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Executive Summary  
Biomonitoring of contaminants (metals, organotins, PAHs, PCBs) has been carried out at 
sites along the Milford Haven Waterway and at a reference site in the Tywi Estuary during 
2007-2008. The species used as bioindicators encompass a variety of uptake routes; i.e. 
Fucus vesiculosus (dissolved contaminants); Littorina  littorea  (grazer); Mytilus edulis and 
Cerastoderma edule (suspension feeders that accumulate from both dissolved phase and 
suspended particulates); and Nereis diversicolor (omnivore which often reflects bioavailable 
contaminants in sediment). Differences in feeding strategy and habitat preference can have 
subtle implications for bioaccumulation trends though, with few exceptions, contaminant 
body burdens in Milford Haven (MH) were higher than those at the Tywi reference site.  

Substantially elevated metal concentrations were observed at individual  MH sites for Mn 
(molluscs, seaweed), Co (mussels, seaweed), Sn (bivalves), Ni (cockles) and Fe (ragworm), 
whilst As and Se (molluscs and seaweed) were consistently at the higher end of the UK 
range for much of the MH Waterway. However, for the majority of metals, distributions in 
MH biota were not exceptional by UK standards. Several metal-species combinations 
indicated increases in bioavailability at upstream sites, which may reflect the influence of 
geogenic or other land-based sources - enhanced in some cases by lower salinity (greater 
proportions of more bioavailable forms).  

TBT levels in mussels were below thresholds considered by OSPAR to be acutely toxic, 
though based on these guidelines, sub-lethal effects cannot be ruled out at MH sites. TBT 
(and other BT) levels in the Tywi were close to zero. Phenyltins were not accumulated 
appreciably in Mytilus, whereas some Nereis populations in MH may have been subjected to 
localized (historical) sources retained in sediments. 

PAHs in Nereis tended to be evenly distributed across most sites, but with somewhat higher 
values at Dale for acenaphthene, fluoranthene, pyrene, benzo(a)anthracene and chrysene, 
whilst naphthalenes tended to be enriched further upstream in the mid-upper Haven (a 
pattern which is seen in mussels for most PAHs). Whilst concentrations in Mytilus were 
above OSPAR backgrounds, there was little indicatio n that generalized exotoxicological 
guidelines for PAHs would be exceeded (although there has been no ground-truthing  of 
these assumptions). PAH body burdens in Milford Haven biota were generally (but not 
always) higher than those in the Tywi Estuary. 

Lipophilic PCBs in mussels were between upper and lower OSPAR guidelines and were 
unusual in their distribution  in that highest levels occurred at the mouth of MH. This may be 
a function of better condition and nutritional status (lipids) here , rather than contamination.  

Overall, condition indices of bivalves (cockles and mussels) were highest at the Tywi 
reference site, and at the mouth of Milford Haven, but decreased upstream in the Waterway. 
There were a number of significant (negative) relationships between CI and body burdens 
and it is possible that a combination of contaminants could have an influence on this pattern 
in the CI (and other ÍÁÒËÅÒÓ ÏÆ ÏÒÇÁÎÉÓÍ ȬÈÅÁÌÔÈȭ). Cause and effect needs to be tested more 
rigorously as there a number of (natural) factors which may be influential. Contextual 
physicochemical information and published data on sources, pathways and toxicology of 
contaminants has been included as part of the discussion of bioaccumulation results. 

The strategy for biomonitoring undertaken in this project builds on established sampling 
protocols and is proposed as a basis for a rolling program against which future change could 
be measured. Complementary, harmonised monitoring  in which biological condition and 
environmental parameters are measured and interpreted alongside body burdens - using 
multivariate techniques to help assess the status of the site more comprehensively ɀ are 
also recommended for the future. 
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1 Introduction  

1.1 Milford Haven Waterway  and the requirement for biomonitoring  

The Milford Haven Waterway is the only example of a ria-type estuary in Wales and 
is a component of the Pembrokeshire Marine Special Area of Conservation, 
encompassing a number of designated conservation features (Burton, 2006). The 
Haven proper is fully marine for some 12km from the mouth (almost to the mouth 
of the Pennar river) and consists of a shoreline of >100km. The Daucleddau -the 
common Estuary of the Cleddau Rivers- is also considered marine (mesohaline) for 
much of its length because of the small FW inflow relative to the tidal incursion 
(Nelson-Smith, 1965).  

