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Introduction 

 
1.1 The Cardiff Bay harbour environment and its management. 

 
The development of Cardiff Bay has changed the Taff and Ely estuary into a 200 

hectare man-made freshwater harbour through the construction of a Cardiff Bay 

Barrage in 1999.  The barrage was constructed as part of a plan begun in 1987 to 

regenerate the 1,100 hectare derelict docklands of Cardiff and Penarth.  Wholesale 

refurbishment of the docks area was seen as the best way of breathing new life into 

the southern part of Cardiff. (Beresford 1995) 

 

Management of the Barrage, the Inner and Outer Harbours and the Rivers Taff 

and Ely are the responsibility of the Cardiff Harbour Authority.  This responsibility 

includes both a commitment to minimising the impact of its activities on the 

environment whilst maintaining the effectiveness of the barrage as a flood defence 

structure.  

 

 

 
Plate 1: Cardiff Bay Source: Cardiff Harbour Authority 
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1.2 Recreational boating activity and its socio-economic importance in Cardiff 

Bay 

 

Recreational boating has been long established in Cardiff Bay. The Cardiff 

Yacht Club was founded in 1900. Currently there are approximately 1500 boats 

permanently moored or berthed in the bay. There are two major yacht clubs, water 

sports clubs, a marina, boatyard, public access slipway, pontoons and moorings. The 

barrage development, through the creation of the freshwater harbour, has provided a 

focus for waterfront regeneration. It has made recreational boating activities more 

accessible and flexible due to the constant water level and access to the sea through 

the lock gates at all states of tide. 

 
Plate 2: Recreational boat pontoons in Cardiff Bay 2006 . Photo: Ed Bartlett 

 

1.3 Biofouling process and the need for its control within recreational boating. 

 

The encrusting mix of aquatic microflora, algae and invertebrates forming the bio-

fouling community are generally seen as an ongoing problem requiring continuous 

monitoring and control in both freshwater and marine situations.  The key problems 

caused by hull fouling are initially the increase in weight and drag, reducing speed, 

manoeuvrability and efficiency of the boat’s movement through the water. 

Fernandez-Alba et al (2002) estimated that a 1 mm thick layer of algal slime 

increases hull friction by 80%, and fuel consumption by 17% and cause a 15% loss 

in ship speed.  In a commercial shipping setting, a 5% increase in fouling for a 
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tanker weighing 250,000 dwt was found to increase fuel usage by 17% (MER 1996)

  

The fouling process begins within minutes of immersion, according to 

Willemsen (2005), a surface becomes ‘conditioned’ through the adsorption of 

macromolecules such as proteins, present in the water. Bacteria colonise within 

hours, as may unicellular algae, protozoa and fungi. These early colonisers form a 

biofilm, which is an assemblage of attached organisms that is often referred to as 

micro-fouling or slime. Finally a layer of macro-fouling colonises the surface, 

consisting of larger algae and invertebrates such as freshwater mussels. 

 

Within the confines of Cardiff Bay, biofouling represents an important issue 

for the harbour authority in that it can affect water flow through the sluices, pumps 

and pipes of the barrage that safeguards Cardiff as a flood defence. One key fouling 

species within the bay is the introduced zebra mussel Dreissena polymorpha  most 

probably brought into the bay on a visiting vessel. This species is described by the 

US Zebra Mussel Information System as follows: ‘The zebra mussel, though small 

in size, has become the most troublesome freshwater bio-fouling organism in North 

America.’   

 

 

 

Plate 3: Zebra mussels. Source: www.introduced-species.co.uk 

 

Best practice in the control of bio-fouling remains an ongoing issue within 

recreational boating. The Royal Yachting Association (RYA), and the British 

Marine Federation (BMF) are conducting a joint project called ‘The Green Blue’ 

(see fig 1) to help marine businesses, boating and watersports enthusiasts to act in 
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the most environmentally responsible way.  One of the key issues identified by the 

project was the control of hull fouling through the use of antifouling (AF) paints, 

potential spillages, leachate and removal.(ABPmer 2006) 

 

 

 

 

Plate 4: The Green Blue Initiative   Source: www.thegreenblue.org.uk 
 

1.4 Biofouling control techniques and their environmental significance 

 

The prevention and control of bio-fouling has most successfully been achieved 

through the application of tri-butyl-tin (TBT) based toxic anti-fouling paints. 

Antifouling paints on small to medium recreational vessels were first recognized as 

an important source of pollution in the 1970’s. (Warnken et al 2004) In the 1980’s, 

investigation of the environmental impact of these chemicals in the wider coastal 

marine environment identified a clear causal link between concentrations of TBT 

and decline and damage to populations of marine molluscs. Commercially farmed 

shellfish such as the oyster declined and common rocky shore species such as the 

dogwhelk, Nucella lapillus were found to be particularly susceptible, with 

disruption of hormonal systems leading to masculinisation and sterility of females. 

(Hawkins et al 1999)  A Europe-wide ban on the use of TBT in AF paints on boats 

under 25 metres came into force in 1987, followed by a ban on the application of 

organotin paints on all shipping within member states in 2003 (782/2003/EC) to 

comply with the International Convention on the Control of Harmful Antifouling 
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Systems on Ships, adopted by the International Maritime Organization (IMO). IMO 

is working towards the removal or over-coating of TBT based AF systems by 2008 

(IMO, 2001). 

 

Within recreational boating in the UK and internationally, AF paint products 

have returned to the pre-TBT standard of using Copper (I) oxide as the main 

biologically active ingredient (biocide). However, copper doesn’t prevent the 

growth of all aquatic organisms and such resistant algae are further controlled with 

‘booster biocides’.   

 

 Biocides and booster-biocides for AF use in the UK must meet the requirements of 

the EU Biocides Directive (98/8/EC) and the subsequent UK Biocidal Products 

Regulations (2001). They are licenced in the UK by the biocides and pesticides unit 

of the Health and Safety Executive (HSE). After undertaking a risk assessment 

review in 2000, licences for two booster biocides were revoked by HSE including 

the most commonly used Diuron (Dichlorophenyl Dimethylurea) in 11/01 and the 

triazine herbicide Irgarol 1051 in 07/02. The booster-biocides currently licenced for 

use in the UK include the zinc based compounds ‘Zineb’ (Zinc ethylenebis 

dithiocarbamate) and ‘Zpt’ (Zinc pyrithione) and the organic compounds 

Dichlofluanid and Dichloro-octyl-isothiazolone. (HSE 2001) 

 

As was shown with TBT, the critical issue for any biocide with regard to its 

environmental impact on non-target organisms is its steady state concentration 

defined by site-specific flux or loading rate, dispersion, and persistence in the 

environment. (Valkirs et al 2003).   

