD status thresholds in both
cases (0.09 ppm PO, for watercraft-based assessment and 0.13 ppm PO, for shore-based assessment).
The F3 samples gave the highest readings for the watercraft-based assessment (1.06 ppm POQ.) and
shore-based assessment (0.43 ppm PQ4), both being within the range of poor status. The F4 samples
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gave lower readings than the F3 samples for both assessments, though both are still in the range of
poor status (0.27 ppm POsand 0.33 ppm PO, for the watercraft-based and shore-based assessment,
respectively). The F3 sample from the watercraft-based assessment gave a markedly higher reading
than that of any other sample (1.06 ppm PQ,), almost reaching the range of bad status.
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Figure 4. Phosphate concentrations recorded from the freshwater samples collected during the watercraft-based and shore-
based assessment, in relation to the Water Framework Directive (WFD) status thresholds for surface freshwater bodies
(WFD, 2000).

Figure 5 shows the spatial distribution of the phosphate concentrations recorded for the samples from
(a) the watercraft-based and (b) the shore-based assessments. The path of the outflow channel is
based on a digital elevation model (DEM) (Ladd, C., personal communication, 2024).

For the watercraft-based assessment, the phosphate concentrations of the marine samples appear
relatively consistent across all three sample areas, with only one slightly higher phosphate reading
highlighted within PRA (PRA 1 reading 0.07 ppm PQ,). This is distant from the two high phosphate
readings from the freshwater outflows, F3 and F4, on the east shore of the sampling areas (F3 reading
1.06 ppm PO4 and F4 reading 0.27 ppm PO4). The marine samples closet to the outflow channels of
these two freshwater inputs sampled (RS 4 and RS 3) are not higher than more distant marine sample
readings.

For the shore-based assessment, the phosphate concentrations of the marine samples appear more
variable due to the higher readings around the PRA (SPRA 1, SPRA 2 and SPRA 4) and two higher
readings taken for RS (SRS 4 and SRS 1 reading). Again, the freshwater outflows F3 and F4 gave the
highest readings (0.43 ppm PO, and 0.33 PQ,, respectively). The marine samples closet to these
freshwater outflows (SPRA 1 and SRS 4) gave high phosphate readings relative to the rest of the marine
samples (0.2 ppm POsand 0.12 ppm PO, for SPRA 1 and SRS 4, respectively). The reading for the
freshwater inflow feeding from the BWWTW storm discharge (F2) was slightly higher for the shore-
based assessment than the watercraft-based assessment (0.13 ppm PO, compared to 0.09 ppm PQOy,),
though this is within the accuracy range of the phosphate meter (0.04 ppm). The one other higher
marine sample (SPRA 4 reading 0.13 ppm PQ,) is closest to F2.
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Figure 5. Spatial distribution of the phosphate concentrations recorded for the samples collected during the (a) watercraft-
based assessment and (b) shore-based assessment, with labels naming each of the four sampling points for each sampling
area.

15



North West Marine Futures Internship

4.1.2 Ammonia
Figure 6 shows the ammonia concentrations recorded for the marine samples.

For the watercraft-based assessment, the ammonia concentrations determined for the PRA and CB
samples are similar, with almost equal ranges (of 0.09 ppm NHs/NHs; and 0.08 ppm NH3/NH,,
respectively) and averages (means of 0.06 ppm NH3/NH; and 0.04 ppm NH3/NH,, respectively). The
ammonia concentrations of RS samples appear to be slightly higher, with a greater average (mean of
0.19 ppm NHs/NH4*) and greater variability (with a range of 0.25 ppm NHs/NH,), due to two samples
with uniquely high ammonia concentrations (0.32 ppm NH3/NHsand 0.28 ppm NH3/NHa).

For the shore-based assessment, the ammonia concentration determined for the PRA samples have a
much greater range than the CB and RS samples, due to two high readings (0.37 ppm NH3/NH;and
1.29 ppm NH3/NH4); one of which is ten times greater than the highest readings for the CB and RS
samples (i.e., 1.29 ppm NH3/NHa).

