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A B S T R A C T   

A long-term historical analysis of the impacts of recreational boating on marine surface water quality during a 
regatta (Cowes Week) in an internationally crucial waterway, the Solent Strait (Hampshire, UK) is presented. 
Water quality indicators studied included nitrogen concentration, bacterial indicators, and oxygen saturation, at 
three sampling sites at/near Cowes during 2001–2019. Findings include that sewage discharge from recreational 
boats is the key contributor to localised faecal contamination of marine surface waters, putting bathers and 
shellfisheries at risk. Bathing water quality monitoring and pollution warning systems should be strengthened 
prior to and during this type of regatta and access to bathing water areas may need to be restricted. These 
findings have implications for the regulation, future monitoring and management strategies for discharges from 
recreational boats during extended regattas. Adequate and affordable local facilities for recovering sewage 
wastewater from recreational boats should be provided alongside appropriate mechanisms for communication to 
sailors.   

1. Introduction 

England's Solent Strait is a large, semi-enclosed water body that is 
heavily trafficked by commercial, naval, and public transport vessels. It 
has a complex tidal pattern that provides a “double high tide” that ex-
tends the tidal window during which deep-draught ships can be handled. 
The Solent economy, which incorporates two major cities (Southampton 
and Portsmouth) has a population of >1 million, >50,000 businesses 
and a local GVA of £25 billion. The area is of great ecological and 
landscape importance; much of it is internationally designated and it is 
bordered by and forms a part of a number of nationally important pro-
tected landscapes. 

The Solent Strait is bordered by agricultural land and urban areas 
with wastewater treatment plants (WWTPs), with consequent adverse 
impacts on marine water quality. The impact of emissions from agri-
culture and discharges from WWTPs on the Solent's water quality is well- 
established and an ongoing cause of concern, with monitoring systems in 
place (Solent Forum, 2022, Cefas, 2013). A desk-based study by Carci-
nus Ltd. (2021) concluded that the existing capacity of Solent's waste-
water treatment network “is sufficient to capture the summer increase in 
the population of the catchment” (due to tourism). The impact that 

vessels have had on this marine environment has been acknowledged 
since the 1980s, including the effects of petroleum pollution (Knap et al., 
1982; Houston et al., 1983), anti-fouling paint particulates (APPs) 
(Gough et al., 1994; Bray et al., 2011), and volatile organic compounds 
(VOCs) (Bianchi and Varney, 1998). The Solent also contains a network 
of coastal and marine sites which are internationally protected for na-
ture conservation, shellfisheries and bathing waters (Solent Marine 
Sites, 2022). The Solent waterway is part of the Baltic and North Sea 
Sulphur Emission Control Areas (SECA) and thus ships inside must be 
equipped with scrubber systems in exhausts or switch to fuel containing 
regulated amounts of sulphur. The potential impacts of the use of 
exhaust gas cleaning systems (EGCSs) on Solent water quality and eco-
systems is the subject of an ongoing EU-funded case study (EMERGE, 
2021). Having a baseline for water quality is essential for measuring 
changing conditions in marine waterways to enable greater under-
standing about what may be contributing to any changes. 

However, there have been very few studies on environmental im-
pacts of recreational boating, particularly in the Solent. Carcinus Ltd. 
(2021) flagged that the Solent Strait hosts a significant number of 
pleasure craft, with peak numbers during the summer months, and 
several marinas with pump-out facilities throughout the area. It is well- 
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established that larger recreational vessels (yachts, cabin cruisers and 
fishing vessels) with onboard toilets may make occasional overboard 
discharges, especially when moored overnight away from marinas or 
when transiting through principal navigational channels (Cefas, 2013). 
Research has shown that recreational boating has physical, chemical 
and biological effects on marine water quality, and flora and fauna 
(Lloret et al., 2008; Burgin and Hardiman, 2011), as well as being a 
major vector contributing to the spread of alien invasive species. Such 
studies have tended to focus on short-term environmental effects. Any 
potential increase in risk to human or ecological health as a consequence 
of discharges from recreational boating has thus not been established, 
although Cefas (2013) flagged that estuaries and harbours (such as the 
Medina which joins the Solent Strait at Cowes on the Isle of Wight) are at 
most risk in this regard. 