 

The rate of biocide release (leach rate) from AF coatings used to control 

marine fouling has been studied for decades. It has been found to be influenced by 

both physical and biological factors such as hydrodynamics, temperature, pH, and 

salinity, as well as the presence of bio-films on the coating surface (Woods Hole 

Oceanographic Institution, 1952) 

 

Copper and zinc are both an essential trace metal for living organisms and 

toxic biocides at elevated concentrations. The Environmental Quality Standards 

(EQS) provide guideline limits for heavy metals in the aquatic environment under 

the EC Dangerous Substances Directive (76/464/EEC). EQS for Cu and Zn are 
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hardness related,  for salmonid waters of 100-150 mg CaCO3 / l such as Cardiff Bay, 

annual average dissolved copper limits are 10 mg/l and for zinc 75 mg/l. 

Table 1: Environmental Quality Standards (EQS) for hardness related List 2 dangerous 
substances, EC Dangerous Substances Directive (76/4 64/EEC)  Source www.environment-
agency.gov.uk  

EQS (mg/l) for Hardness bands (mg/l 
CaCO3) Substance  EQS type  

0-
50 

>50-
100 

>100-
150 

>150-
200 

>200-
250 >250 

Freshwaters, suitable for all fishlife 

Copper 
(dissolved) 

Annual 
average 1 6 10 10 10 28 

Copper 
(dissolved) 

95th 
percentile 5 22 40 40 40 112 

Nickel 
(dissolved) 

Annual 
average 50 100 150 150 200 200 

Vanadium 
(dissolved) 

Annual 
average 20 20 20 20 60 60 

Freshwaters, suitable for Salmonid (game) fish 

Chromium 
(dissolved) 

Annual 
average 5 10 20 20 50 50 

Lead 
(dissolved) 

Annual 
average 4 10 10 20 20 20 

Zinc (total) Annual 
average 8 50 75 75 75 125 

Zinc (total) 95th 
percentile 30 200 300 300 300 500 

Freshwaters, suitable for Cyprinid (coarse) fish 

Chromium 
(dissolved) 

Annual 
average 150 175 200 200 250 250 

Lead (dissolved Annual 
average 20 125 125 250 250 250 

Zinc (total) Annual 
average 75 175 250 250 250 500 

Zinc (total) 95th 
percentile 300 700 1000 1000 1000 2000 

 

 Within US freshwaters two ambient water quality criteria for copper and zinc are 

given. The Criteria Maximum Concentration (CMC) is an estimate of the highest 

concentration of a material in surface water to which an aquatic community can be 

exposed briefly without resulting in an unacceptable effect. The Criterion 

Continuous Concentration (CCC) is an estimate of the highest concentration of a 

material in surface water to which an aquatic community can be exposed 

indefinitely without resulting in an unacceptable effect. (US EPA 2006) 
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Table 2: US EPA surface water quality guidelines for dissolved Cu and Zn 

 (Source: http://www.epa.gov/waterscience/criteria/wqcriteria.html#appendxb ) 

 Freshwater Seawater 

 CMC (mg/l) CCC (mg/l) CMC  (mg/l) CCC (mg/l) 

Copper 13 9.0 4.8 3.1 

Zinc 120 120 90 81 

 

 Sub-lethal effects of copper in the aquatic environment are associated with 

reduced respiration rates and impaired growth in mussels, clams and other shellfish. 

(Watermann et al 2005) Acute toxicity tests on the threespine stickleback 

Gasterosteus aculeatus, a freshwater fish species used for effluent monitoring in the 

US and Canada demonstrated a 96-h LC50 218.1 mg/l dissolved copper in 

moderately hard water.(Gravenmier et al 2005). 

 

EU Regulation of copper in the aquatic environment is currently based on 

the concentration of total dissolved copper, however, increasing evidence suggests 

that the toxicity of copper to aquatic organisms is dependent on its speciation and 

bioavailability. (Brooks et al 2004)  

 

The toxicity of Zinc pyrithione (Zpt) to aquatic organisms has not been well studied. 

Zpt has been reported to cause significant teratognetic effects to fish larvae at 5 – 9 

mg/l and sea urchin development at concentrations above 0.01 fg/l (Okamura et at 

2002) 

 

As the range of licensed biocides becomes more strictly controlled, reliance on 

copper based AF products increases and the input of copper into the coastal marine 

environment increases. Concern has led to the use of copper based antifoulants on 

pleasure craft being banned in the Netherlands since April 1999 (VROM 2006) and 

restricted by leach rate in Denmark and Sweden (Danish EPA 2003, Karlsson and 

Eklund 2004)) 
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1.5 Minimizing the potential environmental impact of AF practices in Cardiff Bay 

 

For boat owners in Cardiff Bay, the selection of AF products and methods of 

application, maintenance and removal, depends on a number of variables such as 

type of boat and typical usage in both marine and freshwater conditions, boatyard, 

chandler or personal recommendations, cost and compatibility with the existing 

coating.  

 

The application, maintenance and removal of AF treatments have most frequently 

been carried out using ‘scrubbing piles’ where sufficient tidal range is available.  

The constant water level in Cardiff Bay has led to most maintenance being done at 

the beginning and end of the boating ‘season’ with the boat out of the water either at 

the point of haul out or on hard standing in adjacent boat yards.  