Comparing the two assessments, the results show an inconsistent pattern. For the shore-based
assessment, the PRA samples gave much more variable and some markedly higher readings than the
lower readings for the PRA samples from the watercraft-based assessment. The RS samples gave the
highest readings for the shore-based assessment and lower readings than the PRA samples for the
watercraft-based assessment. Yet, the CB samples are similar and consistently low for both
assessments.
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Figure 6. Ammonia concentrations recorded for the marine samples collected during the watercraft-based and shore-based
assessment from the potential restoration area (PRA) and existing seagrass beds: Roosecote Sands (RS) and Concle Bank
(cB).

Figure 7 shows the spatial distribution of the ammonia concentrations recorded for the samples from
the watercraft-based assessment and the shore-based assessment.

For the watercraft-based assessment, the ammonia concentrations of marine samples within PRA and
CB are relatively consistent and low (ranging from 0 ppm to 0.9 ppm NHs/NH;). The two higher
ammonia readings from within RS (RS 3 reading 0.28 ppm NHs/NH4; and RS 4 reading 0.32 ppm
NHs/NH,) are close to the freshwater outflow channel sampled at F4. However, sampling point RS 4 is
close to this outflow channel (being further inshore) and gave a lower ammonia reading (0.07 ppm
NH3/NHa,).

For the shore-based assessment, the ammonia concentrations of the marine samples appear more
variable. The highest readings are from the samples clustered together adjacent to the PRA, opposite
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the gas terminal (SPRA 2 reading 0.15 ppm NHs/NH4, SPRA 3 reading 0.37 ppm NH3/NH; and SPRA 1
reading 1.29 ppm NHs3/NH,). The two RS samples that gave slightly higher ammonia concentrations
(SRS 1 and SRS 4 reading 0.11 ppm NHs/NH,, respectively) are not clustered together and the RS
sample between these samples (SRS 2) gave a zero reading.
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Figure 7. Spatial distribution of the ammonia concentrations recorded for the samples collected during the (a) watercraft-
based assessment and (b) shore-based assessment, with labels naming each of the sampling points for each sampling area.
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4.1.3 Nitrate

For the watercraft-based assessment, all marine samples were tested with the HI-781 Handheld
Colorimeter Marine Nitrate LR Checker (accuracy range of 0.25 ppm) and all results were below the
LOD (<0.25 ppm).

For the shore-based assessment, all RS and CB samples were tested with the HI-782 Nitrate High Range
Checker for Marine (accuracy range of 2.00 pm) and all these readings were below the LOD (<2.00
ppm). For the shore-based assessment, all PRA samples were tested with the HI-781 Handheld
Colorimeter Marine Nitrate LR, with positive results (above the LOD). Given different meters were
used with different LODs for RS and CB samples from the watercraft-based and shore-based
assessments, respectively, only the PRA samples can be used for comparison.

Figure 8 shows the nitrate concentrations recorded for the PRA samples. The results show higher
phosphate readings for the shore-based assessment than the watercraft-based assessment: for the
latter all PRA samples gave zero readings, whilst samples from shore-based assessment gave three
positive results (0.33 ppm NOs3, 0.57 ppm NOs and 0.95 ppm NOs).
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Figure 8. Nitrate concentrations recorded for the marine samples collected during the watercraft-based and shore-based
assessment from the potential restoration area (PRA).

Figure 9 shows the spatial distribution of the nitrate concentrations recorded for the PRA samples
from the watercraft-based assessment and the shore-based assessment. For the watercraft-based
assessment, the PRA samples consistently gave zero readings. For the shore-based assessment, the
highest nitrate reading (0.95 ppm NOs) was from SPRA 4, the sampling point closest to F2. The two
other positive nitrate readings are on the east shore (SPRA 3 and SPRA 1), closer to the outflow from
the gas terminal (F3). However, between the sample point between these two high readings gave a
zero reading (SPRA 2).
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Figure 9. Spatial distribution of the nitrate concentrations recorded for the samples collected during the (a) watercraft-based

assessment and (b) shore-based assessment, with labels naming each of the sampling points for each sampling area.
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4.2 Physio-Chemical Status

4.2.1 pH
Figure 10 shows the pH recorded for the marine samples. Comparing the watercraft-based assessment
and the shore-based assessment results, the readings appear relatively consistent for each sampling
area. In both cases, the pH values recorded for the PRA samples appear to be higher, more variable
and exhibit no overlap with the pH values for the CB and RS samples. Overall, the pH values of all the
marine samples range from pH 7.9 to 8.59.
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Figure 10. pH readings recorded for the marine samples collected during the watercraft-based and shore-based assessment
from the potential restoration area (PRA) and existing seagrass beds: Roosecote Sands (RS) and Concle Bank (CB).

