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stakeholders, Government Departments, future developers and the general public, and should be read 

only in the context of the document as a whole. This document does not provide legal or policy advice 

but rather a statement of known information about Manx territorial waters. 

The mapping detail contained in this document is subject to the limitations of scale and depiction of any 

feature, does not denote or infer right of way and no claim is made for the definitive nature of any 

feature shown on the mapping. New marine datasets created for the project have not been subject to 

formal verification. 

 

Copyright: 

All mapping, overlay data and intellectual property in this publication are subject to the following 

copyright:  

Charts: © Crown Copyright, Department of Infrastructure, Isle of Man. 2012. 

United Kingdom Hydrographic Office admiralty charts: © SeaZone Solutions Ltd. Licence no. 2005, 

[GDDI/10 & 012011.006]. © British Crown Copyright, 2005.  

NOT TO BE USED FOR NAVIGATION 

Reproduction of the maps in any form is prohibited without prior permission from the publishers. 
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Marine Pollution 
 

Introduction 

According to the UN Group of Experts on the Scientific Aspects of Marine Pollution (GESAMP), 

and as defined in UNCLOS,: 

‘Pollution of the marine environment means the introduction by man, directly or indirectly, of 

substances or energy into the marine environment, including estuaries, which results or is likely 

to result in such deleterious effects as: 

 harm to living resources and marine life, 

 hazards to human health, 

 hindrance to marine activities, including fishing and other legitimate uses of the sea,  

 impairment of quality for use of sea water and reduction of amenities.’ 

 

The discharge of pollutants to the marine environment can occur via many pathways including 

discharge from land through industrial, agricultural and domestic activities, from the 

atmosphere, and through the weathering of mineral bearing rock. A major pathway for 

pollutants to enter the coastal zone is via riverine systems.   

Pollutants can be classified in many ways, those that are readily broken down by organic 

processes are known as non-conservative pollutants (e.g. organic nutrients such as nitrogen 

and phosphorus). Other pollutants cannot be broken down by organic processes and can be 

very long lasting in the environment; such pollutants are known as conservative pollutants (e.g. 

Heavy metals, PCBs etc.). Plants and animals vary widely in their ability to regulate their heavy 

metal content. Both heavy metals and other persistent compounds such as halogenated 

hydrocarbons which cannot be excreted, remain in the body in an unchanged state and are 

continually added to during the life of the organism. This process is known as bioaccumulation. 

Animals feeding upon bio-accumulators, that equally are unable to regulate their metal 

contents, acquire an even greater body-burden of these substances, this is known as bio-

magnification. The chief significance of bio-magnification is that higher predators, which in the 

sea include man, can be exposed to large concentrations of conservative pollutants in their 

food.    

This chapter provides baseline information on water quality, heavy metals, chlorinated 

hydrocarbons, polycyclic aromatic hydrocarbons, radioactivity, plastic pollution, air quality and 

offshore visibility relevant to Manx Waters.  
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Water Quality 

Bathing Water Monitoring 
The European Union sets environmental quality standards for bathing waters across Europe. 

Whilst European Law is not applied to the Isle of Man, the Manx Government adopted the 

European standard as an objective in 1990 and has applied the standards as set out in 

76/160/EEC which is primarily concerned with contamination of bathing waters with sewage. 

Nineteen sites around the Island are monitored on a weekly basis for a twenty week period 

from mid-May to mid-September (Figure 1). A significant influence on bathing water quality on 

beaches around the Isle of Man is the discharge of untreated or partially treated sewage. The 

micro-organisms (bacteria and viruses) associated with sewage can be pathogenic and cause 

disease in humans. The most abundant organisms in sewage are however, the non-pathogenic 

coliforms which can be used as indicators of the presence of pathogens. The water samples 

collected from around the Island are analysed for the presence and number of these indicator 

bacteria. 

 

Figure 1. Plot of bathing water results (1999-2008) spanning the period of introduction of the sewage 

treatment scheme (Iris) in 2003/4 (denoted by blue lines). 
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Figure 1 show the results from the bathing water quality monitoring program for the years 

1999-2008. The results reveal an overall improvement in bathing water quality at beaches 

where sewage treatment has recently been installed. It is noted, however, that not all of these 

beaches meet the best standards all the time, which is because sewage is not the only source 

of bacterial contamination. Related to this, the quality of bathing water is widely accepted as 

being affected by weather, with extended periods of sunny, dry weather yielding better water 

quality than very wet periods, due to the dual effects of ultraviolet light from the sun killing 

bacteria coupled with reduced land run-off entering the sea. 

 

Nutrients in Seawater (phosphate, silicate and nitrogenous 

compounds) 
Seawater contains many nutrient species and several of these are routinely monitored in Manx 

Waters. Excessive nutrients entering the marine environment from agricultural and urban run-

off or from sewage outfalls can have detrimental effects on the coastal environment. Such 

effects include excessive growth of phytoplankton and other algae, the reduction of oxygen 

concentrations in bottom waters and sediments resulting in stress or death of benthic 

organisms and fish. In extreme cases excessive nutrient inputs to the marine environment can 

result in complete ecosystem dysfunction. Excessive nutrient concentrations of coastal waters 

have been linked with the increase in toxic and nuisance phytoplankton growth.   

 

Nutrients monitored by the Isle of Man government include total oxidised nitrogen (TON), 

soluble reactive phosphate (SRP), silicate and ammonia. Nutrient monitoring in Manx waters 

was initiated in 1954 by the now defunct Port Erin Marine Laboratory (PEML). Responsibility for 

this monitoring programme transferred to the government laboratory in 2006 after closure of 

PEML.  

These data sets are some of the longest established and most respected time-series of marine 

nutrient concentrations in European coastal waters, as such they are often the benchmark by 

which other data series are compared. They represent reference conditions for the Manx 

territorial sea and broader Irish Sea. 

Nutrient concentrations are currently monitored at five stations around the Island namely, 

Cypris (Port Erin), Resa (Santon Head), Targets (Jurby), Laxey and Ramsey (see plankton 

chapter, Figure 1 for map of locations). The oldest of these data series are those recorded from 

the Cypris station located approximately 5km due west of Port Erin Bay. Monitoring at the Resa 

station was initiated in 1994, whilst monitoring at the remaining stations began in 2006. 

 

Seasonality of Nutrient Salt Concentrations at the Cypris Station 
Nutrient salts exhibit a strong seasonality in Irish Sea waters which reflect biological uptake by 

planktonic primary production. Total oxidised nitrogen (TON) concentrations are at a maximum 

in late winter (February, March) with average concentrations in the region of 8μg/litre (Figure 

2a). Concentrations soon decrease after this time as TON is taken up by phytoplankton during 

the spring bloom. Nitrate is the limiting nutrient to phytoplankton in the marine realm and the 
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nitrogen pool can become completely depleted after the spring bloom. Regeneration of the 

nitrogen pool starts to take place during the late summer and autumn and continues to 

increase through the winter months. 

 

Soluble reactive phosphate (SRP) concentrations are generally an order of magnitude lower 

than for TON or silicate. As for TON, highest concentrations occur during late winter with peak 

concentrations of approximately 0.7μg/litre recorded (Figure 2b). Modification by the 

phytoplankton takes place during the spring bloom and concentrations of SRP drop rapidly but 

are rarely depleted completely. The phosphorous pool recharges during late summer and 

continues throughout the winter months. 

Just as for TON and SRP, silicate concentrations are at their maximum during the late winter 

months with peak concentrations of approximately 7μg/litre being recorded. Silicate is rapidly 

absorbed by the diatom constituent of the phytoplankton during the spring bloom and can 

become almost completely exhausted in surface waters by the mid summer. Silicate 

regeneration takes place during the autumn and winter months (Figure 2c).  
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Figure 2. (a-c). Seasonality of major nutrient salts recorded from the Cypris station (1955-2011). TON 

(7a, top), SRP (7b, middle) and Silicate (7c, bottom). 
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The Cypris Nutrient Time-Series 1954-2011 
The Cypris time-series is the only long term Irish Sea nutrient time series in existence. Figure 

3(a-c) shows the winter (Dec-Mar) concentrations of total oxidised nitrogen (TON), soluble 

reactive phosphate (SRP) and silicate for the years 1954-2011. Allen et al. (1998) analysed 

these time series using data collected between 1955 and 1991 (SRP), 1960 and 1984 (TON) 

and between 1959 and 1991 (silicate). These authors concluded that anthropogenic nutrient 

enrichment was the probable cause for the significant temporal trends of increasing winter 

concentrations of TON, SRP and Si recorded over the time period of their study. 