Despite its important conservation status, the Waterway is subjected, potentially, to 
contaminants from several sources including atmospheric deposition, rivers 
(dominated by E and W Cleddau), industry (e.g. oil refineries), domestic discharges 
(WWtW and CSO), diffuse inputs associated with tip leachate, urban development 
(Milford Haven, Haverfordwest, Pembroke, and Pembroke Dock) and agricultural 
run-off. Maritime operations, pollution incidents (hydrocarbons and antifouling), 
dredging and spoil disposal add to this inventory (Atkins, 2002). The importance of 
Milford Haven as a port is likely to increase in coming years, which could see a rise 
in some of these pressures. Contamination by biologically-deleterious substances is 
considered one of the more detrimental aspects arising from human actions, with 
implications for favourable condition status of the site ɉÈÉÇÈÌÉÇÈÔÅÄ ÂÙ ÔÈÅ ȬSea 
Empressȭ ÏÉÌ ÓÐÉÌÌ ÉÎ ρωωφɊ; hence the value of establishing a meaningful monitoring 
programme - to ensure unacceptable deterioration  is not occurring (and does not 
occur in future) as a result of anthropogenic events. Bioaccumulation surveillance, 
and its interpretation, will help  MHPA, CCW, EA Wales, and other members of 
MHWESG, in their responsibilities to apply appropriate assessments to safeguard 
against the likelihood of effects.  

There are various tools available to environmental managers to predict the likely 
adverse effects of contamination on marine ecosystems. These include water quality 
analysis, toxicity testing and ecological survey procedures together with measures 
designed for the incoming Water Framework Directive. Biomonitoring is valuable 
because it provides a direct measure of the bioavailability of contaminants. 
Bioaccumulation is not only an important component of environmental quality 
assessment but also, for commercial species, can have implications for human health. 
Shellfish gathering in the Waterway is currently mainly small-scale for mussels, 
winkles, cockles, clams, oysters and razor fish, although commercial collection of 
winkles and mussels for seed stock has occurred in the past within the Haven. 
Limited seaweed harvesting occurs, primarily for the making of laver bread.  

It may seem most relevant to base the choice of biomonitoring organism on one or 
more of the species consumed by humans. However, there are other considerations 
to be made; these stem from the fact that different contaminants have their own 
characteristics and that organisms accumulate them from a variety of sources, often 
at different rates, adopting diverse accumulation strategies. Consequently, there is 
no single universal indicator organism and the most useful monitoring programmes 
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are likely to include analyses of several species, preferably of differing ecological 
types (primary producer, detritivor , herbivor, filter feeder). Selection of indicators 
should be appropriate to the chemistry and form (dissolved, particulate, dietary) of 
the contaminants of concern. Hence, by integrating results for several different 
species it should be possible to obtain a broad appraisal of impact to the 
environment. The selection of species in the current project represents an 
appropriate blend i.e. Fucus vesiculosus (dissolved contaminants); Littorina  littore a 
(grazer); Mytilus edulis and Cerastoderma edule (suspension feeders that accumulate 
from both dissolved phase and suspended particulates); and Nereis diversicolor (an 
omnivore which often strongly reflects bioavailable contaminants in sediment e.g. 
Bryan et al, 1980, 1985; Langston and Spence, 1995). 

By combining the information gained from these species it is likely that a reasonable 
picture of the significance of biologically-available contaminants in Milford Haven 
Waterway will be achieved. A similar rationale was adopted for earlier NRA 
bioaccumulation surveys in Wales (Davies and Ellery, 1995), which, apart from a 
few MBA data for metals determined almost 30y ago, represent the only long-term 
bioaccumulation data for the Haven (see review by Bent, 2000). Continuation of this 
strategy, based on similar species and sites, therefore provides an opportunity to 
see whether there has been improvement or deterioration in contamination levels, 
as well as providing a modern baseline against which future change can be gauged.  