Figure 11 shows the pH recorded for all the freshwater samples are similar and within the range of
good status based on the WFD (2000) thresholds.
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Figure 11. pH readings recorded for the freshwater samples taken during the watercraft-based and shore-based assessment
with the green lines showing the Water Framework Directive (WFD) status threshold for high/good status (i.e., pH 6-9).
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4.2.2 Salinity

Salinity was only sampled for the watercraft-based assessment (Figure 12). For this assessment, the
sodium chloride concentration recorded for the marine samples are similar across all three sites, with
near-equal averages (of 35.3 ppt, 35.5 ppt and 35.4 ppt for PRA, CB and RS samples respectively).
Overall, the sodium chloride readings range from 34.7 ppt to 36.2 ppt.
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Figure 12. Salinity recorded for the marine samples collected during the watercraft-based assessment from the potential
restoration area (PRA) and existing seagrass beds: Roosecote Sands (RS) and Concle Bank (CB).

The freshwater samples gave low sodium chloride readings (< 2.55 ppt) (Figure 13). These readings
are relatively consistent (with a range of 2.15 ppt), though the reading from F4 (0.04 ppt) was
noticeably less saline the other sampling points (recorded as 2.55 ppt, 1.77 ppt and 2.56 ppt for F1, F2
and F3, respectively).
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Figure 13. Salinity recorded for the freshwater samples collected during the watercraft-based assessment.
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4.2.3 Temperature

Temperature was only sampled for the watercraft-based assessment (Figure 14). The surface water
temperatures recorded for the PRA samples appear to be slightly lower (mean of 12°C) and more
variable (range of 2°C), than that of the CB samples (mean of 12.52°C, range of 0.3°C) and the RS
samples (mean of 12.35°C, range of 0.8°C). Overall, the temperatures recorded for all the marine
samples are relatively consistent, only ranging by 2°C.
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Figure 14. Sea surface temperature recorded for the marine samples collected during the watercraft-based assessment from
the potential restoration area (PRA) and existing seagrass beds: Roosecote Sands (RS) and Concle Bank (CB).

The surface water temperatures recorded from the freshwater samples ranged by 1.3°C (Figure 15).
The highest temperature was recorded at F4 (13.5°C) and the lowest freshwater temperature was
recorded at F1 (12.4°C).
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Figure 15. Water surface temperature recorded for the freshwater samples collected during the watercraft-based
assessment.
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5. Discussion

5.1 Study Limitations

Given the low sample size for the pilot assessments, the results do not provide strong evidence of the
extent of nutrient pollution within the PRA or existing seagrass beds. Also, the lack of standard
solutions to verify the precision, accuracy and LOD of the colorimeters limits the robustness of the
nutrient results. Acknowledging these limitations, the results are analysed to identify indications of
pollution that would justify further assessments and to provide recommendations for future
assessments.

The filtering process employed could have affected the nutrient test results. Reed et al. (2023) tested
ammonium (NH4*) and orthophosphate (ortho-P) concentrations of water samples filtered with filter
paper of three different sizes: 0.22, 0.45, and 0.70 um. Reed et al. (2023) found no predictable
direction of change in nutrient concentration between the different pore sizes or overtime. They
recommend filtering water samples with 0.22 um filter paper immediately upon collection to extract
microorganisms from the sample that may uptake nutrients. Samples collected for the pilot
assessments were filtered with 10 um filter paper, with up to 2 hours between sample collection and
filtering. Although immediate filtering of samples was not considered feasible, further investigation
into the effect of filter pore size could increase the accuracy of results.

When testing the samples from both assessments, the ammonia checker gave a positive reading above
the accuracy range (+0.05 ppm) for one blank control, i.e., an analytical blank of deionized water read
0.08 ppm NHs/NH; and 0.06 ppm NHs/NH, for the shore-based and watercraft-based assessment,
respectively. The ammonia results from the samples were accepted, since these control readings are
only slightly above the accuracy range of the meter and the other blank controls gave readings below
the accuracy range. However, this could indicate a slight methodological error that may have affected
the sample results.