 

 The environmental impact of AF paint treatments in the aquatic 

environment is related to the type of antifoulant used, how, where and when it is 

applied and removed and the proximity of this activity to environmentally sensitive 

areas. Mitigation measures could include practical changes in ‘shore side’ activities 

such as prevention of wash down water and paint scrapings from entering the water 

or watercourses. Such an ‘environmentally responsible wash down facility’ is being 

tested at Hamble Point Marina. (Anon 2005) 

 

 There are several published guidelines on best practice in the application, 

removal and disposal of AF coatings, such as the ‘Environmental Code of  Practice’ 

(RYA/BMF/Environment Agency 2006)  Recommendations include taking 

measures to avoid any polluting matter entering the water or surface drains such as 

the use of a designated wash down area with an impermeable surface and a system 

of channels or bunds to direct the effluent to a central drain. Collected effluent water 

should be filtered to separate antifouling particles and recycled to minimise the 

quantity of water used and waste requiring disposal. 
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Boat Wash Down: 

 

1. Sufficient water pressure should be used to remove the fouling whilst 

leaving the paint layer intact, any pigmented runoff indicates the water 

pressure is also removing a layer of paint and should be reduced. 

2. When removing old antifouling paint layers, lay a plastic sheet beneath the 

vessel or other suitable methods to collect the paint scrapings and dispose of 

them appropriately. 

 

Contaminated Effluent Disposal: 

 

1. Disposal to foul sewer may be possible with prior arrangement with the local 

sewage provider 

2. Use of a sealed storage tank emptied and disposed of at a licensed waste site. 

3. On site treatment and possible re-circulation. 

 

Non-toxic AF treatments are available, but have so far found limited use in the 

recreational sector as further product development is required ( ABPmer 2006) 

Teflon based hull coatings provide a slippery surface onto which fouling organisms 

find it difficult to attach firmly. Likewise silicone based hull paints provide a 

controlled ‘eroding’ coating on which organisms cannot attach firmly, especially on 

boats travelling at speeds over 22 knots. Hard epoxy coatings provide a surface that 

can be mechanically cleaned regularly during the boating season (April to October) 

either with a power washer or brushes. Other methods for the control of  bio-fouling 

are available. See fig 1 
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Figure 1: Technologies and strategies to combat biofouling on submerged surfaces. 
Source: Willemsen 2005 
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2. Aims and objectives of this study 

 

Aim 1.  Analyse patterns in anti-fouling usage within recreational boating 

in Cardiff Bay. 

 

Objective 1: Carry out a questionnaire survey of boat owners from within Cardiff 

Bay in consultation with Cardiff Harbour Authority. 

 

Objective 2: Identify patterns in AFP usage within the sample 

 

Objective 3: Compare results with existing data for UK freshwaters. 

 

Objective 4: Identify any significant issues relating to AFPs usage in Cardiff Bay. 

 

Aim 2. Analyse patterns in the levels of total dissolved Cu and Zn in surface 

waters of Cardiff Bay 

 

Objective 1: Collate and analyse available water quality data for Cardiff Bay. 

 

Objective 2: Determine the extent to which levels of Cu and Zn in surface waters of 

Cardiff Bay indicate an environmental effect from the use of AF within recreational 

boating. 

 

Aim 3. Analyse patterns in Cu and Zn in the sediment of Cardiff Bay. 

 

Objective 1: Collect and analyse sediment samples for Cu and Zn in Cardiff Bay. 

 

Objective 2: Determine the extent to which levels of Cu and Zn in sediment from 

Cardiff Bay indicate an environmental effect from the use of AF within recreational 

boating. 

 

Aim 4. Synthesise the data gathered to make recommendations about 

future environmental management of anti-fouling in Cardiff Bay.  

 

 



 12

3 Analysis of patterns in anti-fouling usage within recreational boating in 

Cardiff Bay. 

 

3.1 Review of existing knowledge 

 

A survey to investigate the use of AF products (AFPs) in UK freshwaters was 

conducted for the Health and Safety Executive (HSE) in 2001/2 order to give and 

insight into AFP usage in freshwaters and to help target future monitoring. 

(Beswick 2002) The survey focused on enclosed freshwater areas because the risk 

assessment for river situations was considered to have been covered by the existing 

estuarine scenarios developed using a model called REMA (Regulatory 

Environmental Modelling of Antifoulants) 

 

Site selection criteria was as follows: 

 

Sites should be those ‘observed to have boating activity with boat types that would 

potentially involve the use of antifouling paints. Not interested in watersports sites 

where just canoeing, dinghy sailing and windsurfing occurs and thus products are 

not likely to be used. Not interested in man-made reservoirs’. (HSE pers. Comm.) 

 

 Although Cardiff Bay meets the criteria for being a freshwater body with 

significant numbers of permanently moored and anti-fouled recreational vessels, it 

wasn’t considered to have become established at the time of the survey and wasn’t 

selected as a survey site.  

 

At the time of the survey, the HSE AFP risk assessment strategy for Cardiff Bay 

was considered to fit within that developed for use in coastal areas. The 

classification of the bay could be described in a variety of ways from heavily 

modified transitional waterway, man made freshwater harbour or freshwater lake.  

 

The risk assessment strategy was developed to incorporate larger estuaries with 

‘enclosed’ marinas where water is retained at low tide and therefore circulation of 

water with the wider coastal environment is limited to single flushing events every 

12 or 24 hours.  According to HSE, monitoring of antifouling paint active 

ingredients in these locations supported modelling data to show that elevated levels 

could be detected in these sites, where sufficient boats using the same active 
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substance were present.  Occasionally, these levels were classed as ‘adverse’ and 

risks to aquatic organisms predicted. However, levels monitored adjacent to these 

sites were shown to decrease significantly through dilution and such that there were 

no concerns regarding adverse affects in these areas. 

 

 It was agreed at ministerial level in 2000 that elevated/adverse levels of AFPs 

predicted or measured in man-made environments should not be of concern where it 

could be demonstrated that unacceptable levels would not occur in the wider coastal 

and estuarine environment.  It was also of the opinion (2000) that the majority of 

man-made harbours /marinas should not be the focus for environmental protection 

when the cost benefits of using AFPs was considered to favour their need. (HSE 

pers. Comm.)   

 

The HSE survey was driven by the Advisory Committee on Pesticides (ACP) 

concern over the validity of an assumption that the use of AFPs by boat owners was 

significantly higher for estuary and sea-going boats than for boats in freshwater. As 

the risk assessment was based on this argument, its accuracy was crucial.  The 

survey aimed to investigate usage, effects and safety of AFPs containing booster 

biocides in the freshwater environment and test the assumption. (HSE 2002) 

 

The aims of the 2001 survey were to:  

 

· Highlight locations with the highest boating densities, to help target 

questionnaires and future monitoring. 