It is important to stress that biotic factors can sometimes modify responses of 
organisms to contaminants (e.g. Bryan et al., 1980, 1985; Langston and Spence, 
1995); in particular seasonal and reproductive variations can cause body burdens to 
fluctuate (apparently) in the absence of any real change in contamination levels 
(Langston and Spence, 1995). In the context of detecting environmental change, we 
have made efforts to identify and, where possible, minimize, the effects of biotic 
factors such as seasonality and size during sampling, and to pay strict attention to 
the quality of data.  

Finally, as pointed out by Bent (2000), although data on contaminants exists for 
Milford Haven, interpretation is often lacking. Contextual information on sources, 
pathways and the toxicological significance of contaminants has therefore been 
included as part of the discussion of bioaccumulation results. For metals, MBA has 
data for the same species, for most estuaries in Wales and England, enabling 
nationwide comparisons, as well as temporal insights, for some contaminants. 

1.2 Objectives  

The key requirements of the current project were: 
Ɇ 4Ï ÒÅ-establish bioaccumulation surveillance at stations previously used by 

Environment Agency Wales. 
Ɇ 4Ï ÅÓÔÁÂÌÉÓÈ Á ÂÉoaccumulation programme that offers wide coverage within 

Milford Haven Waterway. 
Ɇ 4Ï ÕÎÄÅÒÔÁËÅ ÂÉÏÁÃÃÕÍÕÌÁÔÉÏÎ ÓÕÒÖÅÉÌÌÁÎÃÅ ÏÎ Á ÒÁÎÇÅ ÏÆ ÍÅÔÁÌÓ ÁÎÄ ÏÒÇÁÎÉÃ 

contaminants of interest to Group members. 
Ɇ 4Ï ÁÃÑÕÉÒÅ ÄÁÔÁ ÏÎ ÁÎ ÁÎÎÕÁÌ ÂÁÓÉÓ ÔÏ ÅÎÁÂÌÅ ÒÅÇÕÌÁÒ comparisons with benchmark 

data. 
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2 Methods 

2.1 Sampling  

 

MBA staff undertook field-survey work in Milford Haven on two occasions. The first 
phase was between 11th and 14th September 2007: the second phase was between 
9th and 11th March 2008. Reference samples for each species were also collected in 
the Tywi Estuary at these times. Locations of the primary sites are shown in Figure 
1; grid references and species occurrences are summarised in Table 1.  

Phase 1: The objective was primarily to collect Nereis diversicolor and Littorina 
littorea  during the specified autumn sampling window for these species. 
Exploratory sampling and observations of other species were made for future 
reference. Six locations were sampled for each species within the Milford Haven 
Waterway, and a further control sample from the Tywi Estuary. Because of different 
habitat preferences, sites for Nereis (infaunal sediment dweller) and Littorina  
(grazer; mainly on rock and seaweed) were not always identical but were as close as 
practical. Further details of sampling sites and numbers collected can be found in 
Appendix 1. 

Phase 2 of the field-survey was undertaken between 9th and 11th March 2008: The 
objective, on this occasion, was to collect Mytilus edulis (mussels), Cerastoderma 
edule (cockles) and Fucus vesiculosus (bladderwrack)  from the control site (Tywi 
Estuary) and suitable locations within the Milford Haven Waterway. This included 
sites sampled for other species in phase 1 (as close as practical given habitat 
preferences), plus two further sites.  Figure 1 shows the locations of the sites and 
Table 1 summarises grid references and occurrence of individual species. Further 
details of sampling sites and numbers collected can be found in Appendix 1. 