 

Gowen et al. (2002) reanalysed the Cypris time series (up to 1999) with the aim of placing the 

time-series in the context of oceanographic and riverine nutrient sources and confirmed the 

trends identified by Allen et al. for TON and SRP but not for Si. Gowen et al. (2002) concluded 

that the main period of TON increase was prior to the mid 1970s and that there was no 

evidence of any trends in this data series since this time. More recent analysis of the Cypris 

time series including data up to 2005 (Gowen et al. 2008) confirmed Gowen et al. (2002) study 

that no significant trend had occurred since the mid 1970s. However, their study did identify a 

significant decrease in SRP since 1989. Prior to the year 2000 significant amounts of 

phosphorous was discharged into the eastern Irish Sea from a phosphate processing plant on 

the Cumbrian coast. The decline in SRP recorded at the Cypris station mirrors the decline of 

these industrial loadings. 

Evans et al. (2003) also analysed the Cypris time series and argued that climatic variations also 

influenced nutrient concentrations in the Irish Sea. In fact, it could be argued that climate 

perturbations such as the North Atlantic Oscillation (NAO), is a significant driver of nutrient 

concentrations in the coastal zone. During periods of increased rainfall, such as that which 

would be experienced during the positive phase of the NAO, increased rainfall on land would 

increase leaching of nutrients into freshwater courses and subsequently increase TON and SRP 

discharge to the coastal zone. This hypothesis is further supported by the strong negative 

correlations found between salinity and TON and SRP in the Cypris data set. 

Analysing the Cypris data sets up to 2011 confirms that concentrations of TON and SRP have 

indeed decreased in recent years. By fitting an orthogonal polynomial function to the data 

(regression lines seen in Figure 3), it can be seen that TON concentrations appear to have 

decreased since the mid 1980s and SRP concentrations have decreased since the early 1980s. 

No significant trend can be determined for silicate concentrations.  
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Figure 3. Time-series of winter nutrients recorded at the Cypris Station (1955-2011). TON (3a, top), 

SRP (3b, middle) and silicate (3c, bottom). 
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Heavy Metals 

Heavy metals (also sometimes referred to as trace metals or trace elements) are natural 

constituents of the earth’s crust, they are relatively stable and cannot be degraded readily, and 

as such they tend to accumulate in sediments. The principle man-made sources of heavy 

metals to the marine environment come from industrial point sources (e.g. mines, smelters and 

other manufacturing industries) and from diffuse sources such as traffic, combustion by-

products etc.  

Mining on the Isle of Man dates back to at least the 13th century (Garrod 1972). Mining activity 

occurred throughout the Isle of Man but with major workings located at Foxdale and Laxey. 

These mines extracted zinc, lead, copper and in the northeast of the Island. The Foxdale mines 

produced lead (although zinc is present in the geology of the area also), whilst the Laxey mines 

produced zinc, lead and some copper. Mine production increased dramatically during the 18th 

century and peaked during the mid 19th century. The last mines on the Island closed during the 

1920s. Ore-bearing strata in the river catchments of the Isle of Man will naturally contribute 

heavy metals and mining activities can enhance this effect. Even after mining activities have 

ceased leachate from spoil heaps and mine workings can flow via freshwater systems to the 

estuaries and coast. The heavy metals become incorporated into sediments of estuarine and 

coastal waters and may then be taken up by biological activity into the local marine ecosystem.  

Southgate et al. (1983) produced the first studies on the heavy metal concentration in riverine 

and coastal habitats on the Isle of Man. These authors measured the concentrations of zinc, 

lead, copper and cadmium at various locations around the Island. The same study also 

investigated the heavy metal contents of four species of marine molluscs. Southgate et al. 

showed that the river systems associated with mining activity in the past (and their estuarine 

harbours) retained elevated concentrations of heavy metals (e.g. River Neb and Peel Harbour, 

Glen Maye and the Santon Burn, Laxey River and Laxey Harbour). It can be seen from Table 1 

below that concentrations of all four heavy metals were highest in the Peel and Laxey 

Estuaries. 

 

 

 

 

 

 

 

 

 



MMEA – Chapter 2.4 – Physical Environment 
 

Manx Marine Environmental Assessment – 2
nd

 Ed. October 2018.   12 
 

Table 1. Concentrations of zinc, lead, copper and cadmium (µg g-1) in sediments from the lower 

reaches of five estuarine harbours in the Isle of Man (From Southgate et al. 1983). NB: Results are 

from surveys undertaken during 1978 and 1979 prior to the installation of tidal gates at Peel and 

Douglas harbours. 

Locality Zinc Lead Copper Cadmium 

Peel lower 
estuary 

3255 1356 709 19 

Laxey lower 

estuary 

3062 982 318 28 

Douglas 

lower 

estuary 

202 173 44 2 

Castletown 

lower 
estuary 

181 116 159 2 

Ramsey 

lower 
estuary 

46 35 12 1 

 

Southgate et al. also recorded the heavy metal concentrations of four bivalve molluscs. Of 

these the common or blue mussel (Mytilus edulis) proved to be an ideal bioindicator of heavy 

metal concentrations.  The results from the study on the blue mussels collected from five 

estuaries around the Island again showed highest levels of zinc and lead associated with Peel 

and Laxey harbours and estuaries (Table 3). 

Table 2. Mean (± S.D) of zinc, lead, copper and cadmium (µg g-1 dry weight) in the whole body tissues 

of the blue mussel (Mytilus edulis) from the estuarine harbours of the Isle of Man. (After Southgate et 

al. 1983). 

Mytilus edulis Zinc Lead Copper Cadmium 

Peel 301±101.2 197.6±85.4 16.5±5.1 2.5± 

Laxey 264.4±140.2 94.6±35.1 12.6±5.2 8.6±4.1 

Douglas 147.9±74.0 41.8±14.2 22.3±7.6 4.5±2.1 

Castletown 132.3±64.6 37.1±17.1 27.5± 7.0±3.4 

Ramsey 91.3±56.0 20.4±17.3 10.6±7.7 2.8±1.6 

 

More recent studies undertaken at the Port Erin Marine Laboratory between 1994 and 1996 

show a very similar trend with respect to regions of high heavy metal content. Daka and 

Hawkins (2004) reported on a study which again showed highest concentrations of zinc, lead 

and copper found in the estuarine sediments of Laxey and Peel. The same authors also 

investigated the concentrations of heavy metals in the blue mussel, their results support those 

of Southgate et al. (1983) with highest concentrations of zinc and lead found in mussels 

collected from Laxey and Peel estuaries (Table 3). 
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Table 3. Mean concentration (±SE) of zinc, lead, copper and cadmium in sediments and blue mussel 
(Mytilus edulis) flesh from sites around the Isle of Man. (All values are in µg g-1 dry weight). (From 
Daka & Hawkins 2004)  * Insufficient mussels collected for analysis. 

 
 

 

Metal Castletown Laxey Peel Ramsey 

Sediment Zinc 104±24 879±27 554±12 99±20 

Sediment Lead 52±2 181±13 264±8 81±17 

Sediment Copper 19±1 83±14 37±1 17±0 

Sediment Cadmium 3±0 2±0 3±0 1±0 

Blue 
Mussel 

(Mytilus 
edulis) 

 
Zinc 

 
124±13 

 
257±25 

 
339±71 

 
99±10 

Blue 

Mussel 
(Mytilus 
edulis) 

 

Lead 

 

* 

 

79±4 

 

309±4 

 

16±2 

Blue 
Mussel 

(Mytilus 
edulis) 

 
Copper 

 
101.6±6 

 
13±2 

 
9±1 

 
10±1 

Blue 

Mussel 
(Mytilus 
edulis) 

 

Cadmium 

 

* 

 

3±0 

 

3±0 

 

2±0 

 
 

A major difference between the results published by Southgate et al. (1983) and Daka and 
Hawkins (2004) are the concentrations of heavy metals reported. Southgate et al. found 
concentrations of zinc and lead in sediments at concentrations up to 3255 µg g-1 and 1356 µg g-

1 respectively, while Daka and Hawkins reported concentrations which were significantly lower 
than this. Both of these studies have shown that the sediments of the rivers and estuarine 
harbours of the Isle of Man contained appreciable levels of zinc and lead with some copper also 
present whilst cadmium is relatively low.  
 