· Establish boating patterns in freshwaters (seasonal variability in pleasure vs 

commercial craft, moorings vs. day trippers) to confirm highest boating 

densities. 

· Establish the extent of usage of AFPs in freshwaters in order to find out 

whether an additional risk assessment and/or monitoring would be necessary 

· Collect the information needed to develop a new risk assessment strategy for 

‘lake’ systems, including average boat size, and quantity/frequency of use of 

AFPs. 

· To identify the main AFPs used in freshwaters and hence the chemicals that 

may need to be monitored for. 

(HSE 2002) 
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Cardiff Bay has now been established for six years, and described by the 

Harbour Authority as a 200 hectare freshwater lake with over 1500 moored 

recreational boats, a significant number likely to have existing AF treatments. 

As such, Cardiff Bay represents a unique and significant study site in terms of 

AFP usage within freshwaters in England and Wales. 

 

3.2 Survey rationale and design  

 

In order to gather recreational boat owner survey data a set of key questions was 

developed. In order to compare AFP usage in Cardiff Bay with the previous 

HSE study, where appropriate, the same data was collected: 

· Whether or not AFPs are used 

· Type/size of boats 

· Make/content of AFPs used 

· Frequency/timing/location and method of applying AFPs 

· Frequency/timing/duration of boat residence in freshwater 

environments. 

 

 

 

A boat owner questionnaire was constructed as the most suitable research tool. The 

questionnaire collected data about AFP usage and considered boat owner 

perceptions of the water quality within the bay and the potential environmental 

impact of AFPs in order to investigate whether this influenced AF practices.  It was 

piloted at the Harbour Authority and then converted into html format and made 

available online. Emails were sent to all berth holders at Penarth Quays Marina and 

to other boat owners through the Harbour Authority website inviting them to 

complete the form. 

 

The questionnaire was constructed using standard design principles.  Anonymity 

and confidentiality were guaranteed so as to increase likelihood of participation. 

Language chosen was kept as clear and jargon-free as possible to allow the greatest 

number of respondents access to the text. The number of questions was kept to a 

minimum, the paper version having 23 questions and three A4 pages in total.  
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Each question aimed to elicit as specific a response as possible whilst 

remaining easy to understand and complete. This was done through the use of 

specific category tick boxes (Qu 1-14,16-19) Qu 15 used a 1-10 effectiveness scale, 

Qu 20 – 21 used 5 way rating scales to allow greater detail than a three way scale, to 

allow a ‘middle value’ not possible with a four way scale. Open-ended text answer 

spaces were used in the last two questions to gain an overview of specific AFP 

issues for boat owners in the bay. 

 

3.3 Questionnaire survey results 
 
 
1. Is the boat a sailing craft, powered sailing craft or motor boat? 
 

Sailing Powered sailing Motor 
 18 17 

 
2. What length is it? 
 

5 - 7.5 m (16 – 25ft) 7.6 – 10 m (26 –33ft) Over 10m (33ft) 
8 9 18 

 
3. How many months of the year does the boat remain in the water? 
 

Less the 4 months 4 – 8 months 8 – 12 months 
 3 32 (91%) 

 
4. During the season, approximately how many days is the boat away from its 

mooring? 
 

Every weekend Once a fortnight Once a month Less than 
monthly 

13 6 7 7 
 
5. How far would you regularly travel away from your mooring ? 
 
1 – 5 M 6 – 10 M 11 – 15 M 16 – 20 M >20 M Beyond 

barrage 
5 6 7 5 12 86% 

 
6. Is the boat treated with an antifouling product ? 
 

Yes No 
33 2 

 
7. What treatment are you using? ( If paint, please be as specific as possible) 
 

Don’t know Blakes cruising 
(various) 

International paints 
(various) 

Other 

20 7 6 2 
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8. How did you choose the treatment ? 
 

Recommendation by 
chandler/boatyard/friend 

Product 
review 

Cost Trial and 
improvement 

22 1 3 1 
 
9. What biocides are used in your antifouling treatment ? 
 

Don’t know Copper oxide Dichlofluanid No biocide 
27 3 2 1 

 
10. When was the antifouling treatment applied or last renewed? 
 
<6months ago 6 – 12 months 

ago 
12 – 18 months 

ago 
>18months 

ago 
Don’t 
know 

12 5 13 2 2 
 
11. How often is the antifouling treatment normally renewed? 
 

Annually Biannually Don’t know 
14 16 5 

 
12. How much antifouling is needed for each application? 
 

<2.5L 2.5 – 5 L 5 – 7.5 L 7.5 – 10 L >10 L Don’t know 
2 4 10 4 4 10 

 
13. Do you carry out the cleaning, scraping, pressure hosing and painting yourself 

or employ a contractor ? 
 

DIY Contractor 
21 (60%) 13 

 
14. Where is the treatment carried out ? 
 

Boatyard hard standing Wash down area Yacht club 
26 (74%) 6 1 

 
15. On a scale of 1-10, how effective do you consider the antifouling treatment that 

you use ? 1 = totally ineffective 10 = 100% effective ? 
 

1 2 3 4 5 6 7 8 9 10 Mean 
 1  2 4  8 8 6 3 7.3 

 
16. How often do you scrub the build up of fouling from the boat’s hull ? 
 

Never Only when applying 
antifouling treatment 

Mid summer 
scrub 

Monthly scrub 
in summer 

Other 

5 17 5 5 2 
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17. How do you carry out this treatment ? 
 
Haul out – pressure wash Haul out - scrub Pontoon – in water scrub 

22 2 5 
 
18. How much do you spend on antifouling treatment each year ? 
 

< £50 £50 - 100 £100 - 200 £200 - 300 > £300 
6 10 8  5 

 
19. How is antifouling waste material disposed of ? 
 
Waste water goes into ground beneath boat 6 
Waste water goes to sewage treatment 1 
Waste water goes to storm drain 2 
Waste water enters Bay 3 
Paint scrapings go to household refuse collection 1 
Paint scrapings go to specialist waste collection 1 
Don’t know 18 
 
20. To what extent do you think antifouling treatment affects environmental water 

quality in the bay ? 
 