Cowes Week is one of the most famous and long-running regattas in 
the United Kingdom. The event is named after its venue, Cowes, a port 
town at the northernmost of the Isle of Wight, an island close to the busy 
ports of Southampton and Portsmouth. Cowes Week started in 1826 
with only seven boats competing. Since then, it has grown in scale with 
recreational boating worldwide. Now, each year (around the end of July 
or the start of August), Cowes Week welcomes >8000 sailors and 
>100,000 visitors for sailing competitions and other recreational ac-
tivities (Cowes Week Limited, 2020). Visitors watch the competitions 
and tour their boats around the Solent area, generating increased 
emissions and wastewater. Annex IV of MARPOL 73/78 and the UK 
Merchant Shipping (Prevention of Pollution by Sewage and Garbage 
from Ships) Regulations 2008 stipulate that ships carrying 400 GT or 
above, or certificated to carry >15 passengers, must be equipped with 
wastewater storage or treatment facilities, and cannot discharge 

wastewater directly into the sea. However, there are no compulsory 
requirements for wastewater discharge for small recreational boats that 
carry <15 people, although some countries have stronger regulations. 
During Cowes Week, the increased number of small recreational boats 
has the potential to lead to a sudden increase in untreated wastewater 
discharge. Although each recreational boat only discharges a small 
amount of wastewater, the aggregated quantities may be significant. 
Discharge is high-strength wastewater with higher biochemical oxygen 
demand (BOD) and chemical oxygen demand (COD) than normal 
municipal wastewater (Kersh et al., 2020; Milliken and Lee, 1990). This 
kind of wastewater consumes dissolved oxygen and affects marine or-
ganisms when it enters seawater in large quantities in a short time. The 
other key pollutants from recreational boat discharges are nutrients, 
such as nitrate, ammoniacal nitrogen, and sulphate. Nitrate is the most 
abundant form of nitrogen in water, and is biologically active in the 
marine environment, whereas nitrite is less rich in the water yet also 
bioactive (Sharp, 1983). High concentrations of nutrients may lead to 
the overgrowth of microorganisms that consume more oxygen from the 
water and form algal blooms. In one of the few papers on this topic, Leon 
and Warnken (2008) studied the sewage discharge of ~10,000 recrea-
tional boats (>6 m overall) in Queensland and found that they were 
releasing ~1.17 tonnes of nitrogen into the sea each year, alongside 
copper (from Cu-based antifouling paints), human faecal matter, and 
urine. 

Wastewater from recreational boats is also contaminated with 
pathogens such as salmonella, coliforms, viruses and streptococcus 
(Sinclair et al., 2009; Sobsey et al., 2003). The source of wastewater 
from boats includes sewage (blackwater) and non-sewage water (grey-
water) (Lindgren et al., 2016). Blackwater is flush water from human 

Fig. 1. Sample sites around Cowes selected for study; a) Cowes b) Cowes shellfishery c) Medina shellfishery.  
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excretion whilst greywater is wastewater from washing and cleaning 
apart from toilet water (Tilley, 2014). Pathogens from human faeces are 
released into seawater from these releases. As these pollutants spread, 
beaches and shellfisheries may be severely affected, raising public 
health concerns if people swim or consume shellfish from affected areas. 
Note that pathogenic (faecal) contamination in estuarine areas such as 
mudflats, reedbeds, grazing marshland and shingle beaches from wa-
terbirds is likely to be either i) diffuse or ii) highly localised and only 
possible during the overwintering periods when bird counts are rela-
tively high (Cefas, 2013). 

Current reports on pollution in the Solent Strait mainly focus on 
APPs, VOCs, nutrients, and petroleum pollution, with ongoing research 
focussing on contaminants associated with exhaust gas cleaning systems 
(EGCS). An overarching water quality study focussing on contaminants 
associated with recreational boats for this busy coastal area does not yet 

exist. Hence, the goal of this study was to critically analyse and review 
the impacts of wastewater discharges from small recreational boat ac-
tivity on the Solent's water quality, with a focus on Cowes Week. 