With only marine ammonia and nitrate checkers available, the freshwater samples could not be tested
for these nutrients. Hence, the results cannot provide an indication if the freshwater inputs to the site
are sources of ammonia and nitrate.

It was challenging to determine specific nutrient thresholds that would cause concern for seagrass
restoration, given the limited literature on seagrass nutrient tolerances. Available literature generally
relies on laboratory exposure tests to determine thresholds of Z. noltii tolerance that are not directly
comparable to ex situ conditions (Brun et al., 2002; 2008; Burkholder et al. 1992, 1994; van Katwijk et
al.,, 1997). The EA only gives thresholds for selected nutrients in specific types of water bodies for
determining water quality status (Bilous, Environment Agency, personal communication, 2024). These
specific thresholds are used for comparison with the results where possible. However, Unsworth et
al. (2024) recently found current water quality thresholds employed by statutory regulators
insufficiently assessed water quality in terms of habitat suitability for seagrass growth in the UK.
Moreover, various institutions present varying recommended nutrient thresholds for indication of
water quality status. Ultimately, determining nutrient thresholds to indicate water quality status is
complex, given these are dependent on the ambient conditions and limited by the available literature
on species-specific responses (Johnson et al., 2007; Batley and Simpson, 2009).
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5.2 Justification for Further Assessments

Testing the PRA samples from the watercraft-based assessment and shore-based assessment gave
positive readings for phosphate, higher than the averages from RS and CB in both cases. This may
indicate elevated phosphate levels in the PRA compared to the neighbouring seagrass beds. The
reported thresholds for excess phosphorous vary and are affected by salinity (EPA, 2016). The salinity
results for all three marine sampling areas (averages of 35.3 ppt, 35.4 ppt and 35.5 ppt for the PRA,
RS and CB, respectively) indicate typical seawater conditions; salinities of UK shelf seas are reported
between 34 to 35 ppt (Huthnance, 2010). The EPA (2016) for Ireland suggests a threshold of 0.04 ppm
of phosphorous to indicate excess levels for full salinity waters. In both assessments, phosphate results
are higher than this threshold: two readings for the PRA from the watercraft-based assessment
samples (0.07 ppm PO4 and 0.05 ppm PQO,) and three readings for the PRA from the shore-based
assessment (0.13 ppm, 0.08 ppm POsand 0.2 ppm PO,) alongside two readings for the RS from the
shore-based assessment (0.06 ppm POsand 0.12 ppm PO,). Therefore, these results indicate the PRA
and neighbouring bed, RS, could be affected by phosphate pollution.

Higher readings from the PRA than the RS and CB from both assessments suggests the PRA is more
affected by excessive phosphate levels than the neighbouring seagrass beds. This is expected to be
due to the closer proximity of the PRA to storm discharge outflow from BWWTW (sampled at F2),
given sewage effluent is a main source of phosphorous pollution (EA, 2019). As such, the average
phosphate readings for PRA and RS were greater for the watercraft-based assessment than the shore-
based assessment. The BWWTW storm outflow had been discharging for at least 10 hours previous to
the shore-based assessment, though was not discharging for at least a few days prior to the
watercraft-based assessment. This may indicate the phosphate pollution is arising from the BWWTW
storm outflow. However, the freshwater phosphate readings were within the range of good or
moderate status for freshwater inflow feeding from the storm discharge outflow (F2 samples read
0.09 ppm PO4and 0.13 ppm PO, for the watercraft-based and shore-based assessment, respectively).
This implies sewage effluent BWWTW storm outflow is unlikely to be the major source of phosphate
pollution. Elevated freshwater phosphate readings were only recorded for the sampling points F3 and
F4 indicating poor status (F3 read 1.06 ppm POsand 0.43 ppm PQa, whilst F4 read 0.27 POsand 0.33
PO, for the watercraft-based and shore-based assessment, respectively). For the shore-based
assessment, the marine samples closest to these freshwater outflows (SPRA 1 and SRS 4) gave higher
phosphate readings relative to the rest of the marine samples, which could suggest F3 and F4
freshwater inflows are sources of high phosphate levels. Further investigation is required to determine
potential sources of phosphate feeding into these freshwater outflows. The available information
suggests the gas terminal on the east side of the marine sampling areas is still partly operational in
some capacity (Heywood et al., 2020; Cavéi¢, 2023). Wastewater for gas processing is reported to
constitute chemicals containing phosphorous and nitrogen in varying forms, though potentially not in
molecules that would be detectable by the nutrient meters used (Pichtel, 2016). The surrounding
agricultural fields are potentially a more likely source: fertiliser application and livestock defecation
are a recognised contributor to freshwater phosphorous enrichment in the UK (EA, 2019). Another
potential source is a large gull colony near the gas terminal reported to be occupying a now unused
fenced area and benefiting from the reduced predator exposure (Browning, L., Natural England,
personal communications, 2024). Several studies evidence that guano from seabird colonies is a
significant source of nutrients (Gould and Fletcher, 1978; de la Pefia-Lastra et al., 2021; He et al., 2024).