Recent analysis of sediment cores taken from Peel marina in 2017 (Kennington unpublished 

data) shows that concentrations of lead, cadmium and zinc remain elevated. Average, 

maximum and minimum concentrations of heavy metals from these core samples are shown in 

Table 4.  

Table 4. Average, maximum and minimum concentration of heavy metals from Peel Marina sediments 

in 2017 (all values as μg g-1, n=20). 

  As Cd Cr Cu Ni Pb Zn 

Average 32 5 32 82 33 1361 931 

Max. 80 20 46 275 47 6128 3786 

Min. 6 0.2 18 7 18 17 48 

 

Data on sediment heavy metal concentrations from offshore environments in the Manx 

territorial sea are more limited and the few surveys that have been undertaken in recent years 

have generally concentrated on the official dredge disposal sites at Douglas and Peel. It can be 
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seen from Table 5 that the concentrations of heavy metals are generally higher (with the 

exception of zinc) at the Peel dredge disposal than at Douglas. Comparing the concentrations 

from Peel inner harbour with the offshore disposal site indicates that the contaminants are 

readily dispersed from the disposal site.  

Table 5. Heavy metal concentrations at the Douglas (Do) and Peel (Pe) dredge disposal sites. 

  As Cd Cr Cu Ni Pb Zn 

Do 1 15.1 <1 7.2 2.7 6.2 25.1 99.2 

Do 2 11.8 <1 7 3.4 5.6 22.7 89.5 

Do 3 8.7 <1 12.3 7.3 9.6 29.5 345 

Do 4 12.2 <1 9 3 7.3 18.6 78.5 

Do 5 13.7 <1 10.9 2.7 8 17.3 42.2 

Average 12.3 <1 9.28 3.82 7.34 22.64 130.88 

Pe 1 16.9 <1 25 13.8 20.5 42.2 69.2 

Pe 2 12.2 <1 38.1 13.5 25 36.6 106 

Pe 3 33.8 <1 36.3 9.6 31.2 82.1 109 

Pe 4 12.5 <1 20.6 4.6 18.2 41.3 63.6 

Pe 5 10.9 <1 23.2 7.6 16.2 31.4 78.4 

Average 17.26 <1 28.64 9.82 22.22 46.72 85.24 

 
 
In 1993 Gibb et al. (1996) investigated the metal concentrations of sediments and blue mussels 
of the Neb estuary. Their study set out to show the degree and extent of contamination by lead 
and zinc in both the Neb estuary and adjacent coastline. The results suggest that lead, zinc and 
copper concentrations decrease to the north and south of the Neb Estuary. Gibb et al. also 
noted that concentrations of lead in mussels from the Neb Estuary and Fenella Beach exceeded 
concentrations acceptable in shellfish for human consumption. It should be noted that all of 
these studies were undertaken prior to the construction of the tidal lock gates at Peel and 
Douglas. In 2006, the Isle of Man Department of transport commissioned a survey of the 
geology and sediments of Peel inner harbour just after the water retention scheme was 
completed. Data from this survey show elevated concentrations of total lead, zinc and cadmium 
in the sediments with concentrations of total lead reaching 16450 mg kg-1, however leachable 
lead concentrations were low at 0.34 mg l-1. Analysis of the leachate concentrations for zinc 
came to 0.28 mg l-1 and for cadmium were below detectable limits of 0.4 mg l-1 (Johnson 
2006). These results suggest that the majority of the heavy metal component in Peel inner 
harbour is bound to the sediment and therefore not biologically available.     
 
Recent studies of the blue mussel reef at the mouth of the River Neb have shown a significant 
decrease in lead and cadmium concentrations over recent years. Data analysed between 2014 
and 2016 show mean concentrations of lead in blue mussels to be 97 µg g-1  (dry weight) with a 
concentration range of between 56 and 137 µg g-1  (dry weight). The most recent analysis 
(Kennington unpublished data) suggests there has been an approximate threefold decrease in 
lead concentrations between 2004 and 2016. Concentration of cadmium display similar trends 
with mean concentration between 2014 and 2016 being 1.2 µg g-1 (dry weight). The blue 
mussels at this location contain lead concentrations above maximum permissible limits for 
human consumption under EC directive 1881/2006.  
 
This decrease in heavy metal concentration in blue mussels is most likely a result of the 
introduction of a flap gate across the mouth of the Neb in 2006. The introduction of the flap 
gate for the development of Peel Marina essentially reduced river flow above the mussel reef 
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and as a result less contaminated sediments are now washed out of the marina basin onto the 
reef (Figure 4).  
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Figure 4. Trends in lead and cadmium concentrations in blue mussels from the mouth of the River Neb 
(µg g-1 dry weight). 

 
Allen et al. (1993) analysed blue mussel samples for cadmium, lead and copper from two sites 
on the Isle of Man and six other sites from around the Irish Sea. Allen et al.’s study concluded 
that concentrations of cadmium were below environmental guidelines (i.e. <2 µg g-1 dry 
weight) at all locations with the exception of Workington on the Cumbrian coast. Lead 
concentrations in mussel flesh were found to be below 5µg g-1 (dry weight) across the Irish 
Sea with the exception of the Isle of Man (Figure 5). Concentrations of lead at Whitestrand, on 
the west coast of the Isle of Man were in excess of 50µg g-1 (dry weight). These lead levels at 
Whitestrand were however still below maximum permissible levels in shellfish set by the UK 
Lead in food regulations act of 1979 (7.5 µg g-1 wet weight at Whitestrand compared to the 
then maximum permissible level of 10 µg g-1).  
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Figure 5. Cadmium, lead and copper in blue mussels (Mytilus edulis) from around the Irish Sea (µg g-1 
dry weight of whole soft parts) Redrawn from Allen et al. 1993. (Note different scale for Whitestrand). 

 
 
The studies of Allen et al. (1993) and Leah et al. (1992) on Arsenic levels in marine fish and 
shellfish remain the few studies into arsenic concentrations in marine fauna around the Isle of 
Man. Allen et al. (1993) reported on arsenic concentrations in the blue mussel (Mytilis edulis) 
from various locations around the Island (see Figure 6). Allen et al.’s study showed highest 
concentrations of arsenic to be found in Castletown Estuary, Whitestrand and Douglas and 
concluded that no localised elevation of arsenic levels in blue mussels were present at Laxey. 
Allen et al. also noted that arsenic concentrations in Manx mussels were not particularly high 
compared to those found in other coastal regions such as the southwest of England.  
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Figure 6.  Arsenic concentrations in Mussel (Mytilus edulis) flesh (µg g-1 wet weight). (After Allen et al. 
1993). 

 
Leah et al.’s (1992) study examined arsenic concentrations in Plaice (Pleuronectes platessa) at 
various localities in the eastern Irish Sea including one locality within the Manx territorial sea 
(see Figure 7). Allen et al.’s (1993) study also included analysing arsenic concentrations from 
plaice caught off Laxey. The data from both studies are presented in Table 6 for comparison. 
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 Leah et al. (1992) sampling sites 
  
 Allen et al. (1993) sampling location 
 
Figure 7. Sampling stations for Arsenic in muscle of Plaice (Pleuronectes platessa) in the Eastern Irish 
Sea (after Allen et al. (1993) & Leah et al. (1992)).  

 
 
It can be seen from Table 6 that arsenic concentrations in eastern Irish Sea plaice during the 
early 1990s was highest at the Laxey, Isle of Man and dumping ground 1 (DG1) sites as 
depicted in Figure 7. Leah et al.’s study showed highest concentrations to be found at DG1 (20 
mg kg-1) as well as towards the Isle of Man (18.8 mg kg-1). Leah et al. identified an offshore 
pattern of arsenic concentrations with levels increasing away from major riverine sources. Allen 
et al.’s study of plaice caught off Laxey showed mean concentrations of 24.3 mg kg-1. Both 
studies point out that despite the relatively high total concentrations of arsenic in fish caught at 
DG1 and in Manx waters, there is no cause for concern as regards human health as most of the 
arsenic is thought to be present as refractory organo-arsenic compounds of low mammalian 
toxicity. 
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Table 6. Total arsenic in muscle of plaice (Pleuronectes platessa) in the Eastern Irish Sea (after Leah et 
al. 1992 and Allen et al. 1993 (all data as μg g-1 wet weight)). 