 
 
Figure 1.  Location of sampling si tes for biota , Milford Haven and Tywi Estuary 
(see Appendix  1 for details) . 
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Table 1.  Summary of sampling sites and species distributions  
 
Site Map ref ( sites sampled ) Fuc Ner Lit  Myt  Cer 

MILFORD HAVEN WATERWAY 
Landshipping SN011118 (+) ++ (+) (+) (+) 
Landshipping Quay SN008108 (++)  ++ (+) (+) 
Black Tar SM999093 ++  (+) ++ ++ 
       
Lawrenny (Cresswell/Carew Mouth) SN017063 + ++    
Lawrenny ɉ*ÅÎËÉÎȭÓ 0ÏÉÎÔɊ SN009062 ++  ++ ++ ++ 
Ferry Hill  SN003061 ++  (+) ++ ++ 
       
Pembroke Ferry (Waterloo) SM982040 ++ ++ ++   
Pembroke Ferry (Ferry Inn)  SM974047 ++  (+) ++ ++ 
Pembroke River (Pennar) SM959020 ++ ++ ++ ++ ++ 
Pembroke River (Pennar Mouth) SM943028 ++  (+) ++ ++ 
Angle Bayb SM870027 ++  ++ ++ ++ 
Angle Baya SM868028  ++    
Daleb SM809065 ++  ++ ++ ++ 
Dalea SM815075  ++    

TYWI REFERENCE SAMPLES 
Tywi (1.2km u/s of Ferryside) SN370117  ++   (+) 
Tywi (St. Ishmael) SN361082 ++  ++ ++ + 

Key: Fuc, Fucus vesiculosus; Ner, Nereis diversicolor; Lit , Littorina littorea ; Myt,  Mytilus edulis; 
Cer, Cerastoderma edule.  + species present and sampled. ++ species numerous and sampled. 
(+) species present, but not sampled (in some cases, specimens too small or sparse). 

 
 
All biota were returned live to the MBA and immediately submitted to clean-up 
procedures in preparation for analysis, as described below. 
 
 

2.2 Sample clean-up and preparation  

 
On return to the laboratory L. littorea were cleaned in filtered, low-contaminant 
(Eddystone) aerated seawater for 2-3 days (Bryan et al., 1985). Shells were removed 
in a vice, opercula removed and soft tissues pooled for freeze-drying and analysis as 
described below. N. diversicolor were sieved gently from the site sediments and 
transferred into fine acid-washed sand covered with filtered 50% (Eddystone) 
seawater for 6 days before transferring to clean water for a further day (Bryan et al., 
1985). Worms from each location were pooled for freeze-drying and analysis. 
Individual F. vesiculosus fronds were washed in filtered 50% Eddystone seawater 
and adhering particles removed as far as possible with a pastry brush. Thalli were 
cut up into small pieces, avoiding vesicles and growing tips (Bryan et al., 1985). 
These were blotted dry of excess water and samples from ~20 plants pooled for 
freeze-drying and analysis as described below. 
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Bivalves M. edulis and C. edule were cleaned in filtered Eddystone seawater for 2 and 
3-4 days, respectively (Bryan et al., 1985). Mussels and cockles from each site were 
measured for shell lengths and total body weight. Soft tissues were dissected from 
the shells, pooled and weighed in batches of 20 (mussels) or 30 (cockles), and frozen 
prior to freeze drying.  
 
 

2.3 Biometric data  and Condition Indices . 

 
Whole organism size, weight and tissue wet and dry weight data were recorded for 
all species collected (see Appendix 2). 
 
Condition indices (CI) for bivalves generally describe the relationship between soft 
tissue dry weight (meat content) and the organism total size (volume). High CI 
values are often considered to represent an integrated sigÎÁÌ ÏÆ ÂÅÔÔÅÒ ȬÈÅÁÌÔÈȭ ÓÔÁÔÕÓ 
but may also be a function of greater availability and assimilation of food.   The 
condition index used in this study was CI 4 as defined in Lundebye et al., 1997: 
 

 
CI= (Soft tissue dry weight (g) x 1000)/(shell length (cm))3   

 
 
Biometric data, tissue weights and results from the contaminant analyses described 
below were input to Microsoft Excel spreadsheets. Statistical analyses were 
performed using the Statistica package (Statsoft Corp.). Metals data were interlinked 
to another, larger database holding comparable MBA data for most estuaries in 
England and Wales.   
 