The nitrogen results present less clear findings. For the watercraft-based assessment, the ammonia
results indicate ammonia levels were relatively consistent across the PRA and CB, being slightly higher
within RS (with averages of 0.06 ppm NHs/NH4, 0.04 ppm NH3/NH; and 0.19 ppm NHs/NH,,
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respectively). For the shore-based assessment, readings suggest ammonia levels are higher and more
variable within the PRA than RS or CB due to two high readings for PRA (0.37 ppm NHs/NHsand 1.29
ppm NHs3/NH4). The nitrate results presented for the PRA samples indicate higher nitrate
concentrations for the shore-based assessment (ranging from 0-0.95 ppm NOs) than for the
watercraft-based assessment (all samples read 0 ppm NOs). Ammonia toxicity is generally reported in
marine animal species around 0-09-3-35 ppm NHj3, which is roughly comparable to freshwater species
(Eddy, 2005). The UK Technical Advisory Group (UK TAG) for the WFD proposed a threshold for
dissolved inorganic nitrogen (including ammonia and nitrate) in coastal waters (salinity 30-34.5 ppt)
for good to moderate status as 13 micromoles per liter (equivalent to 0.221 ppm) (UK TAG WFD, 2008).
The positive readings from the watercraft-based assessment are at the lower end of these proposed
thresholds (at 0.07 ppm NH3/NH4 and 0.09 ppm NHs/NH,4). Yet, compared to these thresholds some
readings from the shore-based assessment appear to be high (at 1.29 ppm NHs/NHa, 0.3 ppm NH3/NH,,
0.95 ppm NOs3, 0.57 ppm NOsz and 0.33 ppm NOs). Hence, the results may indicate elevated levels of
nitrate and ammonia, particularly within the PRA based on the shore-based assessment.

Higher ammonia and nitrate readings were found for samples from the shore-based assessment than
the watercraft-based assessment. This deviation may reflect the fact the BWWTW storm outflow was
discharging for 24 hours previous to the shore-based assessment and not discharging for 24 hours
previous to the watercraft-base assessment. However, there is no clear indications from the spatial
distribution of the nitrate results. For both assessments, the marine sampling points close to the
outflow channels feeding from F3 and F4 appear to exhibit some of the higher ammonia readings.
Also, the highest nitrate reading was taken from the shore-based sampling point closet to Cavendish
Dock (SPRA 4), with the other high nitrate readings closer to the F3 sampling point and separated by
the zero-nitrate reading. Further investigation into the nitrogen status of the freshwater inflows would
be necessary to determine if the storm outflow or other freshwater inflows are sources of nitrogen.