 
Sampling Site n Mean SD 

Laxey 5 24.3 17.1 

Isle of Man 16 18.8 10.8 

Walney 30 6.6 2.4 

Fleetwood 29 6.1 2.3 

Ribble 30 5.2 2.0 

Great Orme 21 8.9 2.4 

Dumping Ground 1 29 20.5 17.0 

Dumping Ground 3 33 10.3 3.0 

 

 
  

Heavy Metals in Commercial Shellfish 
 
Kennington & Lenartwowicz (2017) reported on the heavy metal concentrations in commercial 
shellfish species fished from Manx waters, including king Scallops (Pecten maximus), queen 
Scallops (Aquepecten opercularis), whelks (Buccinum undatum), brown crab (Cancer pagurus) 
and lobster (Homarus gammarus). The study was conducted over a 22 month period between 
2014 and 2016.  
 
Average concentrations of heavy metals in the flesh of king scallops fished from four fishing 
grounds around the Isle of Man are shown in Table 7. Kennington and Lenartowicz (2017) 
reported that heavy metal concentrations in king scallops were generally highest in waters to 
the west of the island (Bradda & Targets) and are thought to reflect contamination through 
natural runoff and dredge disposal operations. 
 
Table 7. Averaged data on heavy metal concentrations in the king scallop (whole animal) from four 
Manx fishing grounds (as μg g-1 wet weight). 

 
 As Cd Cr Cu Ni Pb Zn 

Targets 2.76 2.62 0.61 1.57 0.36 0.44 42.86 

Bradda 2.58 2.97 0.25 2.41 0.23 0.31 32.52 

Ramsey 2.05 1.99 0.21 1.50 0.13 0.56 31.55 

Laxey  2.26 2.51 0.22 1.61 0.20 0.42 31.30 

 
 
Data collected on queen scallops during the same study are shown in Table 8. It can be seen 
that arsenic, chromium, and copper are highest at the two western fishing grounds (Targets 
and Chickens). The highest concentrations of lead were recorded in queen scallops collected at 
the Laxey fishing grounds and probably reflects discharges from the River Laxey catchment. 
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Table 8. Averaged data on heavy metal concentrations in the Queen scallop (whole animal) from four 
Manx fishing grounds (as μg g-1 wet weight). 
 

 As Cd Cr Cu Ni Pb Zn 

Targets 2.8 0.6 1.5 4.6 1.3 1.4 55.1 

Chickens 2.6 0.8 0.4 6.3 0.4 1.4 78.9 

Ramsey 1.9 1.0 0.4 2.7 0.2 1.2 41.5 

Laxey 2.2 0.6 0.4 4.5 0.3 1.8 59.3 

 
Comparisons between king scallops and queen scallops fished from the same grounds show 
that there is a difference in the take up of heavy metals in tissues between the two species. 
King scallops tend to accumulate cadmium at much higher concentrations whilst queen scallops 
have a higher lead and copper burden than king scallops. 
 
Kennington & Lenartowicz’s (2017) study could not identify any seasonal signal in heavy metal 
concentrations in either species of scallops fished from Manx waters. Kennington et al. (2017) 
suggest that both of these scallop species could act as good bio-indicator species in offshore 
environments with queen scallops useful for lead, copper, chromium, nickel and zinc and king 
scallops useful for cadmium. 
 
Concentrations of contaminants in shellfish caught for human consumption is regulated under 
EC directive EC1881/2006. This directive prescribes maximum permissible limits for the 
concentrations of contaminants such as lead and cadmium. Throughout the 22 month 
investigation into contaminants in Manx shellfish conducted by Kennington & Lenartowicz 
(2017), the parts of queen & king scallops most commonly eaten (adductor muscle and gonad) 
consistently have recorded concentrations of both lead and cadmium below the respective 
maximum limits. However, lead contamination in whole queen scallops (adductor muscle, 
gonad, gills and viscera) regularly exceeds the maximum limit prescribed in EU Regulation EC 
1881/2006. All fishing grounds appear to be affected with the exception of the Chickens fishing 
ground to the south of the Island (although data is limited for this site).  
 
 

 
 

Figure 8. Concentrations of lead in queen scallops (whole animal) collected from fishing grounds in 
Manx waters 2014-2016 (red line = Maximum permissible limit as set under EC1881). 

 
Kennington & Lenartowicz (2017) also reported results for heavy metals in the edible brown 
crab. Cadmium concentration in the white meat of edible crabs caught around the Isle of Man 
has been constantly low with highest concentrations of 0.03 μg g-1 being recorded from the 
west coast. Concentrations of lead in the white meat of crab have also been consistently lower 
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than the maximum permissible limit prescribed in EC 1881/2006. Maximum concentrations of 
lead (0.45 μg g-1) in crab white meat were from animals caught on the west coast of the Isle of 
Man.  
 
Concentrations of both lead and cadmium in the brown meat of crabs is considerably higher 
than those recorded for the white meat which is consistent with other regions of western 
Europe. Maximum concentrations of brown meat cadmium were recorded in crabs caught off 
the west coast of the island (Max concentration 17.9 μg g-1).  

 
A collaborative study between the Isle of Man Government Laboratory and Bangor University 
on the heavy metal contamination in the brown meat of edible crabs collected from the west 
and south  of the Isle of Man has recently been conducted (Radford 2016). Radford analysed 
the brown meat fraction from sixty individual animals and highlighted the variability in heavy 
metal contamination both between individuals and gender. The study showed maximum 
concentrations of cadmium to be 17.48 mg/kg and lead to be 0.36 (Table 9). Radford also 
showed that cadmium, zinc and chromium concentrations were significantly higher in the brown 
meat of females than that of males (Table 10). 
 
Table 9.  Average, maximum and minimum concentrations of heavy metals in edible crab brown meat 
fractions from around the Isle of Man (After Radford 2016). 

 

Metal 
Average (mg/kg) 
(Wet weight) 

Minimum 
concentration 
(mg/kg) 

Maximum 
concentration 
(mg/kg) 

Arsenic 14.93 ± 0.75 5.21 33.13 
Cadmium 3.47 ± 0.48 0.10 17.48 
Chromium 0.06 ± 0.01 0.00 0.80 
Copper 51.57 ± 5.13 8.97 205.84 
Nickel 0.06 ± 0.01 0.00 0.38 
Lead 0.11 ± 0.01 0.00 0.36 
Zinc 26.27 ± 1.12 11.60 54.50 
Total metal content 96.47± 6.48 30.61 290.94 
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Table 10. Results of ANOVA and Kruskall-Wallis tests conducted to determine if a significant variation 
in average Cancer pagurus brown meat metal concentrations (mg/kg wet weight) exists between 
gender. Average values given ± standard error. * indicates a statistically significant difference, ** 
indicates a nearly significant difference (after Radford 2016). 

 

Metal Sex 
Average ± SE 
(mg/kg) 

p 

Arsenic  
Female 15.25 ± 1.17 

0.665 
Male 14.67 ± 0.98 

Cadmium  
Female 5.05 ± 0.88 

0.001* 
Male 2.17 ± 0.39 

Chromium 
Female 0.06 ± 0.01 

0.052** 
Male 0.07 ± 0.03 

Copper  
Female 61.83 ± 9.20 

0.076 
Male 43.17 ± 5.22 

Nickel 
Female 0.10 ± 0.02 

0.004* 
Male 0.03 ± 0.01 

Lead 
Female 0.14 ± 0.02 

0.15 
Male 0.08 ± 0.02 

Zinc  
Female 32.39 ± 1.65 

<0.001* 
Male 21.26 ± 0.79 

Total metals  
Female 114.82 ± 11.16 

0.007* 
Male 81.46 ± 6.50 

 
 
Cadmium and lead concentrations in the claws, tail and legs of European lobsters are controlled 
under EC1881 which sets a maximum permissible limit of 0.5mg kg-1 for each metal. Cadmium 
and lead analysed from the white meat of lobster caught around the Isle of Man has 
consistently been below the limits of detection and well below the prescribed limit. 
 