For multiple practical and logistical reasons, direct measurements of 
wastewater emissions from recreational boats are seldom taken. Indirect 
measurements at carefully selected sites must therefore be used to 
enable impacts on water quality to be estimated. Selected pollutant 
concentrations in the Solent's waters adjacent to, and at beaches in, 
Cowes before, during and after Cowes Week, focussing on wastewater- 
related pollutants from 2001 to 2019, were studied. The purpose was 
to identify any trends and to critically evaluate and highlight any issues. 

2. Methods 

As well as recreational boating, commercial fishing is crucial for the 
economy of the Solent area. The Solent Strait is a mixed marine fishery 
boasting mainly shellfish and some finned fish, such as sea bass (Serra-
nidae). Shellfish fishing is one of the main types of fisheries (Solent 
Forum, 2020) but issues with overfishing, pollution, disease, habitat loss 
and other pressures have led to fishery closures with a regional resto-
ration project ongoing (Blue Marine Foundation, 2019). As a crucial 
location for recreation and shellfishing, the water quality around Cowes 
should be the focus of monitoring and research. 

Hence the study area was selected as Cowes harbour, located on the 
Isle of Wight off the south coast of England. Cowes harbour is one of the 
most attractive sailing destinations in the UK. It is at the centre of the 
Solent, an international site for boating and other water recreations, 
such as sea fishing, diving, and swimming (Fletcher et al., 2007). Ac-
cording to the latest report on the economic contribution of recreational 
boaters by Royal Yachting Association (2014, p. 8), 72 % of the UK's 
coastal berths (about 37,000) are in England, of which 25 % are situated 

Table 1 
Details of sampling points (labelled a, b and c in Fig. 1) around Cowes.  

Sampling 
point label 
on Fig. 1 

Name Location Type Parameters 

(a) Cowes 50.76784, 
− 1.309366 

Designated 
bathing 
beaches 

Number of FC, 
FS, EC, and IE 

(b) Cowes- 
Shellfish 
Water 

50.773588, 
− 1.293114 

Designated 
shellfisheries 

Nitrite, 
nitrate, 
oxygen 
saturation 

(c) Medina- 
Shellfish 
Water 

50.746953, 
− 1.290538 

Designated 
shellfisheries 

Nitrite, 
nitrate, 
oxygen 
saturation  

Fig. 2. Time series plots for Escherichia coli (EC) at a designated bathing beach (sampling point a) in Cowes (2012–2019).  
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Fig. 3. Time series plot for intestinal enterococci (IE) at a Designated Bathing Beach (sampling point a) in Cowes (2012–2019).  

Fig. 4. Time series plot for faecal coliforms (FC) at a Designated Bathing Beach (sampling point a) in Cowes (2001–2011).  
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in Solent. Cruises and sailing races are held in Cowes from March to 
October every year. In addition to Cowes Week, the Round the Island 
Race, usually held at the end of June, attracts over 1400 boats and 
around 15,000 sailors on a single day; as well as other smaller events 
such as the Cowes Keelboat Solent Series and Cowes Keelboat Champi-
onship (Cowes Harbour Commission, 2020). 

The start point for the study was dictated by data availability; the 
earliest relevant record of water quality is from 2001 and the records for 
Cowes Week from the official website also start at 2001 (Cowes Week 
Limited, 2020). Monthly water quality data with 7 parameters from 4 
sampling points were obtained from the Environment Agency Water 
Quality Archive (Beta). The three data sampling points shown in Fig. 1 
and detailed in Table 1 were chosen because: i) they are geographically 
close to the venue for Cowes Week and ii) water quality data were 
recorded continuously at these sites during the study period. 

The analysis has been undertaken using United Kingdom Environ-
ment Agency (EA) water quality information monitoring system (WIMS) 
data at designated locations. The water quality indicators chosen are 
concentrations of nitrite, nitrate, and oxygen saturation, and numbers of 
faecal coliforms (FC), faecal streptococci (FS), Escherichia coli (EC), and 
intestinal enterococci (IE). These indicators best reflect the impact(s) of 
recreational boating on water quality, and the records are relatively 
complete from 2001 to 2019. FC, FS, EC, and IE are the main bacterial 
indicators of faecal pollution in water quality management and health 
risk assessment (Meays et al., 2004). In 2012, the UK's Environment 
Agency stopped testing and recording FC and FS, and replaced them 
with EC and IE, for they have more advantages as faecal indicators 
(Odonkor and Ampofo, 2013; Nicholas et al., 2013). For completeness, 
all four indicators were studied. Although other water quality indicators 
are provided in the WIMS database, their data scale is limited and 
discontinuous and generally insufficient/inadequate for detailed time 
series analysis. 