 

2.4 Freeze-drying of biological material  

 
Dissected and frozen biological samples for contaminant analyses were freeze-dried 
to constant weight at -80°C and 10-3 torr and were then homogenised by grinding to 
a fine powder in a ceramic mortar and pestle. Homogenised powders were stored, 
desiccated, in re-sealable polythene bags. Aliquots of the freeze dried materials were 
processed and analysed for the following groups of determinands, according to the 
methods outlined. Detection limits are included. 
 
Metals were analysed in all species; organics were analysed in Mytilus edulis and 
Nereis diversicolor. Nereis diversicolor and Littorina littorea  were sampled in autumn 
2007; Mytilus edulis, Cerastoderma edule and Fucus vesiculosus in spring 2008. 
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2.5 Metal s and organotin analyses 

 
Metals 
 
The suite of metals analysed included: Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Sn, 
and Zn. 
 
Sub-samples (0.5g) of freeze-dried homogenate were digested with 5ml HNO3 
(Fisons Primar grade) and 1 ml H2O2 in a Milestone (1200 Mega) microwave 
digestion system. For analysis of Ag, a more traditional hotplate digestion of a 
separate subsample of freeze-dried homogenate was employed (Langston et al., 
1994), since Ag may be lost from nitric acid solution by the dormation of insoluble 
silver oxide. The clear homogeneous digests were analysed by Flame Atomic 
Absorption, or, where concentrations were low, by Graphite Furnace AA. Hg and Se 
were analysed by cold vapour and hydride generation systems, respectively. To 
prepare samples for arsenic and total tin analysis, 5 ml ashing slurry (6% 
magnesium nitrate, 10% magnesium oxide) were added to sub- samples of the 
freeze-dried homogenate; these were ashed in a muffle furnace and dissolved in 
10ml HCl prior to analysis by hydride generation AA. Quality assurance included the 
use of the Certified Reference Materials DORM-2 (National Research Council), LUTS-
1 and IAEA-140 (seaweed),  which were run as an analytical control with each batch 
of samples, ensuring that determinations fell within the confidence intervals of the 
assigned values. 

  
 

Table 2. Detection limits for metals (µg g -1 dw)  
 
   Ag As Cd Co Cr  Cu Hg Ni Pb Se Sn Zn 

             
             
LOD 0.02 0.02 0.03 0.06 0.04 0.1 0.017 0.075 0.1 0.02 0.01 0.1 

 
 
 
Organotin analysis 
 
Organotin compounds monitored included: monobutyl-, dibutyl- and tributyltin and 
monophenyl-, diphenyl- and triphenyltin.  
 
The method used for the determination of TBT and other organotins was based on 
that of Harino et al. (2005) developed at the MBA. Tissue samples, including aliquots 
spiked with standards, were extracted with HCl and acetone, extracted with 
tropolone-benzene solution, propylated and cleaned on florisil, prior to analysis by 
GC-FPD. The detection limits were ~0.004µg g-1 dry wt. Quality assurance was 
established using certified reference material, PACS-1, CRM 462,477. 
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2.6 Polyaromatic hydrocarbon  (PAH) analysis  

 
 
Polyaromatic hydrocarbons assayed and their limit of detection in mussels and 
ragworm in the current study are shown in Table 3. Their ring composition, 
molecular weight and most likely primary origin (Law et al., 1999) are also 
indicated.  