Kennington and Lenartowicz (2017) also analysed the edible whelk (Buccinum undatum) caught 
around the Isle of Man for heavy metals and recorded maximum concentrations of 0.41 mg g-1 
for cadmium and 1.2 mg g-1 for lead.  
 
 
 

Chlorinated Hydrocarbons  
 
Pesticides and PCBs 
Unlike metals which occur naturally and may naturally be present in coastal seas, the majority 
of organic polluting compounds are man-made. Many metals exhibit a similar behaviour in the 
marine environment, whilst the availability of organic compounds and their partitioning between 
sediment and water is extremely variable. There are many types of organic compounds of 
marine environmental significance including polycyclic aromatic hydrocarbons (PAHs), 
organochlorine pesticides and organo-phosphorus compounds.  
 
Chlorinated hydrocarbons such as polychlorinated biphenyls (PCBs) and chlorinated pesticides 
are persistent compounds and as such can accumulate in the environment and can be toxic to 
both humans and marine organisms. The use of PCBs and some chlorinated pesticides (e.g. 
DDT) is now restricted by law in many countries and most are now controlled under the 
Stockholm convention (2004). The release of PCBs and other banned organic compounds to the 
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marine environment still continues however, via industrial leakage, scrapping of machinery and 
through leaching of landfill sites into water courses. 
 
Persistent organic compounds such as DDT and PCBs accumulate in the fatty tissues of 
organisms and both bio-accumulate and bio-magnify through the food chain. Higher predators 
are therefore at greater potential risk of chronic toxicity by such compounds as they store 
higher concentrations of such compounds in their tissues.  
 
Relatively few studies have been undertaken of persistent organic compounds in Manx coastal 
waters. Allen et al. (1992) undertook studies of chlorinated hydrocarbons in a limited number of 
fish and shellfish samples from around the Isle of Man. This study was later extended to the 
greater Irish Sea so as to put the Manx data in a broader Irish Sea context (Allen et al. 1993). 
The results from the 1993 analysis are presented in Figure 9. Belfast and New Brighton on the 
Mersey Estuary were the most contaminated over the range of substances analysed. Total PCBs 
were generally highest near to large industrial conurbations such as Belfast, Dublin, Holyhead 
and New Brighton, whilst Kirkudbright, Workington and the Manx sites all had reduced levels. 
Total DDT levels (dichlorodiphenyltrichloroethane plus its breakdown products) were found to 
be particularly high in Irish Sea terms at New Brighton. Lindane concentrations at the Manx 
sites were also significantly higher than at other locations reported in the study. Whilst the 
authors point out that the actual levels do not give cause for concern they specify that this is 
out of character with background levels of other pesticides found in Manx waters and may 
indicate a local source of contamination at that time. During the early 1990s DOLGE (now 
DEFA) used a pesticide spray containing Lindane to control seaweed flies on Douglas and Port 
Soderick beaches which may account for elevated concentrations on the east coast of the Isle 
of Man during that time. 
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Figure 9. Chlorinated pesticides and PCBs in mussels (Mytilus edulis) from around the Irish Sea as ng 
g-1 (dry weight) of whole soft parts. Total PCB and total DDT expressed as ng g  x 10-1 (after Allen et 
al. 1993). 

 
 
Following a report of a shag chick born with beak deformities on the Calf of Man in 1993, a 
study was instigated to investigate concentrations of chlorinated hydrocarbons in shag eggs.  
Concentrations of PCBs and pesticides recorded from this study are given in Figure 10. It can 
be seen that the bulk of the organochlorine residuals are in the form of PCBs, which are more 
than three times greater than total pesticide concentration. DDT (and its breakdown products) 
was the pesticide found in greatest quantities, followed by Dieldrin. The pesticide and PCB 
levels recorded in shag eggs by Allen et al. (1994) were around two orders of magnitude 
greater than those found in mussels from the Isle of Man. This reflects the ability of these 
compounds to biomagnify, with fish eating seabirds occupying a high trophic level. Allen et al. 
(1996) suggests that the concentrations of organochlorine in shag eggs probably reflects a 
more general picture of Irish Sea contamination than a strictly local one. 
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Figure 10. Pesticides and PCBs in shag eggs and mussels from Manx waters (ng g-1 dry weight). Note 
difference in scales of two orders of magnitude (From Allen et al. 1994). 

 

Thompson et al. (1996) studied the PCBs in blue mussels from around the Great Britain and 
Irish coast which included four sites from the Isle of Man (Table 11). Thompson et al. (1996) 
data shows that total PCBs in mussels around the Isle of Man are significantly lower than more 
industrialised localities in the Irish Sea such as the Mersey and Belfast Lough. 
 

-1 dry wt) in the blue mussel (M. edulis) from the Irish Sea 
(After Thompson et al. 1996). 

LOCATION PCB concentration in Mussels 

New Brighton 168 

Belfast  123 

Holyhead 92 

Dublin 42 

Douglas (IOM) 15 

Kirkcudbright 13 

Workington 7 

White Strand (IOM) 11 

Castletown (IOM) 28 

West coast (IOM) 15 
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Tri-Butyl-Tin (TBT) 
 
Trybutyltin (TBT) is an organometallic biocide used in antifouling paints to prevent the growth 
of barnacles and algae on the hulls of vessels and maritime structures. TBT causes imposex in 
marine gastropods and has been responsible for the eradication of certain species from areas 
with high usage such as ports and harbours. Gastropods such as the common dog whelk 
(Nucella lapillus) develop secondary male characteristics when exposed to concentrations of 
TBT as low 1 ng l-1 and at 4 ng l-1 the females become effectively sterile, which leads to the 
complete demise of local dog whelk populations. The toxic effects of TBT (and its degradation 
products) have been known of since the 1970s. Concerns over toxicity of these compounds led 
to a worldwide ban by the International Maritime Organization in 2008.  
 
The sub-lethal response of dog whelks to TBT makes them an ideal indicator of TBT pollution. 
Two indices are often used to assess the concentration of TBT in gastropods. The Relative 
Penis Size Index (RPS) which gives an indication of the intensity of imposex and the Vas 
Deferens Sequence Index (VDS) which can be used to assess the reproductive capacity of the 
female population. The RPS has proven to be a useful indicator of TBT, particularly at low 
levels, whilst the VDS is more important at higher concentrations (Gibbs and Bryan 1996). The 
VDS scale categorises the development of the penis and vas deferens in female dog whelks into 
six stages, with zero being normal and six being grossly affected and sterile (Gibbs et al. 1987). 
 
To date only a few studies have investigated the TBT concentrations of seawater and 
sediments around the Isle of Man. The first study was in the late 1980’s and early 1990s (Proud 
1994) whilst a more recent survey was conducted in 2005 (Howe 2010). Both studies 
investigated the concentrations of TBT at various localities around the Island and used the VDS 
and RPI indices to assess the impact of TBT on the dog whelk population.   
 
Proud’s (1994) study ran from 1987 to 1993 and showed TBT concentrations in water and 
sediments to be elevated at a number of localities around the Island. Port St Mary inner 
harbour was identified as a particular hotspot with seawater concentrations reaching 60ng l-1 in 
September 1992 way above the UK environmental quality standard (EQS) of 2ng l-1.  The 
localised effect of TBT is demonstrated by comparing seawater concentrations at the inner 
harbour in Port St Mary with Kallow Point which had concentrations below the EQS throughout 
the study period (Figure 11). 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/International_Maritime_Organization
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Figure 11. Tributyltin concentrations in seawater from Kallow point and Port St Mary inner harbour 
(November 1991 to July 1993) Red lines indicate UK environmental quality standard. All values are as 
ng l-1 tin as TBT.  

 
The more recent study by Howe (2010) has shown that concentrations of TBT in water samples 
have generally declined and are now low at most locations with the majority of samples 
analysed being below detectable limits. 
 
Both Proud’s (1994) and Howe’s (2010) studies identified elevated levels of TBT contamination 
in sediments particularly from Ramsey Harbour and Port St Mary inner harbour. Comparison of 
the concentrations of TBT between the two studies show that TBT in sediments at Port St Mary 
inner harbour have not changed much since the mid 1990s but concentrations at both Niarbyl 
and Port Erin harbours have increased (Figure 12). The apparent increase in contamination at 
Niarbyl and Port Erin harbour is possibly a function of contaminants binding to sediments which 
are subsequently mobilised by currents and relocated elsewhere or could be as a result of 
continued use of organotin based paints after the ban was introduced on the Island in 1988 
(Howe 2010).  
 