From 2001 to 2011, FC and FS were used to assess bacterial condi-
tion; from 2012, EC and IE replaced the former indicators. For EC and IE, 

colony-forming unit per 0.1 L water (cfu/0.1 L) was used as the unit of 
measurement; for FC and FS, the number of bacteria per 100 mL water 
(no/100 mL) was used. 

Data are available for designated bathing beaches and designated 
shellfisheries. Different types of sampling points have different param-
eters recorded. Details of the four sampling points are shown in Table 1. 
For designated bathing beaches, the recorded parameters are either 
related to the condition of beaches, such as the number of beach users 
and litter on the beach, or have direct impacts on human health, such as 
the number of E. coli and intestinal enterococci in bathing water (Eu-
ropean Commission Directive 2006/7/EC). Tiwari et al. (2021) provide 
a comprehensive over view of bathing water quality monitoring prac-
tices in Europe, highlighting the challenges involved in sampling and 
data interpretation. 

Time series box-whisker plots for the studied period were generated 
to visually summarise and depict the variation of the water quality in-
dicators (McLeod et al., 1991; Helsel and Hirsch, 1992). They are 
particularly useful since they provide the skewness and symmetry of 
data, show outliers, and can be applied without statistical assumptions 
(Massart et al., 2004). The widely used non-parametric Mann-Kendall 
test (Mann, 1945; Kendall, 1975) was used to detect significant trends in 
the time series data. 

3. Results 

3.1. Bacterial indicators 

The bacterial indicators all show an almost consistent temporal 
pattern, with peak values often corresponding to Cowes week (Figs. 2–5, 
Tables A1–A3). The EC concentrations at a Designated Bathing Beach in 
Cowes from 2012 to 2019 each year from June to September are shown 
in Fig. 2. Over the eight years, the maximum number recorded was 7400 
cfu/0.1 L in September of 2017. The minimum number was 10 cfu/0.1 L, 
approximately the detection limit of the assay used, and well below the 

Fig. 5. Time series plot for faecal streptococci (FS) at a Designated Bathing Beach (sampling point a) in Cowes (2003–2011).  
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value of ≤500 cfu/0.1 L set out in the European Commission's Bathing 
Water Directive (Directive 2006/7/EC) that was in force at the time for 
marine recreational water. Among the 139 results, 53.2 % were recor-
ded as 10 cfu/0.1 L. In 2013 and 2018, the peak occurred during Cowes 
Week. However, in 2013, two other relatively high values were observed 
in June and July; in 2018, there was another increasing trend in 
September, but the maximum was lower than the one in August. Note 
there was some heavy rain around Cowes during August–September 
2018, which could have contributed to faecal runoff. For 2012, 2014, 
2016, and 2017, the peak value for EC did not appear during Cowes 
Week but in the week immediately before or after the event. For 
example, in 2012, the maximum of 1700 cfu/0.1 L occurred on August 
7th, four days before the start of Cowes Week. In 2014, the value 
increased from August 5th (the third day of Cowes Week) to a maximum 
value on August 12th (three days after Cowes Week) and then down on 
August 19th. With the exception of 2015, the overall trend typically 
shows EC values increasing to a maximum in the lead up to (when boats 
start to arrive), or just after, Cowes Week, and then dropping after the 
event (when boats leave). 

The values for IE from 2012 to 2019 each year from June to 
September are shown in Fig. 3. It is difficult to directly compare these 
values to legal limits since the latter are related to minimum sampling 
frequencies per bathing season. The maximum was 5200 cfu/0.1 L in 
September of 2017, the same date as the maximum of EC occurred; the 
minimum was 10 cfu/0.1 L. Among the 139 results, 98 (70.5 %) of them 
were recorded as 10 cfu/0.1 L. In six of the eight years (2013, 2015, 
2016, 2017, 2018, and 2019), IE values increased significantly about 
two weeks after Cowes Week. A rise in IE was observed during Cowes 
Week in 2013, 2016, and 2018. In 2013, the maximum of the four 
months occurred on Aug 6th, the third day of Cowes Week; in 2016, a 