 
 
Table 3. Properties of PAHs analysed in Mytilus edulis  and Nereis diversicolor  
 

PAH No. of rings Molecular weight  Petrogenic (Pe)  
Pyrogenic (Py)  

Limit of Detection  

(µg kg-1) 

     
Naphthalene 2 128 Pe 0.3 
1-Methyl-naphthalene 2 142 Pe 0.3 
     
Phenanthrene 3 178 Pe 0.2 
Acenaphthene 3 154 Py 0.2 
Fluorene 3 166  0.1 
Anthracene 3 178 Py 0.1 
     
Fluoranthene 4 202 Py 0.6 
Pyrene 4 202 Py 0.7 
Benzo[a]anthracene 4 228 Py 0.3 
Chrysene 4 228 Py 0.2 
     
Benzo[b]fluoranthene 5 252 Py 0.2 
Perylene 5 252 Py 0.2 
Benzo[k]fluoranthene 5 252 Py 0.2 
Benzo[a]pyrene 5 252 Py 0.2 
Dibenzo[ah]anthracene 5 278 Py 0.6 
     
Benzo[ghi]perylene 6 276 Py 0.5 
Indeno[1,2,3-cd]pyrene 6 276 Py 0.4 

     

 

For PAHs, powdered freeze-dried tissue samples were extracted with acetonitrile 
and tetrahydrofuran (THF) aided by sonication.  Clarified, filtered extracts were 
analysed by HPLC (gradient programming) equipped with scanning fluorescence 
detector (see Vane et al., 2007 for details). The limits of detection for each individual 
PAH are shown in the above table. 

Quality control was achieved by subjecting a well-characterised, low-level PAH 
proficiency-testing marine sediment (Quasimeme ɀ QPH048MS) to the above 
procedure.  A total of three QCs, three procedural blanks and duplicate sample 
determinations were conducted at intervals throughout the analysis of the samples. 
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2.7 PCB analysis 

 
The ICES 7 PCB congeners, 28, 52, 101, 118, 138, 153 and 180 were analysed by gas 
chromatography - mass spectrometry. 
 
Dried samples were extracted with hexane/acetone in an ASE 200 (Dionex) system. 
Extracts were cleaned on Florisil prior to gas chromatography-mass spectrometry 
(GC-MS) on a Fisons 8000 GC directly coupled to Fisons MD-800 single-quadrupole 
mass spectrometer. The limit of detection (LOD) was between 0.1-πȢςπ ʈÇȾËÇ. 
Quality control was achieved by subjecting a PCB certified reference material (LGC 
6113) to the above procedure (see Vane et al., 2007 for details). 
 

2.8 Contextual information on body burdens  

 
In order to place current Milford Haven biomonitoring data into context, we have 
used the following criteria.  
 
Metals : comparisons with other estuaries in MBA database 
 
In order to make direct comparisons with other UK estuaries, metal concentrations 
in MH samples was compared to equivalent data for the same species in other UK 
estuaries, contained in our own database. MH data are ranked in comparison to the 
rest of the UK and expressed as percentiles of the values present in the database. If 
current MH data are below the lower quartile value (lowest 25% of values) they are 
plotted as green bars, red if above the upper quartile (highest 25%). Values in the 
mid range (25-75th percentile) are represented as grey bars.  
 
PCBs, TBT and PAHs: comparison with OSPAR Guideline values  
 
Extensive data are not available for other organic contaminants. OSPAR 
Environmental Assessment Criteria (EAC) for TBT and PCBs in mussels have been 
used to put Milford Haven Data into context. 
The OSPAR scheme identifies two types of EAC: 
 

a. Ȱ%!#Ó ɉÌÏ×ÅÒɊȱ ɀ concentrations below which it is reasonable to expect that 
there will be an acceptable level of protection from chronic effects 
(presented as green bars in the maps  for TBT and PCBs shown in the text).  

b. Ȱ%!#Ó ɉÈÉÇÈÅÒɊȱ ɀ concentrations above which it is reasonable to expect acute 
toxic effects on marine species (plotted as red bars). The concentrations in 
between these upper and lower values indicate sub-lethal effects (such as 
biomarker responses) cannot be ruled out (plotted in grey).  

 
Black bars are used where reference values have not been set for a particular 
contaminant. 
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The lower and higher OSPAR environmental ÁÓÓÅÓÓÍÅÎÔ ÃÒÉÔÅÒÉÁ ɉ%!#Ɋ ÆÏÒ В)#%3χ  
chloro-biphenyls (CBs) in mussel are approximately 0.75 and 7.5 µg kg-1 wet weight, 
respectively (OSPAR, 2000; NMMP 2004). These have been converted to dry weight 
value of 5 and 50 µg kg-1 dw by multiply ing by the average wet:dry weight ratio of 
6.66. 
 