Howe (2010) concludes that TBT contamination, as a result of antifouling paints, is still an issue 
on the Isle of Man, even though contamination levels and stages of imposex have generally 
declined. Manx dog whelk populations have been impacted by the use of TBT antifouling paints. 
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Certain harbours such as Port St Mary inner harbour have seen the complete eradication of this 
species and contamination levels of TBT within the sediments of this harbour may preclude the 
colonisation by dog whelks for some time. However, the Island has shown signs of recovery 
since Proud’s (1996) initial observations and at the majority of locations initially identified as 
problematic in that study now show imposex stages to be low and at levels that would allow 
females to reproduce. 

 

 

 
 

Figure 12. Comparison of TBT concentrations in water samples (µg l-1) and sediments (µg kg-1) from 3 
localities on the Isle of Man in 1992 and 2005. PSMIH = Port St Mary inner harbour, PE = Port Erin, 
BDL = below detectable limits (after Proud 1994 and Howe 2010). 

 

Polycyclic Aromatic Hydrocarbons (PAHs) 

Polycyclic aromatic hydrocarbons (PAHs) are produced by the incomplete combustion of organic 

matter (e.g. in engines and incinerators, forest fires, etc.). PAHs can find their way into coastal 

environments via a number of pathways including urban runoff, atmospheric deposition, 

dredging operations and marine vessel operations.  

Until recently the concentrations of PAHs in sediments and biota around the Isle of Man was 

unknown. The first investigation into PAHs in Manx waters was undertaken in Peel inner 

harbour prior to the installation of the flap gate (Johnson et al. 2006). This study reported 

levels of total PAHs of between 487 μg kg-1 and 16,855 μg kg-1 sediment to be found in Peel 

inner harbour. More recent analysis conducted by the Isle of Man Government Laboratory in 

2013 showed surface sediments within Peel inner harbour had maximum total hydrocarbon 
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concentrations of approximately 1500 mg kg-1. The PAH congeners analysed showed that 

fluoranthene, benzo (a) pyrene,  Benzo (b) fluoranthene and benzo (a) anthracene were the 

most concentrated forms present in the sediments (Table 12). 

Table 12. PAH congeners results for Peel inner harbour (all results are as μg/kg dry weight except THC 

which is as mg/kg dry weight). 

 Peel 1 Peel 2 Peel 3 Peel 4 Peel 5 

Total Hydrocarbon 

(THC) (mg/kg) 

1161 1369 1276 1486 135 

Naphthalene 114.1 94 110.4 66.1 7.9 

Acenaphthylene 55.4 57.6 54.7 40.1 5.55 

Acenapthene 77 78.7 75.5 62.4 8.73 

Fluorene 104.6 120.4 122.3 102.6 14.2 

Phenanthrene 689.3 785.4 730.3 600.6 109.6 

Anthracene 244 265.8 326.1 220.9 32.7 

Fluoranthene 2015.9 2420.4 2275.8 1991.4 247.1 

Pyrene 1666.2 1885.7 1826.0 1544.6 183.8 

Benz(a)anthracene 978.2 1026.4 1034.8 856.0 104.4 

Chrysene 608.4 762.4 730.2 623.9 76.2 

Benzo(b)fluoranthene 1169.0 1341.3 1300.1 1242.6 130.9 

Benzo(k)fluoranthene 590.0 704.6 665.5 593.0 66.1 

Benzo(a)pyrene 1023.9 1221.1 1175.8 1020.7 113.3 

Indeno(1,2,3-cd)pyrene 851.5 1114.2 987.3 897.1 89.8 

Benzo(g,h,i)perylene 738.8 970.5 861.1 794.1 75.4 

Dibenzo(a,h)anthracene 150.9 196.1 173.6 157.1 15.5 

 

In 2017 the Government Laboratory extracted several cores from Peel marina and analysed the 

sediments for PAH congeners. Average concentrations of the 16 priority PAHs (identified by the 

European Environment Protection Agency as priority congeners) was 8582 μg kg-1 (maximum 

81,000, minimum 16 μg kg-1).  

Peel harbour is not unique in having elevated levels of PAH contamination. Surveys of the 

harbours of the Isle of Man indicate that whilst Peel inner harbour is the most contaminated, 
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both Douglas & Port St Mary inner harbours also have high levels of PAHs present in the 

sediments (Table 13).  

Table 13. PAH congener profiles of harbour sediments around the Isle of Man (all as µg kg-1 dry 

weight). 

Peel Breakwater Castletown Harbour Douglas Inner Harbour Laxey Inner Harbour PSM inner harbour Ramsey Harbour Peel inner harbour

Naphthalene 4 63 35 2 32 18 41

Acenaphthylene 2 29 64 3 48 15 19

Acenapthene 3 38 40 2 19 9 75

Fluorene 4 51 46 2 58 19 145

Phenanthrene 23 260 404 25 517 185 1056

Anthracene 7 144 192 9 172 48 484

Fluoranthene 32 532 1008 61 1107 393 2447

Pyrene 29 463 945 53 963 311 211

Benz(a)anthracene 10 202 410 23 454 139 916

Chrysene 12 224 442 27 475 163 792

Benzo(b)fluoranthene 8 159 390 20 359 137 92

Benzo(k)fluoranthene 3 71 174 9 199 67 333

Benzo(a)pyrene 5 147 358 18 397 126 690

Indeno(1,2,3-cd)pyrene 2 56 165 8 181 60 395

Benzo(g,h,i)perylene 2 52 181 9 175 60 792

Dibenzo(a,h)anthracene 0 12 39 2 48 14 95

Total EPA 16 Priority PAHs 144 2502 4895 273 5203 1762 8582  

 

PAH contamination in Shellfish 

Kennington & Lenartowicz (2017) investigated the PAH concentrations in Manx shellfish 

between 2014-2016. The data showed that PAH concentrations in both king and queen scallops 

have a strong seasonal cycle with highest concentrations being recorded from November to 

April and falling in May and remaining low throughout the summer and autumn months (Figure 

13). The study also investigated the PAH concentrations in different body parts of the animals 

and the results showed that PAHs are highly concentrated in the gonad. The spring decrease in 

PAH concentration is coincidental with the spawning times of these species in the Irish Sea 

(Kennington et al. 2017). 

The study also highlighted differences in PAH4 (sum of four congeners used as reference 

congeners under EC1881/2006) concentrations between fishing grounds. Highest 

concentrations were found from the Targets station (NW territorial sea) where concentrations 

reached over 28 μg kg-1 during the winter of 2015/6. Ramsey, Bradda and Laxey fishing 

grounds also record high levels of PAH4 in the king scallop (whole animal). The lowest winter 

concentrations were recorded from the Chickens fishing ground.  

Comparing data for PAH4 from a geographic perspective a potential concentration gradient can 

be seen with highest concentrations found to the north and North-West of the island (Targets & 

Ramsey) and deceasing in concentration to the south (Bradda, Laxey and Chickens). This 

gradient reflects the net transport of water in the Irish Sea which runs south to north and 

points to the Isle of Man as being a significant contributor to PAHs in the territorial sea. 
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Figure 13. Seasonality of PAH concentrations in the King (top) and queen (bottom) scallops caught in 

the Manx territorial sea. Data monthly averages between 2014-2016 (all as µg kg-1) 

Figure 14 shows the PAH4 concentrations in the white meat of crabs caught around the Isle of 

Man. It can be seen that concentrations of these PAHs remained below the maximum 

permissible limits of 12 µg/kg (as laid down in EC 1881/2006). Highest concentrations (7µg/kg) 

were recorded in crabs collected from the west coast of the Isle of Man. 
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Figure 14.  ∑PAH4 in the white meat of edible crabs caught in Manx Waters. (Red line = maximum 

permissible limit under EC1881.). 

Concentrations of PAH4 in the brown meat portions of edible crabs caught in Manx waters are 

shown in Figure 15. Whilst no Maximum Permissible Limit (MPL) exists under EC1881/2006 for 

these contaminants in the brown meat of edible crabs, it can be seen from the data that 

concentrations are much higher than those recorded in crab white meat. Maximum 

concentrations reached over 20µg/kg PAH4 in animals caught off the west coast of the island. 