Not at all 4 
Negligible 8 
Insignificant 17 
Significant 2 
Highly significant 1 
 
21. How would you describe the environmental water quality in the bay ? 
 
Very high 0 
High 8 
Moderate 19 
Poor 3 
Very poor 3 
 
22. What antifouling products would you like to become available ? (open ended 

response) 
 
Non - polluting 4 
Stronger 1 
Longer lasting 2 
Cheaper 2 
 
 
 
 
 



 18

23. What antifouling facilities would you like to become available ? (open ended 
response) 

 
Better disposal 8 
Larger boatyard 3 
Dry dock 2 
 
 
3.4 Questionnaire survey analysis 

 

Commentary on Questions 1 – 23. Comparisons are made to HSE (2002) data where 

appropriate. 

 

1. 34 boat owners responded to the survey representing 10% of the marina berth 

holders. The responses were equally balanced between sailing and motor 

vessels. A range of AF treatments would therefore be expected, to suit the 

variety of hull types, boat speeds and uses. 

 

2. Boat length varied from 5m upwards with 50% over 10m in length. This 

compares closely with Norfolk Broads where 46% > 7.6m. but contrasts with 

the predominantly smaller boats of the Lake District and Midland Lakes. 

Vessels over 7.6m are much more likely to be kept permanently in the water 

during the boating season due to cost and difficulty of haul out and shore side 

storage. 

 

3. 91% were moored in the marina all year round. Consistent levels of antifoulant 

leachate would therefore be expected throughout the year within the marina. 

 

4. The most frequently used boats spent more than 70% of the time at their 

moorings. This represents the minimum proportion of the antifoulant applied 

that would leach into surface waters at the marina site. 

 

5. 86% of vessels travelled at least a mile to sea beyond the barrage. This transfer 

from fresh to seawater would be expected to kill stenohaline freshwater 

organisms and reduce fouling build up. This is a potential mechanism for 

antifouling control in Cardiff Bay 

 

94% of the sample were treated with antifouling paints. This figure compares to  

92% of boats on the Norfolk Broads  and 51% of boats in the Lake District and 
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Midland Lakes being treated with antifoulant. The high AF usage would be 

expected in marine and estuarine environments. Although freshwater, the direct 

access to the sea through the barrage may lead to a high proportion of boats being 

treated for marine and estuarine conditions. This finding supports the Advisory 

Committee on Pesticides concern over the assumption that AFP usage in 

freshwaters is significantly less than in marine sites. In Cardiff Bay this would 

appear not to be the case. It would make sense that recreational boating activity uses 

the freshwater harbour of Cardiff Bay as a base for access to the Welsh coast and 

Bristol Channel.  

 

6. A range of AFPs were used,  Blakes Tiger and International VC Offshore 

featured strongly (both marine preparations), however less than half of 

respondents knew what antifoulant had been applied.  

 

7. Selection of antifoulant was predominantly by boatyard and chandler 

recommendation. Interviews with the two boatyards operating in the bay 

showed that each recommended a, thin, hard, copper based, black antifoulant for 

use in the bay.  

 

8. 83% of respondents didn’t know the biocide used in the antifouling treatment. 

This supports the view that antifoulant is chosen by boat owners based on 

recommendation by boatyard of what works best. Blakes Tiger uses Cuprous 

oxide and  International VC Offshore with Teflon uses both Cuprous oxide and 

Dichlofluanid as biocides. (HSE 2005) 

 

 

9. Renewal rates for antifoulant was divided between those who carried out work 

annually (40%) and biannually (46%). In the 2001 survey antifouling was 

normally renewed annually amongst the 8000 treated boats on the Norfolk 

Broads. 

 

10. Average estimate of usage per application was 4.27 L compared to 2.61 L in 

Norfolk Broads. Using HSE formula (see appendix), estimate of total annual 

usage of antifouling paint within the marina is 1000 L. Applying the same 

formula to the 1500 boats permanently moored in Cardiff Bay would produce an 

annual usage estimate of 4300 L. 
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11. 60% of boat owners carried out their own maintenance, three quarters of whom 

did so in the hard standing area adjacent to the marina. From interviews with 

boatyard staff, most boat owners carry out pressure washing at the wash down 

area prior to moving the boat to hard standing.  

 

12. Most respondents found their antifouling treatment more than 70% effective. 

Interviews with six boat owners in the marina revealed that most felt that with 

the change to a freshwater environment in the bay they experienced less hull 

fouling that was easier to remove with pressure washing. 63% didn’t scrub the 

hull apart from during antifouling re-application, however a significant minority 

(29%) carried out mid summer pressure washing. 

 

13. Over 50% of the sample didn’t know how antifouling waste-water or paint 

scrapings were disposed of. Of those that did, only 3 knew that the wash down 

water was returned to the marina. 

 

14. 82% of responses perceived antifouling treatment to have insignificant, 

negligible or no effect on bay water quality. 71% described the water quality of 

the bay as being moderate or poor. This perception of water quality may 

influence the attitude to the effects of antifoulants.  

 

15. There was a low response rate to open ended questions 22 and 23. Some clear 

feedback emerged as to the need for better antifouling waste disposal and 

provision of a larger boatyard hard standing area and dry dock facility. Costs of 

haul out and wash down were felt to be high and cheaper DIY alternatives 

sought to enable more regular cleaning. 
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3.5 Conclusion 

 

High usage of antifouling (94%) suggests a high proportion of anti-fouled boats in 

the bay. Within the marina, an annual estimate of 1000 L of paint would be applied 

and the biocide predominantly (>70%) leached into the marina. AFP selection is 

done predominantly by chandler recommendation and equally divided between 

annual and biannual application. 

 

 The AFP usage patterns identify most closely with the Norfolk Broads in terms of 

UK freshwaters but reinforce the coastal nature of the site for recreational boating 

activity.  
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4 Analysis of patterns in total dissolved Cu and Zn in the surface waters of 

Cardiff Bay. 

 

4.1  Water quality sampling methodology 
 
Water quality monitoring is carried out by Cardiff Harbour Authority,  in 

accordance with its responsibility as the competent authority for the bay. 

Continuous monitoring of levels of dissolved oxygen is carried out using six fixed 

sample stations, data being relayed back to a central computer every fifteen minutes. 

Regular mobile monitoring is carried out using the harbour authority survey vessels. 

Monthly samples of surface water are collected at the sites identified in Figure 7. 

Sites were selected to be representative and were sited as shown in Table 1. 