peak value appeared on Aug 2nd, the fourth day of Cowes Week. Data 
for 2017–2019 show the same trend. During 2012, 2014 and 2015, IE 
showed no marked change during Cowes week, maintaining at 10 cfu/ 
0.1 L. In 2012, a peak value occurred on June 12th, two months before 
Cowes Week. In 2014, no high values were recorded during Cowes 
Week; the highest value was 18 cfu/0.1 L over the four months. In 2015, 
higher values occurred a week after Cowes Week. Hence, although the 
trends are less consistent than for EC, the overall trend tends to show IE 
increasing to a maximum in the lead up to, or just after, Cowes Week, 
and then dropping after the event. 

The values of FC reported from 2001 to 2011 are shown in Fig. 4. A 
total of 191 results were recorded during the 11 years. During 2002, 
2004, 2005, 2006, and 2011, increasing trends or peak values occurred 
during Cowes Week. In 2005, the result was ten times higher than the 
median value when an extreme value of 3497 FC/100 mL occurred ten 
days before Cowes Week. The maximum value from 2001 to 2011 
occurred on August 9th, the third day of Cowes Week in 2011. The FC 
level subsequently dropped on August 12th and went down to the lowest 
level on August 16th. 

For the other years (2001, 2003, 2007, 2008, 2009, and 2010), the 
peak value for FC did not appear during Cowes Week but in the week 
immediately before or after the event. To illustrate, in 2001, an 
increasing trend started from July 18th and reached a peak of 210 FC/ 
100 mL on August 1st, three days before Cowes Week. In 2003, FC rose 
to a maximum of 20/100 mL on July 30th, three days before Cowes 
Week, and then declined. It is worth noting that additional peaks of FC 
occurred during September for four years (2006, 2008, 2009, 2010), 
about 2–3 weeks after the end of Cowes Week. The overall trend typi-
cally shows FC values increasing to a maximum in the lead up to, or just 
after, Cowes Week, and then dropping after the event. 

Fig. 6. Nitrate concentration at sampling points (b) and (c) in water in the Solent (2003–2018).  
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The values of FS reported from 2003 to 2011 are shown in Fig. 5. A 
total of 153 results were recorded during these eight years. Only 2011 
showed a significant upward trend during Cowes Week with the highest 

value of 920 FS/100 mL being recorded on Aug 9th, the third day of 
Cowes Week. Three days after, the value dropped to 154. From 2004 to 
2010, FS results did not show a particular trend during Cowes Week. 

Fig. 7. Nitrite concentrations at sampling points (b) and (c) in water in the Solent (2003–2018).  

Fig. 8. Oxygen saturation at sampling points (b) and (c) in water in the Solent (2001–2018).  
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However, trends were observed just before or after Cowes Week. The 
overall trend for FS is not as clear as for the other bacterial indicators 
studied, but still typically shows FS increasing to a maximum in the 
periods leading up to, or just after, Cowes Week, and then dropping after 
the event. 

Descriptive statistics for all indicators are shown in Tables A1–A3 in 
Appendix A. 

3.2. Nitrogen concentrations 

Table A2 shows descriptive statistics for nitrate and nitrite concen-
trations at shellfisheries close to Cowes (sampling points (b) and (c)). 
The values for nitrate and nitrite at sampling point (c) are higher than 
those at sampling point (b). The skewness values for all nitrogen in-
dicators are positive, which indicates that the data is asymmetrically 
distributed and the body of the distribution is centred on the left. Mann- 
Kendall tests showed no obvious trend for nitrate and nitrite concen-
tration; all P-values were >0.1. 

Monthly/yearly changes in nitrate and nitrite concentrations are 
shown in Figs. 6 and 7, respectively, during the study period. Nitrate and 
nitrite concentrations at both sampling points show a decreasing trend 
from May and lowest values each year between June and September. For 
most of the recorded years, from June to September, nitrate and nitrate 
concentrations at both sampling points were lower than the mean value. 