 

Figure 15. ∑PAH4 in the brown meat of edible crabs caught in Manx Waters. 
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Radioactivity in the Manx Marine Environment 

Introduction 

The presence of radioactivity in Isle of Man coastal waters is of potential concern due to the 

proximity of the Sellafield nuclear site. Sellafield is one of two nuclear fuel reprocessing sites on 

Europe’s Atlantic coast, the other site is at Cap de la Hague in Normandy. The reprocessing of 

spent nuclear fuel generates the bulk of Sellafield’s radioactive discharges into the Irish Sea. 

The authorised discharges are very low concentrations which should not adversely affect the 

environment. The discharge of artificial radioactivity into the sea augments the trace of 

naturally occurring radioactivity in seawater. 

 

Naturally occurring radioactivity 
The sea contains both dissolved salts and particulate solids. Sodium chloride is the major 

component of the natural salts in seawater, but there are other minor components and very 

many trace elements. Almost all of the elements found in the rocks and soils of the earth’s 

surface are also found in the sea. The natural salts in seawater include many elements which 

have naturally occurring radioactive isotopes (radionuclides). Some elements such as potassium 

and uranium have relatively more significant amounts. Although all of the radionuclides in 

seawater are present at very low concentrations, they can be detected by complex laboratory 

methods. Potassium salts make the largest (88%) contribution to the natural radioactivity in 

seawater, due to a small but not insignificant fraction (0.012 %) of potassium which is 

radioactive potassium-40. 

 

Radioactivity levels are usually measured in Becquerels (Bq) per kilogram of seawater, the 

Becquerel being a very small unit (one radioactive disintegration per second). The natural 

radioactivity in seawater varies with its salinity. The salinity of enclosed seas results in higher 

natural radioactivity. The most radioactive is the Dead Sea which averages 178 Bq/kg. The 

open seas of the world have in their surface waters an average radioactivity content of 13.6 

Bq/kg with highest concentrations in open seas of around 22 Bq/kg in the Persian Gulf. The 

concentration is lower in mid-ocean at around 12.6 Bq/kg (figure 11). In comparison the 

average radioactivity level in the Irish Sea is about 13.7 Bq/kg which includes a small 

component due to the nuclear industry of about 0.7 Bq/kg (Walker & Rose 1990). 

 

Artificial radioactivity 
A trace amount of artificial radioactivity can also be found in seawater largely due to the 

nuclear industry’s sea discharges of low level radioactive effluent. Varying but low levels of 

several artificial radionuclides are also detectable in marine sediments. Other industrial 

discharges into the Irish Sea, such as effluents from the processing of phosphate rock for 

fertiliser production, have also enhanced the natural radioactivity content of marine sediments. 
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Figure 16. Radioactivity levels in the Irish sea compared to other Seas. (Bq kg-1). 

 

Small quantities of artificial radionuclides are present in seawater as a result of past 

atmospheric testing of nuclear weapons (1 Bq/kg) and also as a result of the authorised 

discharges of radioactivity from the nuclear power industry. Several artificial radionuclides are 

normally detectable in seawater including caesium-137, americium-241 and technetium-99. All 

artificial radionuclides found in seawater occur in very low concentrations with a seawater 

survey in 2009 recording concentrations of Cs-137 up to 0.1 Bq/kg in the eastern Irish Sea and 

Cs-137 < 0.05 Bq/kg elsewhere including Manx coastal waters (FSA 2010). The same 

radionuclides are found in sea sediments together with traces of plutonium isotopes (FSA 

2010). 

 

Sellafield  
The nuclear site at Sellafield (formerly known as Windscale) began discharging low level 

radioactive waste through pipelines into the Irish Sea in May 1952 (Gray et al. 1995). 

Discharges of radioactive effluent eventually reached their peak levels in the mid-1970’s. From 

then onwards the impact of a series of effluent treatment plants at Sellafield, significantly 

reduced the amount of radioactivity entering the Irish Sea, to the extent that present day 

discharges are only a few percent of the historic peak concentrations. However there have 

been periods when short term increases in the discharge of a particular radionuclide were 

permitted by the nuclear regulatory authority. Such authorisations are normally given when the 

site operator lacks the technology to remove a particular radionuclide from the effluent stream. 

A notable example occurred in 1995, when Sellafield was allowed to discharge increased 

concentrations of technetium-99 (Tc-99) into the Irish Sea. The technetium discharges 

impacted on crustaceans, particularly lobsters, which readily absorb and bioaccumulate 

technetium. Figure 17 below shows the subsequent rise in technetium-99 concentrations in 

lobsters caught off the Isle of Man coast, before the site operators initially cut discharge 

volumes, and then in 2004 installed additional treatment plant to remove technetium. The Tc-

99 levels in seafood including lobsters remained well below the applicable EC regulatory limits 

during the years when the elevated discharges occurred. 
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Radioactivity Monitoring results for Manx Waters 
Monitoring of radioactivity levels in seafood and the general marine environment is carried out 

by both the site operator (Sellafield 2010) and UK Government regulatory agencies (FSA 2010). 

The Isle of Man Government also publishes an annual radioactivity monitoring report which 

includes levels in seafood and indicator materials such as seaweed and harbour silts (IOM 

Government Laboratory reports 1989-2015) Link to website: https://www.gov.im/about-the-

government/departments/environment-food-and-agriculture/government-

laboratory/environmental-radioactivity/ 

 

Some species of seaweed are known to bioaccumulate technetium-99 from seawater. On the 

Isle of Man coast elevated but non-hazardous concentrations of Tc-99 are found in the brown 

wracks, particularly so in bladder-wrack (Fucus vesiculosus) (IOM Government Laboratory 

reports 1989-2015). The concentrations of Tc-99 detected in seaweed have been declining over 

the past decade dropping to around 50 Bq/kg in 2015. 

Radioactive contaminants from the nuclear industry are also found in sea sediment. The 

dispersion of radioactivity from its discharge point throughout the Irish Sea is governed by the 

physical and chemical properties of radioactive materials. The more soluble components such 

as caesium-137 and technetium-99 are mostly carried out into the North Atlantic whilst the less 

soluble components like the plutonium isotopes are absorbed on the seabed. Fine grain silts 

absorb radionuclides to a greater extent than the course-grained sands predominating on Isle 

of Man beaches. Sediment analysis carried out by IOM Gov Lab has consequently detected 

traces of caesium-137 averaging 4 Bq/kg and americium-241 are in some Isle of Man harbour 

silts (e.g. Ramsey and Peel) but the levels are far too low to be of any concern according to 

recommendations  issued by the International Commission on Radiological Protection (ICRP 

1990).   

 

Figure 17. Graph showing decreasing levels of Technetium 99 (Bq kg-1 wet weight) levels as found in 

Lobsters caught off the Isle of Man coast 1995 -2015. 

The EC maximum permitted 

level of Tc 99 in seafood is 

1250Bq kg
-1

 

https://www.gov.im/about-the-government/departments/environment-food-and-agriculture/government-laboratory/environmental-radioactivity/
https://www.gov.im/about-the-government/departments/environment-food-and-agriculture/government-laboratory/environmental-radioactivity/
https://www.gov.im/about-the-government/departments/environment-food-and-agriculture/government-laboratory/environmental-radioactivity/
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A portion of the artificial radioactivity now detected in seafood is from historic discharges, due 

in part to remobilisation of radioactivity from the seabed. Very low concentrations are also 

detectable in fish with Cs-137 averaging 2 Bq/kg in Cod, Cs-137 < 0.5 Bq/kg in shellfish and 

Tc-99 averaging 10 Bq/kg in lobster caught off the Isle of Man coast (Figure 17). The 

associated radiation exposure to consumers of seafood is consequently very small, at less than 

2% of the ICRP recommended maximum allowable exposure for the general public. (FSA 2010, 

IOM Government Reports 1989-2015, ICRP 1990). 

 

Marine Plastics 

Marine plastics have recently been identified as one of the most serious forms of pollution in 

the world’s oceans. Plastic debris can be found from the poles to the equator and from shallow 

coastal waters to the deepest waters of all oceans. There is a growing body of evidence that 

plastic debris is having drastic impacts on marine wildlife either through ingestion, 

entanglement or via smothering. Additionally, they have the ability to adsorb toxins in the 

water, increasing their possible impacts. These impact upon commercial fish and shellfish 

populations also. The EU Marine Strategy Framework Directive (MSFD) expert group on marine 

litter recently concluded that plastics present a “large scale and serious threat to the welfare of 

marine animals” (Werner et al. 2016). 