The analysis of these samples includes dissolved Cu and Zn levels. This is routinely 

carried out by Severn Trent Laboratories using inductively coupled plasma optical 

emission spectroscopy. (ICP/OES) Samples are filtered and acidified with nitric 

acid prior to analysis. The concentrations of the metals are then determined directly 

by ICP/OES. (UKAS accredited method 53F) (Severn Trent Laboratories pers. 

comm.) 

 

 

  

 

 

 

 

 

 

Table 3: Water Quality Sampling Sites 
 
Site Easting Northing WGS84 Datum 

 (metres) (metres) Latitude Longitude 
     
4 318238.61 173869.03 51°27'28.2449"N 03°10'41.4729 "W 
5 318930.40 173571.09 51°27'18.9706"N 03°10'05.5186 "W 
6 319302.12 173830.79 51°27'27.7087"N 03°09'46.5226 "W 
9 318330.90 173128.38 51°27'04.5092"N 03°10'36.0757 "W 

10 318904.64 173076.21 51°27'02.9279"N 03°10'06.377 5"W 
15 318491.12 172466.15 51°26'43.1478"N 03°10'27.364 9"W 
16 318440.98 172583.18 51°26'46.8556"N 03°10'29.818 8"W 
17 317368.25 173133.96 51°27'04.0457"N 03°11'26.127 1"W 
19 316024.05 175106.62 51°28'07.1579"N 03°12'37.422 8"W 
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4.2 Water quality sampling results 

 

Levels of dissolved Cu and Zn were made available by the harbour authority from 

January 2003 to March 2006 giving a monthly snapshot of levels at nine sample 

stations over the last three years. 

The data for each sample site is shown in Figures 3 – 18.  

 From May 2005 total dissolved Cu has been described semi-quantitatively as 

 < 5mg/l and therefore these results have been treated separately. 

 For the purposes of calculating annual average levels, ‘less than’ values are set to 

half the limit of detection as applied by Mattiessen et al (1999) 

 

 

For all sites except site 15 surface water dissolved Cu levels are consistently below 

5 mg/l. 

At site 15 (inside marina) values fluctuated between 1 and 17.4 mg/l with an annual 

average value  from April 05 – Mar 06 of 12.5mg/l. 

 

Surface water zinc levels showed wider variability both within and between sites. 

Most recent annual average zinc levels (Apr 05 – Mar 06)  were lowest for site 6 

(9.2 mg/l) and highest at site 15 (42 mg/l) The highest concentration, measured at 

site 5 was 52 mg/l  
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Cardiff County Council  Figure 2: Water Quality Monitoring Locati ons    Cardiff Harbour Authority  
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Figure 3     Site 4 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 4    Site 5 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 5    Site 6 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 6     Site 9 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 7     Site 10 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 8    Site 15 Dissolved Cu Levels (Jan 03 – Mar 06) 
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Figure 9     Site 16 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 10     Site 19 Dissolved Cu Levels (Jan 03 – Apr 05) 
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Figure 11     Site 4 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 12     Site 5 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 13     Site 6 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 14     Site 9 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 15     Site 10 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 16     Site 15 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 17     Site 16 Dissolved Zn Levels (Jan 03 – Mar 06) 
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Figure 18 Site 19 Dissolved Zn Levels (Jan 03 – Mar 06) 
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4.3 Analysis of results 

 

Most recent annual average levels of dissolved Cu in Cardiff Bay fall within accepted UK 

EQS of 10mg/l for designated Salmonid freshwaters with hardness of 100 – 150 mg/l 

CaCO3 . Prediction of whether this represents a ‘safe’ concentration is based on the 

calculation of acutely toxic/lethal concentrations of dissolved Cu on specific aquatic 

organisms. Using the UK EQS value for Cu as a ‘safe’ level, the overall levels found in 

Cardiff Bay, including the input from recreational boating would not be considered to have 

a significant effect on aquatic organisms 

 

Within the Penarth marina, annual average levels of dissolved Cu are outside EQS limits, 

however these elevated levels are localised to the marina. (Site 16) Mitigation measures to 

reduce the total input of Cu into the marina are desirable and potential strategies are 

discussed in Chapter 6.  

 

Most recent annual average levels of dissolved Zn in Cardiff Bay fall within accepted UK 

EQS of 75mg/l for designated Salmonid freshwaters with hardness of 100 – 150 mg/l 

CaCO3 . Prediction of whether this represents a ‘safe’ concentration is based on the 

calculation of acutely toxic/lethal concentrations of dissolved Zn on specific aquatic 

organisms. Using the UK EQS value for Zn as a ‘safe’ level, the overall levels found in 

Cardiff Bay, including the input from recreational boating would not be considered to have 

a significant effect on aquatic organisms. 

 

Conclusion 

 

Surface water quality sampling in Cardiff Bay has identified annual average dissolved Cu 

and Zn levels to be within UK EQS and therefore not predicted to pose a serious risk of 

harm to aquatic organisms. Sampling identified most recent annual average dissolved Cu 

levels within the Penarth marina that exceed EQS (12.7mg/l)  
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5 Analysis of patterns in Cu and Zn in the sediment of Cardiff Bay. 

 

5.1  Sediment sampling methodology 

Sediment sampling provides a quantitative measure of the total Cu and Zn within the 

sediment. This is a total measure and cannot determine the contribution from recreational 

boating, however it can provide a baseline to identify patterns of change and can be referred 

against the concentration above which there is the potential for an adverse impact on the 

ecological quality of the bay. Sampling was carried out using Cardiff Harbour Authority 

Survey Vessel 1. Positions of sites were well established and regularly visited. They were 

identified both visually and checked with GPS equipment/Chart plotter on board. A sample 

was taken at each site using a 0.05m2 Van Veen Grab. Surface sediment was transferred to 

labelled airtight PVC screw top containers and refrigerated until sent for laboratory 

analysis. This was carried out at Severn Trent Laboratory Ltd using UKAS accredited 

method 30. This method determines the aqua regia extractable concentrations of copper and 

zinc in sediment samples. Metals are extracted from soil samples by extraction from 1g of 

soil (air dried, ground and sieved to pass through a 2mm sieve) using 21ml hydrochloric 

acid (S.G. 1.18), 7ml nitric acid (S.G. 1.42) and 2ml silicon antifoaming agent. Samples are 

placed, in Pyrex tubes, in bored graphite blocks on a hotplate (100 + 5ºC) for one hour then 

filtered through Whatman no. 542 or equivalent. Extracts are made up to 100 ml prior to 

analysis. The measurement of metal concentrations is determined directly by inductively 

coupled plasma optical emission spectroscopy at defined wavelengths ( Copper 327.396 nm  

and Zinc 206.200 nm). (Severn Trent Laboratory pers. comm.) 