Results for temperature, salinity and pH were within the expected ranges for the marine samples
(Huthnance, 2010; CEFAS, 2018). For the PRA samples the pH readings were slightly higher than the
RS and CB samples, whilst some temperature readings for the PRA were slightly lower. However,
overall, the temperature, pH and salinity were relatively consistent across all three sampling areas
(only ranging by 0.69, 2°C and 1.5 ppt, respectively). Hence, these readings alone do not present clear
indications of pollution affecting the PRA or existing seagrass beds. Given these relatively consistent
results and incomplete datasets for comparisons between the two assessments for salinity and
temperature, the spatial distribution of the pH, salinity and temperature recordings was not presented
for analysis. The high salinity readings increase confidence in the reliability of the nutrient readings:
Gawankar and Masten (2023) showed response of the HI-781 Handheld Colorimeter Marine Nitrate
LR was most accurate at salinity concentrations approximating the average salinity of seawater. The
variation in salinity of freshwater sampling points is likely to reflect the varying extent of seawater
influence at each sampling point. None of the freshwater temperature readings gave markedly high
or low temperatures so do not provide clear evidence of thermal pollution. Variation in the freshwater
temperature readings could relate to environmental factors, such as shading, water depths and
current flow at the sampling site (Caissie, 2006).

Overall, the results provide evidence of potentially elevated phosphate levels within the PRA and to a
lesser extent in the neighbouring seagrass beds. Although the ammonia and nitrate readings gave less
clear indications, these results still evidence high levels of nitrogen pollution in the sampling area,
particularly in the PRA. Therefore, further assessment is warranted. Freshwater sampling found
elevated phosphate readings for the stream inflows feeding into the east-side of the marine sampling
areas. In general, higher nutrient levels were recorded for the shore-based assessment than the
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watercraft-based assessment, which is hypothesized to partly reflect the fact the BWWTW storm
outflow was discharging for at least 10 hours previous to the shore-based assessment. Also, the higher
nutrient readings from the PRA samples could reflect its closer proximity to the storm outflow than
the existing seagrass beds. Together, these results highlight some potential pollution sources of
concern for further investigation: the BWWTW storm outflow feeding into the PRA and the gas
terminal, gull colony and agricultural land on the east shore of the marine sampling area.

5.3 Evaluation of the Method

The results from the watercraft-based and shore-based assessment cannot be directly compared to
evaluate if the shore-based samples capture conditions within the PRA and existing beds, since these
assessments were undertaken on different days. Given the spatial and temporal variability of water
quality, even samples simultaneously from the marine sampling area and adjacent shore may not be
directly comparable. Thus, this evaluation is based on the practical feasibility of survey method.

The shore-based method was found to be the most appropriate and is recommended for future
assessments. This approach was more cost-effective than the watercraft-based method, requiring less
time, personnel and equipment. As a minimum, the watercraft-method requires four surveyors on the
water (working in two teams) with two onshore safety cover. The shore-based method only required
four surveyors (working in two teams). The watercraft-based approach is also more dependent on sea
and weather conditions, which significantly reduced the available survey days. Also, being more
efficient, the shore-based method would allow for more samples to be collected in future
assessments, therefore improving the robustness of the findings. A shore-based method for collecting
samples for assessment follows the approach recommended by other Wildlife Trusts (James, C.,
Cornwall Wildlife Trust and Jayes, A., Yorkshire Wildlife Trust, personal communications, 2024).

The sampling points used for the shore-based assessment were found to be safe enough to access.
Hence, these sampling points are recommended for future surveys. Upon arriving at the first sampling
points some were inaccessible at high tide (at a height of 7.77 metres). In future, starting the collection
of shore-based samples approximately one hour from high-tide would allow for easier collection.

6. Summary of Recommendations for Future assessments

- The results of this feasibility study indicate potential evidence of pollution of phosphorus and
nitrogen. Thus, further water quality assessment to inform seagrass restoration efforts is
recommended.

- The shore-based method for collecting samples is more appropriate than the watercraft-based
method, and the shore-based assessment is therefore recommended for a future assessment. A
trial of collecting shore-based samples from approximately one hour after high tide is
recommended for easier accessibility to the sampling points.

- For more reliable results that more accurately capture spatial and temporal variability in water
quality, future monitoring should maximise the number of samples, distribute the samples across
the three sampling areas and increase the regularity of sampling days.

- The pilot assessments found employing point sampling was resource and time intensive, which
limited the number of samples that could be collected. Remote monitoring data loggers (e.g.,
sondes) are recommended to improve the temporal coverage of sampling (Tuna et al., 2013;
Lockridge et al., 2016; Jayes, A., Yorkshire Wildlife Trust, personal communication, 2024), where
budgets permit.
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Using standard solutions to test the colorimeter responses should be used to verify the accuracy
and precision of the readings at different concentration ranges. This is especially recommended
for testing at the lower ranges, which would also allow more reliable LOD to be deciphered (Muir,
M., personal communication, 2024).