3.3. Oxygen saturation 

Table A3 shows descriptive statistics for oxygen saturation at shell-
fisheries close to Cowes (sampling points (b) and (c)). The skewness 
values for both sampling points are positive, indicating that the data is 
asymmetrically distributed and the body of the distribution is centred on 
the left. The Mann-Kendall test showed no obvious trend for oxygen 
saturation as all P-values were >0.1. Annual and monthly changes in 
oxygen saturation are shown in Fig. 8; these were not significant at both 
sampling points, although obvious outliers occurred in 2001 and 2007. 

4. Discussion 

4.1. Bacterial indicators 

The concentrations of four bacterial indicators (EC, FS, FC, and IE) in 
local marine surface waters, for most years of the study period, often 
changed markedly between the period just before the start of, and after 
the end of, Cowes Week (see Figs. 2–5). As there were no pollution in-
cidents recorded on the Isle of Wight during these periods (Environment 
Agency, 2020), and local rainfall during these periods was/is typically 
relatively low, and shows low seasonal variation (Cefas, 2013), the re-
sults suggest that recreational boating during Cowes Week is the main 
source of these bacteria. As the four bacterial indicators are the main 
criteria for faecal pollution (Meays et al., 2004), emissions of waste-
water from recreational boating during Cowes Week must have led to 
the observed increase in faecal contamination. 

The number of active recreational boats is therefore likely to be a 
critical factor affecting the concentration of marine faecal pollution. 
However, activity data for small recreational boats in the Solent and 
around Cowes is not recorded. According to a study by Smallwood and 
Beckley (2008), the occupancy rate for these vessels is higher in warm 
months, ranging from 70 % to over 136 %, whilst in cold months, the 
highest occupancy rate is no >60 %. In England, the temperature during 
June to September is higher than in other months (Met Office, 2012). 
Therefore, although we do not have exact data for recreational boats 
during Cowes Week, we can safely assume that it is higher than at other 
times of the year. 

Few studies of this type have previously been undertaken. However, 
our results are consistent with previous studies. Faust (1982) showed 
that during a holiday weekend, the concentrations of FC and FS 

increased about tenfold soon after the arrival of the boats in an estuarine 
area of Rhode River (Maryland, USA) and decreased almost immediately 
after the end of boating activities. Guillon-Cottard et al. (1998) found 
that the concentrations of FC and FS exceeded guideline levels for 
shellfish consumption in France and Europe when boating activity was 
at its peak at Saint Gervais harbour. Sobsey et al. (2003) found that FC 
concentrations increased significantly in Southern California as the 
boating number and berth occupancy rate increased, causing faecal 
contamination to both open water and unconfined marina. 

Although our results suggest that recreational boating is the key 
contributor to local faecal contamination of marine surface waters 
during Cowes Week, we cannot fully eliminate other factors. Besides 
sewage from boating, other sources can also introduce faecal bacteria 
into the marine environment. The major pathways are animal faecal; 
resuspension from sediments; runoff from estuaries, land and storm-
water overflows (Whitman et al., 2010). Storm water overflows may be 
an intermittent source and some monitoring takes place, although 
recently it has come to light that the reporting of such events has been 
substantially flawed- the regional operator Southern Water having been 
sentenced to pay a record £90 million in fines for widespread pollution 
after pleading guilty to 6971 unpermitted sewage discharges (Environ-
ment Agency, 2021). Microbial levels are also related to climatic and 
hydraulic parameters, including water flow, rainfall, relative humidity, 
vapour pressure, sea level pressure, sunshine hours, and cloud cover 
(Henry et al., 2016). A detailed description of the complex tidal and 
water circulation patterns that characterize the Solent Strait is provided 
by Cefas (2013); currents in these coastal waters are principally guided 
by a blend of tide, wind and freshwater inputs, and tidal streams are 
expected to dominate patterns of water circulation under most 
conditions. 

Faecal bacteria in bathing water are linked to health issues for 
bathers. Cabelli et al. (1982) suggested that swimmers' gastrointestinal 
symptoms are positively correlated with the mean density of enterococci 
in water: when the enterococcus density reaches 102 per 100 mL of 
water, ~40 in every 1000 swimmers may develop gastrointestinal 
symptoms. In addition to gastrointestinal problems, bacteria in the 
water can cause other illness. A study by Fleisher et al. (1996) showed 
that when bathers are exposed to >60/100 mL of FS and 100/100 mL of 
FC, they are more likely to develop respiratory diseases and eye, ear and 
skin diseases, and the prevalence increases with increased density of 
those bacteria. We found that the increase in bacterial indicators around 
Cowes Week exceeded the above disease-causing levels, which may 
cause health risks for bathers. For the health of bathers, the bathing 
water during Cowes Week should be monitored closely and access might 
need to be restricted if necessary. At present there is no requirement for 
monitoring beyond the current statutory requirements of four per 
bathing season for E. coli and 5 in 30 days for enterococci (Tiwari et al., 
2021). 