The assessment of sediment contaminants by competent authorities in the UK uses the 

threshold effects level (TEL) and predicted effects level (PEL) approach developed by 

Environment Canada. (Environment Agency 2004) This approach is based on an 

assessment of biological and chemical laboratory and field data using both acute toxicity 

and benthic community studies. The TEL is the lower level and represents the 

concentration below which sediment associated chemicals are not considered to represent 

significant hazards to aquatic organisms. The PEL is the upper level and represents the 

lower limit of the range of chemical concentrations that have been associated with adverse 

biological effects. This approach produces three sediment categories:  

1. Below TEL 
2. Between TEL and PEL 
3. Above PEL 
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Bioavailability and toxicity of chemicals in sediments is affected by a wide range of issues, 

including: pH, sulphide and organic matter content, and particle size. Furthermore, the 

behaviour of chemicals in sediment and the routes of exposure of benthic organisms is only 

well enough understood to enable a ‘trigger’ or sediment quality guideline (SQG). This is 

then used to highlight a concern and determine risk to aquatic life rather than create a target 

level. (Environment Agency 2004) 

Table 5.  Draft freshwater sediment quality guidelines  
Measured in total fraction (dry weight). 
 
Chemical TEL PEL 
   

METALS (mg/kg)   

Arsenic 5.9 17 
Cadmium 0.596 3.53 
Chromium 37.3 90 
Copper 36.7 197 
Lead 35 91.3 
Mercury 0.174 0.486 
Nickel 18 35.9 
Zinc 123 315 
   
Source : Environment Agency (2004) 

 

Application of a decision matrix (see table 10) provides assistance with risk assessment and 

management strategy development. 

 

Table 6: Decision matrix for determination of SQG. 

 

 
Several issues have a bearing on SQG. Cu and Zn can both bioaccumulate, creating a 
potential change in higher food chain animals such as fish and birds.  Chemicals do not 
exist in isolation, synergistic or antagonistic effects should be considered.   
 
 
 

No data No sign of impact sign of impact
No data A B C
below TEL D E F
Between TEL and PEL G H I
Above PEL J K L

Biological data

Sediment data 
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5.2 Sediment sampling results 
 
 

Table 7: Sediment heavy metal sampling analysis 22/8/06 
Site 4 5 6 9 10 15 16 19 
Copper as Cu 
dry weight 
mg/kg 

56 64 59 41 75 77 52 9.4 

Zinc as Zn dry 
weight mg/kg 

290 330 330 240 370 180 280 120 

 
 
Table 8: Sediment heavy metal sampling analysis (Bebb 2001) (post Barrage construction) 
Site 4 5 6 9 10 15 16 19 
Copper as Cu 
dry weight 
mg/kg 

60.9 46.3 41.4    40.7  

Zinc as Zn dry 
weight mg/kg 

327 300 293    278  

 
 
 

5.3    Analysis of sediment sampling results. 
 
Copper 
 
 
At all sites except the upstream control site (19) , Cu levels fall into category 2, between 

threshold effects level and predicted effects level of sediment quality guidelines.  A 

previous study of the impact of the Cardiff Bay barrage on the benthic macrofauna 

communities (Bebb 2002) took equivalent sediment heavy metal samples at four of the 

same sites. Site 4 shows an 8% fall to 56mg/kg at the mouth of the River Taff and is no 

longer the site with the highest loading. Site 5 shows an increase of 27% to 64 mg/kg in the 

centre of the harbour, Site 6 a 30% increase to 59 mg/kg near the waterfront area and Site 

16 a 21% increase to 52 mg/kg at the mouth of the River Ely. 

 

The highest sediment Cu loading of 77mg/kg was found at Site 15 within the Penarth 

marina and 75 mg/kg at Site 10 in the River Taff channel. No comparable data was 

available for these sites. 
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Applying the Environment Agency assessment of sediment contaminants decision matrix to 

the data identify that the levels remain close to TEL. This reduces the risk of adverse effect 

to site integrity. These guidelines are used to meet the requirements of the Dangerous 

Substances Directive (976/464/EEC). Guidance on what represents good ecological status 

with regard to sediment Cu loading within the emerging EU Water Framework Directive is 

still being developed. 

 
Zinc 
 
 
There is wide variation in the sediment Zn levels across the bay. Site 19, the upstream 

control site falls just below threshold effects level of 123mg/kg at 120mg/kg. Site 10 

exceeds the predicted effects level of 315mg/kg at 370mg/kg. All other sites fall within 

TEL and PEL of sediment quality guidelines. Mean sediment loading across all sites is 

267mg/kg, approaching PEL. 

 Levels may be influenced by past industrial discharges from iron and steel works and coal 

mine drainage into the Rivers Taff and Ely, current consented discharges such as The Mint 

and changes in patterns of sedimentation since barrage construction. Boat traffic may also 

be a significant source of Zn from use in hull sacrificial anodes, however lowest levels were 

found at upstream control site and within Penarth Marina where use of sacrificial anodes 

would be expected to produce elevated levels. 

  Dredging activities post impoundment have removed, disturbed and re-suspended 

sediments throughout the bay in 2000/2001. Continuous aeration of the bay to maintain 

statutory dissolved oxygen levels may also influence sediment heavy metal chemistry. As 

with Cu, Zn complexes with dissolved organic matter affecting its bioavailability.  It is not 

possible to attribute Zn levels to any one particular source but SQG highlights contaminant 

levels of concern, such as the levels at Site 10 exceeding PEL. 
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5.4 Sediment Sampling Conclusions. 

 

Sampling has identified sediment Cu levels in the bay to be between TEL and PEL. 

Mean concentrations are closer to TEL and therefore of less concern in terms of potential 

for ecological impact. Highest levels are found in Penarth marina and in River Taff 

channel. (Site 10) 

 

 

Sampling has identified sediment Zn levels in the bay to be predominantly between TEL 

and PEL. 