Given the results indicate potentially elevated levels of ammonia and nitrate, obtaining meters to
test the freshwater samples for ammonia and nitrate is recommended.

Where the Hanna Instruments colorimeters are used, the samples should be collected and then
tested the following day. To determine the effect of storage time on the results, several samples
should be tested as soon as possible after sampling and then tested again the following day when
all samples are being tested. The difference between the results from the sampling day and the
testing day for the same samples should be within the accuracy range of the given colorimeter
used to ensure reliable results.

When testing samples the day after collection, it takes approximately 30 minutes to test one
sample for ammonia, nitrate and phosphate using the HI-784 Marine Ammonia Checker, HI-781
Handheld Colorimeter Marine Nitrate LR and H1713 Handheld Colorimeter Phosphate Low Range,
respectively. Hence, 12 marine samples (testing for all three nutrients) and 4 freshwater samples
(testing for phosphate only) can be tested within 1 working day (7 hours). The limiting factor is
the number of colorimeters and the reaction time for each (15 minutes for the HI-784 Marine
Ammonia Checker, 8 minutes for the HI-781 Handheld Colorimeter Marine Nitrate LR, 7 minutes
for the HI-782 Nitrate High Range Checker and 3 minutes for the H1713 Handheld Colorimeter
Phosphate Low Range). Nonetheless, having more than one person for sample preparation and
to conduct the tests is recommended to increase efficiency.

Samples should be filtered as quickly as possible following sampling. Wider literature suggests
using > 10 um particle retention filter paper may affect the accuracy of the nutrient results (Reed
et al., 2023). However, filtering samples with > 10 um particle retention filter paper was found to
be very time-consuming, and using filter paper of a smaller pore size will likely increase the time
spent filtering. Thus, further pilot testing to determine the influence of filtering and storage time
on the samplesis recommended. For example, during each assessment at least one sample should
be filtered and tested immediately and results compared to test results the following day. Again,
difference between these results should be within the accuracy range of the given colorimeter
used to ensure reliable results.

It is recommended to use the HI-781 Handheld Colorimeter Marine Nitrate LR rather than the HI-
782 Nitrate High Range Checker, given the latter gave zero readings for all samples and readings
below the accuracy range of the high range meter (2 ppm) could indicate potentially relevant
levels of nitrate.

For HI-781 Handheld Colorimeter Marine Nitrate LR, methodological difficulties were experienced
with the filtering stage within the test procedure (resulting in error messages). To overcome this,
the filtering would be done very slowly and all equipment must be thoroughly cleared between
each sample.

Future assessment should conduct sampling as regularly as possible, including days when the
BWWTW storm outflow has been recently discharging and when it has not to allow a robust
comparison that would provide better insights into whether the storm discharge is a potential
source of nutrient pollution on the PRA.
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7. Conclusion

This study has investigated the feasibility of carrying out a water quality assessment to inform the
NWWT’s approach to seagrass restoration. Of the two methods trialed through pilot assessments, the
shore-based approach to collecting water samples was found to be more appropriate than the
watercraft-based approach. Testing the water samples from the PRA and neighbouring seagrass beds
indicates evidence of potentially elevated nutrient levels. The results provide evidence of potentially
elevated phosphate levels within the PRA and to a lesser extent in the neighbouring seagrass beds.
Although the ammonia and nitrate readings gave less robust findings, these results still indicate high
nitrogen levels, particularly in the PRA. The results highlight some potential pollution sources of
concern for further investigation: the BWWTW storm outflow feeding into the PRA and the gas
terminal, gull colony and agricultural land on the east shore of the PRA. Therefore, further water
quality assessments are warranted to inform seagrass restortion. Further recommendations on how
these future assessments should be carried out are provided. Key recommendations include
increasing the sample size for greater spatial and temporal coverage of the sampling areas, which
would be made more possible through utilizing the more efficient shore-based sampling approach.