4.2. Nitrogen concentrations 

The concentrations of inorganic nitrogen compounds in coastal sea 
surface waters are typically characterized by a pronounced seasonality; 
higher concentrations tend to be observed in winter which decrease to 
low values in the period of high primary productivity between spring 
and midsummer (Nausch et al., 2008). The UK's Environment Agency 
has been aware of eutrophication in selected Solent estuaries for decades 
and consequently, it has undertaken a series of eutrophication reviews 
and used regulatory means to reduce nitrogen input. The Solent Forum 
(2022) highlights Environment Agency data that shows reduced 
amounts of green macroalgae in several Solent estuaries, particularly 
over the last decade; it has taken time to see signs of recovery due to 
biological time lag and the influence of groundwater. Concentrations of 
nitrate and nitrite did not show unexpected trends during the studied 
period. However, the results suggest that nitrate and nitrite from rec-
reational boating may have little impact on overall concentrations. 

D. Xiong et al.                                                                                                                                                                                                                                   
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There are many factors that affect the concentration of nitrate and 
nitrite in the marine environment. It is likely that nitrate and nitrite 
concentrations in marine surface waters are typically low between June 
and September (incorporating Cowes Week). First, there are many 
sources of nitrogenous nutrients in the ocean, including atmospheric 
precipitation, fertiliser, sewage, and land runoff. In the Northern 
temperate zone, the three largest sources of dissolved inorganic nitrogen 
in seawater have been reported as fertilisers (37 %), manure (25 %), and 
N2-fixation (24 %) (Capone et al., 2008). The first two sources are 
mainly from farming. Farming on the Isle of Wight, including areas that 
runoff into the Medina river and estuary, includes agriculture and 
stockbreeding. The main crops on the island are wheat and maize 
(DEFRA, 2019a), whilst the main livestock is cattle, dairy cattle, beef, 
and sheep (DEFRA, 2019b), with both able to introduce fertiliser and 
manure into the ocean. According to the rainfall data at a climate station 
on the Isle of Wight from 1980 to 2010, rainfall averages typically fall 
from April and remain relatively low until August (Shanklin (Isle of 
Wight) UK climate averages, 2020). Due to gaps in nitrite and nitrate 
data in April, trends were only observed between May and September. 
We suspect that low nitrate and nitrite concentrations from June to 
September may be associated with lower rainfall and higher produc-
tivity in marine plants (note: the Solent is an Important Plant Area 
containing a large number of areas of seagrass, sea-purslane, common 
sea-lavender and thrift, together with rare marine plants like small cord- 
grass and foxtail stonewort). Lower rainfall means that less fertiliser and 
manure are washed into the ocean, resulting in less discharge. As nu-
trients for phytoplankton, nitrite and nitrate are consumed as they grow 
(Capone et al., 2008). Indeed, a study by Holley et al. (2007) reports that 
nutrient levels tend to decrease in the high-salinity estuary area in 
Southampton Water and the Solent during summer. The low nutrient 
level is not due to a “summer bloom”, but a limiting factor for the growth 
of phytoplankton. Thus, the low concentrations of nitrate and nitrite are 
unlikely to be caused by the growth and reproduction of marine 
phytoplankton. 