Mean concentrations are closer to PEL and therefore of greater concern in terms of 

potential for ecological impact. Highest levels are found near barrage. (Site 10)



6 Future Environmental Management of Antifouling within Recreational Boating in 
Cardiff Bay 

 
 
 
6.1 Conclusions 
 
 
The pilot survey identified high, year round usage of antifoulant within recreational boating 

in Cardiff Bay. Although permanently moored in freshwater, the majority (86%) of 

surveyed vessels were used in the marine environment on a regular basis. The most 

commonly used and recommended antifoulants were copper based formulations for use in 

marine conditions. 

 

Knowledge of the antifouling treatment applied was not known in more than half of sample 

and the disposal of waste material was poorly understood. Potential for environmental 

impact from antifouling biocides was perceived to be negligible or insignificant. 

 

Surface water quality sampling in Cardiff Bay has identified annual average dissolved Cu 

and Zn levels to be within UK EQS and therefore not predicted to pose a serious risk of 

harm to aquatic organisms. Sampling identified annual average dissolved Cu levels within 

the Penarth marina that exceed EQS (12.7mg/l)  

 

Sediment sampling in Cardiff Bay has provided benchmark data that identifies levels of Cu 

and Zn that fall between TEL and PEL values of sediment quality guidelines. These levels 

would be expected to have an effect on the ecology of aquatic organisms within the bay but 

further detailed investigation of bioavailability and observed impact on biota would be 

needed before further conclusions could be drawn. The lowest levels of Zn were found at 

the control site and within Penarth Marina.  
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6.2 Discussion 
 
This study has identified that antifouling usage within recreational boating in Cardiff Bay is 

high (94%) of sample and that many boats remain in the water all year round. Antifouling 

is therefore a significant and continuous environmental interaction for recreational boats in 

the bay.  

 

Sampling has identified that, except for within the marina itself, levels of dissolved Cu 

within the bay fall within UK EQS.  

 

‘Safe’ levels of dissolved Cu, as measured by EQS, are not exceeded by existing 

antifouling treatment practices, except within Penarth Marina. The environmental 

interactions of Cu within the water column and sediment are complex and not fully 

understood. Where uncertainty exists, a risk assessment strategy such as EQS provides an 

established guideline, however, the responsibility not to cause potential harm 

(precautionary principle) still applies and input of Cu should be minimised.  

 

Schiff et al (2004) estimated the copper released from hull wash down to be 5% of total for 

an ‘average’ 9.1m powerboat, based on in situ measurements of antifouling paint leach 

rates.Boxall et al (2000) suggests that approximately 0.1% of the amount of Cu released 

from hull leaching can be recovered by controlling wash down wastewater. This was based 

on estimates of copper released during hull pressure washing of 90 to 2800 mg/vessel.  

 

Improvements to the management of wash down waste water, removed fouling and paint 

scrapings a are currently the subject of a trial at Hamble Point Marina, Hampshire.  The 

trial system uses a sump installed under the wash-down area into which a pump is fitted.  

The run off from the boat wash-down is collected and pumped to a series of two 10 um 

mesh filtration sacks for disposal. (Anon 2005) 

 

The environmental management of wash down waste material at Penarth Quays Marina is 

currently being investigated in consultation with Welsh Yachting Association and the 

GreenBlue initiative with a view to minimising the environmental impact of antifouling 

biocides. (S. Jones pers. comm.) 
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Boxall et al (2000) estimated mean leach rates of copper oxide from small vessels to be 16 

– 25 ug/cm2/day. Using average recreational vessel surface area below the water to be 

30.7m2 would give an estimated input of 1.67- 2.61kg of copper oxide for the 340 moored 

vessels in Penarth marina per day.  

 

The greatest reduction of copper leachate from antifouling would be from the use of copper 

biocide free coatings. This could take the form of: 

· non-toxic, non-stick coatings such as silicone or Teflon, 

·  self-polishing  antifouling paints without biocides, 

· Fibre-flock coatings, 

· Hard, non-abrasive coatings in combination with special cleaning procedures. 

 

Reduction in copper leachate could also be achieved through: 

· Use of low copper content antifouling paints. 

· Reduced application rates. E.g. every two years rather than annually. 

 

For even the most frequently used recreational boats, 70% of the time was found to be 

spent in freshwater conditions. The majority (86%) of boats surveyed travelled beyond the 

barrage, where exposure of the hull to seawater would be expected to kill stenohaline 

freshwater fouling organisms. 

The need for antifouling biocide would be expected to reduce in these circumstances. 

Establishing minimum effective concentrations of copper biocide to control fouling on 

recreational boats in Cardiff Bay may lead to changes in boatyard recommendations, based 

on >70% residence time in freshwater conditions. 
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6.3 Recommendations 

 

Within the marina, measures to reduce total input of copper are recommended. This may be 

achieved through a variety of methods as discussed including control of wash down 

materials, biocide free or reduced copper content antifouling coatings and reduced re-

application rates.  

 

Initiatives that help provide information and advice about anti fouling to boat-owners 

would support changes in practice. As such, publicity, adoption and implementation of the 

recently published Environmental Code of Practice (EA/BMF/RYA 2006) by boat owners, 

clubs and marinas would help deliver these outcomes. 

 

Total input of Cu, including current antifouling practice within current levels of recreational 

boating in Cardiff Bay does not generate levels that exceed current EQS outside the 

enclosed marina. Using EQS as a water quality benchmark, no significant harm to aquatic 

life would be predicted from existing levels of boating activity in the bay.  

 

Recommendation of anti-fouling paints may be based on the need to be effective in marine 

conditions beyond the barrage. The majority of boats were found to spend greater than 70% 

of their time in freshwater conditions and transfer from fresh to marine conditions. The use 

of AFP’s formulated for freshwater conditions may therefore be adequate and lead to 

reduced levels of copper input. 

 

Future Research 

 

To what extent does transfer from fresh to seawater affect fouling growth of boats in 

Cardiff Bay? 

What is the minimum effective concentration of Copper oxide biocide in anti fouling paint 

that inhibits fouling growth in the freshwater conditions of Cardiff Bay? 

How has the introduction of zebra mussels into Cardiff Bay affected hull fouling and how 

should it be managed? 
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