Overall, these findings provide significant insights that can help inform the NWTWW's approach to
seagrass restoration. In turn, this study has also improved the understanding of water quality in the
local area, which has relevance for wider environmental and public health concerns. Ultimately, such
insights on the feasibility of assessing water quality to determine habitat suitability can help inform
practitioners’ efforts more broadly, and, thus, contribute to achieving successful coastal habitat
restoration further afield.
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Appendix 1: LOD Use for the Hanna Instrument Nutrient Checkers

Analyte Checker Used for | Accuracy Range of the | LOD Used
Analysis Checker

Nitrate HI-781 Handheld | £0.25 ppm + 2% of | 0.25 ppm
Colorimeter Marine | reading @ 25°C
Nitrate LR
HI-782 Handheld | £2.00 ppm + 5% of | £2.00 ppm
Colorimeter Marine | reading @ 25°C
Nitrate HR

Ammonia H1784 Handheld | £0.05 ppm + 5% of | £0.05 ppm
Colorimeter Marine | reading @ 25°C
Ammonia

Phosphate H1713 Handheld | £0.04 ppm + 4% of | +0.04 ppm
Colorimeter Phosphate | reading @ 25°C
Low Range

Appendix 2: Full Sample Results

Table 4. Full results from the watercraft-based assessment (the samples tested for nitrate readings by the HI-782 Nitrate
High Range Checker are highlighted in yellow, all others were tested using the HI-781 Handheld Colorimeter Marine Nitrate

LR)

Coordinates

Nutrient concentration

Sampling Salinity oH Temperature
boints X Y PO4 (ppm) NHa/NHs (ppm) | NOs(ppm) (ppt) (oC)
PRA1 321976 467497 | 0.07 0.07 <LOD 36.2 8.13 | 12.7
PRA 2 321764 467395 | <LOD <LOD <LOD 35.1 8.4 12.9
PRA 3 321922 467490 | 0.05 0.09 <LOD 34.7 8.48 | 11.5
PRA 4 321756 467475 | <LOD 0.08 <LOD 35.3 8.58 | 10.9
RS 1 322197 466942 | <LOD 0.08 <LOD 35.5 8 12.7
RS 2 322145 467068 | <LOD 0.32 <LOD 35.2 8.03 | 119
RS 3 322182 467113 | <LOD 0.28 <LOD 35.5 8.01 | 12,5
RS 4 322306 467112 | <LOD 0.07 <LOD 35.8 7.98 | 123
CB1 322351 466627 | <LOD 0.08 <LOD 35.3 7.95 | 123
CB2 322442 466535 | <LOD <LOD <LOD 35.6 8.06 | 12.6
CB3 322308 466466 | <LOD 0.08 <LOD 35.8 8.03 | 12.6
CB4 322590 466494 | <LOD <LOD <LOD 35 8.09 | 12.6
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Table 5. Full results from the shore-based assessment (the samples tested for nitrate readings by the HI-782 Nitrate High
Range Checker are highlighted in yellow, all others were tested using the HI-781 Handheld Colorimeter Marine Nitrate LR)

Coordinates Nutrient concentration

Sampling | Y PO, (ppm) NHa/NHs (ppm) | NOs (ppm) P
points

SPRA 1 322446 467475 | 0.13 <LOD 0.33 8.15
SPRA 2 322476 467579 | <LOD 0.37 0 8.12
SPRA 3 322421 467695 | 0.08 0.15 0.57 8.59
SPRA 4 321664 468093 | 0.2 1.29 0.95 8.55
SRS 1 322406 466916 | 0.06 0.11 <LOD 7.95
SRS 2 322481 467018 | <LOD <LOD <LOD 8.08
SRS 3 322274 466791 | <LOD 0.07 <LOD 8.09
SRS 4 322548 467144 | 0.12 0.11 <LOD 8.03
SCB 1 322652 466567 | <LOD <LOD <LOD 7.99
SCB 2 322561 466649 | <LOD 0.07 <LOD 7.9
SCB 3 322326 466727 | <LOD 0.06 <LOD 8.12
SCB4 322347 466737 | <LOD 0.07 <LOD 8.05

36



https://www.livingseasnw.org.uk/

North West

Wildlife Trusts Published by Cumbria Wildlife Trust, Kendal, Cumbria, UK.


https://www.livingseasnw.org.uk/