Plastic debris in the sea can be found in many forms and size scales from items of several 

meters squared to micro and nano-plastics which can impact upon different parts of the 

ecosystem. It has been estimated that around 70% of all the litter in the ocean is made of 

some form of plastic polymer. 

Plastics have also been shown to have contaminated fish stocks, for example, a recent study of 

Nephrops norvegicus (Norway lobster or Dublin Bay prawn) in the Firth of Clyde found over 80 

per cent of the population contained microplastics (Murray & Cowie 2011).   

Apart from the environmental impact of plastics in the ocean there are also other economic 

impacts. Fishing and shipping can be economically impacted by plastic debris which may foul 

nets and ship propulsion systems leading to economic loss. Plastics can also interfere with 

marine infrastructure (e.g. blocking inlet pipes) and have a negative impact upon tourism and 

human well-being. 

Beach litter surveys have been conducted around the UK and Manx coastlines over a number of 

years by the Marine Conservation Society. These surveys have shown that the quantity of litter 

on UK beaches has more than doubled over the past twenty years.  More recently the Manx 

charity Beach buddies have motivated volunteers to clean Manx beaches of marine litter.  

To date there have been no studies on the amount of plastics within territorial waters or the 

degree of plastic contamination in fisheries products. 
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Air Quality 

Air quality, describes the concentrations of specific pollutants within the air we breathe and 

allows us to describe the air quality within a particular location.  

 

Whilst air quality is not routinely monitored at offshore sites, terrestrial air quality monitoring on 

the Isle of Man was carried out over a ten year period indicating good air quality in accordance 

with objectives based on standards detailed within the Air Quality Strategy for England, 

Scotland, Wales and Northern Ireland issued by the UK’s DEFRA (former DETR) in 2000. Annual 

reports to assess requirements for monitoring on the Isle of Man ceased in 2009 as conclusions 

indicated a lack of requirement to take further measures. 

 

Certain potential marine and coastal developments may be required to carry out assessments 

for Air Quality depending on the nature of the development and site location.  

 

Manx data availability 
On the Isle of Man, the Environmental Protection Unit of DEFA managed two automated air 

monitoring stations at Richmond Hill and Quarterbridge to collect data from rural and urban 

locations. Both stations were commissioned during March/April 1997 and recorded data until 

2009, for the following pollutants with monitoring equipment comparable with the equipment 

used in similar monitoring stations within the United Kingdom National Air Quality Monitoring 

Network. Data collected included: 

 

 Oxides of Nitrogen (NOx) 

 Sulphur Dioxide (SO2) 

 Carbon Monoxide (CO) 

 Particulate Matter (PM10 and PM 2.5) 

 Ozone 

 Wind Speed and direction 

 Temperature 

 

Nitrogen Dioxide Diffusion Tube Monitoring was also carried out using NO2 diffusion tubes 

located around the Isle of Man. In addition, two NO2 diffusion tubes located at Richmond Hill 

Monitoring Station and two tubes are at Quarterbridge Monitoring Station allowed the NO2 

diffusion tube data to be bias adjusted against the corresponding monitoring data collected 

from the automatic monitoring stations.  

 

Updates to the UK Air Quality Strategy are not currently provided by the Isle of Man 

Government. 

 
Annual Air Quality reports (until 2009) summarising measurements from Richmond Hill and 
Quarterbridge air pollution monitoring stations are available at: https://www.gov.im/about-the-
government/departments/environment,-food-and-agriculture/environment-
directorate/environmental-protection-unit/air-quality/ 
 

https://www.gov.im/about-the-government/departments/environment,-food-and-agriculture/environment-directorate/environmental-protection-unit/air-quality/
https://www.gov.im/about-the-government/departments/environment,-food-and-agriculture/environment-directorate/environmental-protection-unit/air-quality/
https://www.gov.im/about-the-government/departments/environment,-food-and-agriculture/environment-directorate/environmental-protection-unit/air-quality/
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Data collected from the four Douglas sites were reported within the UK Nitrogen Dioxide 

Network Study managed by netcen: www.netcen.co.uk. 

 

For information relating to archived UK national air quality information, visit 
www.airquality.co.uk.  

 

 

Offshore Visibility 
Visibility is a measure of the distance at which an object or light can be clearly discerned. Of 

particular interest are periods of low visibility which can have an effect on all types of transport 

networks, but especially aviation and marine traffic and periods of high visibility where adjacent 

jurisdictions, their landscape and large infrastructure can be readily seen from the Isle of Man. 

Visibility around the Isle of Man is generally very good, especially in cold airstreams arriving 
from between west, through north, to northeast. In such conditions, the surrounding coasts 
and mountains of Ireland, Scotland, England and Wales are often clearly visible.  

For further information please also see MMEA Chapter 2.1 (Physical Environment). 

 

Regulatory Framework  
 

Marine pollution in the Manx territorial sea is currently regulated by the Water Pollution Act 

1993. This act enshrines in law several international conventions that the Isle of Man is a 

signatory to. These conventions include OSPAR, London, ASCOBANS and the convention on 

biological diversity all of which have priorities that aim to reduce marine pollution. 

The United Kingdom Government is a signatory to the 1992 OSPAR Convention for the 

Protection of the Marine Environment of the North-East Atlantic (OSPAR 1992). The UK 

Government has sovereign authority to represent the Isle of Man’s interests and obligations at 

meetings of the OSPAR Commission. The OSPAR Convention includes a strategy for substantial 

and progressive reductions in marine pollutants including radioactive discharges from nuclear 

sites (OSPAR 1992, 1998). A target has been set whereby, by the year 2020 nuclear waste 

discharges should result in close to zero concentrations in the marine environment (above the 

concentrations from historic discharges).  

The OSPAR Commission is implementing its strategy progressively by making every endeavour 

to move towards the target of the cessation of discharges, emissions and losses of hazardous 

substances by the year 2020. The hazardous substances related work is implemented by 

OSPAR's Hazardous Substances and Eutrophication Committee (HASEC). 

For further details please refer to Marine legislation Section of the full technical report. The 

OSPAR Quality Status Report 2010 is the OSPAR Commission’s most recent detailed report 

based on 10 years of monitoring and assessment of the North-East Atlantic (OSPAR 2010) 

http://www.gov.im/daff/enviro/protection/disclaimer.gov?url=http%3a%2f%2fwww.netcen.co.uk
http://www.netcen.co.uk/
http://www.gov.im/daff/enviro/protection/disclaimer.gov?url=http%3a%2f%2fwww.airquality.co.uk%2farchive%2findex.php
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QSR2010 is available as hard copy and as electronic version online at http://qsr2010.ospar.org 

and offline on DVD. 

 

Summary & Recommendations 

Marine pollution is a growing threat throughout the world’s oceans, pollutants can be 

conservative or non-conservative in nature and many have the ability to bioaccumulate and 

biomagnify up the food chain resulting in higher concentrations of contaminants being found in 

top predators (including humans). Other contaminants such as plastics have non-toxic, yet 

lethal impacts upon wildlife and can result in other societal losses such as fishing, marine 

transportation or tourism. 

Any developments within the Manx territorial sea would have to take into consideration the 

potential impact of disturbing potentially contaminated sites. Equally, development and 

discharges from land need to be monitored and properly licenced to ensure compliance with 

environmental regulations and the law so as to minimise the risk of pollution to aquatic 

systems. Marine operators should also minimise the risk of pollution from development activities 

and demonstrate best environmental practices to ensure any risk is negligible. 

http://qsr2010.ospar.org/
http://qsr2010.ospar.org/
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Glossary 

OSPAR - The OSPAR Commission was set up by the 1992 OSPAR Convention for the Protection 

of the Marine Environment of the North-East Atlantic, which unified and up-dated the 1972 Oslo 

and 1974 Paris Conventions. It brings together the governments of Belgium, Denmark, Finland, 

France, Germany, Iceland, Ireland, Luxembourg, the Netherlands, Norway, Portugal, Spain, 

Sweden, Switzerland and the United Kingdom, together with the European Commission on 

behalf of the European Union. 
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