4.3. Oxygen saturation 

Oxygen saturation is relatively stable in marine surface waters close 
to Cowes. In general, dissolved oxygen should be lower in summer than 
other seasons throughout the year because higher temperatures can 
reduce the dissolution of oxygen (Truesdale et al., 1955). Steady and 

ongoing ocean warming has been reported in UK coastal waters (Zapata- 
Restrepo et al., 2019). This affects the life history and fitness of marine 
organisms by, for example, increasing animal metabolism and reducing 
oxygen availability (Giomi et al., 2019). In coastal environments, ani-
mals live adjacent to photosynthetic organisms whose oxygen supply 
sustains metabolic requirements and may compensate for acute warm-
ing. These factors all contribute to the results showing no significant 
decrease in oxygen saturation in summer. In addition to temperature, 
oxygen saturation can be affected by inputs of organic matter and nu-
trients, photosynthesis, and surface disturbance. As discussed in Section 
4.2, low nutrient levels in the Cowes area in the summer limit planktonic 
growth and thus lead to reduced oxygen consumption. An increase of 
vessel activity during Cowes Week will lead to increased disturbance to 
the water body but this is unlikely to affect the dissolution of oxygen in 
this location. 

5. Conclusions 

Using carefully selected indicators of pollution, a long-term histori-
cal analysis of the impacts of recreational boating on marine surface 
water quality during a major regatta in an internationally crucial 
waterway has been completed. Robust analysis on the best quality, most 
authoritative available data has been carefully undertaken. The findings 
have important implications for the regulation of, and future monitoring 
and management strategies for, discharges from recreational boats 
during extended regattas:  

1. Sewage discharge from small recreational boats immediately before, 
during and after the Cowes Week regatta is the key contributor to 
localised faecal contamination of marine surface waters. For most 
years during the study period, the level of four bacterial indicators 
markedly increased between the week before the start of Cowes 
Week and after the end of Cowes Week.  

2. Bathing water quality monitoring and pollution warning systems 
should be strengthened for bathers in the time periods around 
extended regattas such as Cowes Week. Although the overall quality 
of bathing water around Cowes has typically been reported as “good” 
or “excellent” over the past few years, localised high levels of bac-
teria in this period may cause adverse impacts on the health of 
bathers. Bathing water quality monitoring and pollution warning 
systems should be strengthened for bathers in the time periods 
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around this type of regatta and access to bathing water areas may 
need to be restricted.  

3. Although pump-out facilities for sewage collection are usually 
available at locations such as Cowes, the high level of bacteria in 
surface waters suggests improvements may be required, especially 
for smaller vessels which are currently not regulated. Adequate and 
affordable local facilities for recovering sewage wastewater from 
recreational boats should be provided alongside appropriate mech-
anisms for communication to sailors. 
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Appendix A  

Table A1 
Descriptive statistics for bacterial indicators around Cowes (at a Designated Bathing Beach) during the study period (sampling point “a” in 
Fig. 1).   

EC IE FC FS 

Study period 2012–2019 2012–2019 2001–2011 2003–2011 

Units ccfu/0.1 L Number/100 mL 

Number of data  139  139  191  153 
Minimum value  10  10  2  2 
Maximum  7400  5200  14,000  920 
Mean  115.4  73.86  190.2  30.37 
Median  10  10  10  4 
Standard deviation  645.2  451.4  1115  89.5 
Skewness  10.46455  10.62759  10.50174  7.139957   

Table A2 
Descriptive statistics for nitrate and nitrite concentrations (mg/l) at shellfisheries close to Cowes during the study period (sampling points “b” and “c” 
in Fig. 1).   

Nitrate Nitrite 

Sampling point b c b c 

Study period 2003, 2007–2019 2010–2019 2003, 2007–2019 2010–2019 

Number of samples  98  73  98  73 
Minimum  0.001  0.0062  0.0007  0.0007 
Maximum  0.713  1.64  0.065  0.0345 
Mean  0.155  0.3469  0.0052  0.0076 
Median  0.096  0.234  0.0040  0.0065 
Standard deviation  0.139  0.334  0.007  0.005 
Skewness  1.169904  1.544245  6.664742  0.3341222   

Table A3 
Descriptive statistics for oxygen saturation (%) at shellfisheries close to Cowes during the 
study period (sampling points “b” and “c” in Fig. 1).   

Sampling point b Sampling point c 

Study period 2001–2019 2001–2019 

Number of samples  253  146 
Minimum  79.1  80.4 

(continued on next page) 
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Table A3 (continued )  

Sampling point b Sampling point c 

Study period 2001–2019 2001–2019 

Maximum  147.8  158.9 
Mean  97.3  95.9 
Median  96.6  94.8 
Standard deviation  7.7  2.7 
Skewness  2.03749  2.7089  
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