The lower and higher OSPAR environmental assessment criteria (EAC) for TBT in 
mussel are 0.012 and 0.175 mg kg-1 wet weight, respectively (OSPAR, 2004). 
 
For a number of PAHs we have compared values in relation to OSPAR ȬBackground 
Concentrationsȭ ÁÎÄ ȬBackground Assessment Criteriaȭ for mussels  
 

a) BCɀconcentrations expected at undeveloped sites around the North Atlantic  
 

b) Ȭ"ÁÃËÇÒÏÕÎÄ Assessment Criteriaȭ ɉabove BAC concentrations, values can be 
ÃÏÎÓÉÄÅÒÅÄ ȬÁÂÏÖÅ ÂÁÃËÇÒÏÕÎÄȭ). These are summarised below (from OSPAR, 
2007). 
 

Concentrations at or below the BC values are plotted in green, those above the BAC 
in red. Concentrations between these values are plotted in grey. Black bars are used 
for those PAHs where reference values have not been set. 
 
It should be noted that all such classifications are for guideline purposes only and 
are based on generic data.  
 
 
 

Table 4. Background Concentrations  (BC) and Background Assessment 
Criteria (BAC) for PAHs  in mussels  (2004/5 data; OSPAR, 2007)  

 

                                                                                                           (mg kg-1 dry weight)  
 

 BC BAC 
   
Naphthalene 1 81.2 
Phenanthrene 4.5 12.6 
Anthracene 1 2.7 
Fluoranthene 7 11.2 
Pyrene 5.5 10.1 
Benz[a]anthracene 1.5 3.6 
Chrysene  6.5 21.8 
Benzo[a]pyrene 1 2.1 
Benzo[ghi]perylene 2.5 7.2 
Indeno[123-cd]pyrene 2 5.5 
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3 Results and Discussion  

3.1 Metals 

 
Maps showing the distribution of metals in Mytilus edulis, Cerastoderma edule, Nereis 
diversicolor, Littorina littorea and Fucus vesiculosus are shown in Figures 2, 3, 4, 5 
and 6, respectively. The raw data are presented in Appendix 3. 
 
There were anticipated species differences in body burdens and spatial trends due 
to physiological and ecological attributes of individual bioindicators and the 
chemical properties of different metals. However it is possible to make some general 
observations regarding bioavailability: 
 
 
¶ Milford Haven body burdens were generally either equivalent to, or higher 

than, those at the site in the Tywi Estuary: the latter appeared to be a suitable 
regional estuarine reference site for most contaminants. One of the few 
exceptions was the slightly higher Mn burden in Nereis at the upper Tywi 
sediment site (Figure 4): this may reflect local sediment pore water 
conditions, particularly lower salinity (i.e. this apparent anomaly may be due 
to natural factors rather than pollution). 

 
¶ For the majority of metals and species, concentrations in Milford Haven biota 

were at the lower-middle part of the UK range (green and grey bars, 
respectively, in Figures 2-6; see legend for explanation). 

 
¶ Concentrations of a few elements in certain taxa of MH Waterway were 

consistently at the higher end of the UK range (within the upper 25% of 
values, as represented  by red bars in Figures 2-6). These included As and Se 
in molluscs and seaweed. Also, elevated levels were observed for individual 
sites/species: namely, Mn (molluscs, seaweed), Co (mussels, seaweed), Sn 
(bivalves), Ni (cockles) and Fe (ragworm). 

 
¶ Increases in bioavailability at upstream sites were evident in several metal-

species combinations, which may reflect the influence of geogenic or other 
land-based sources. This pattern may be enhanced further by lower salinities 
upstream (greater proportions of more bioavailable forms and less 
competition from chloride complexation). The strongest of these gradients 
were seen for Cd (bivalves), Co (molluscs, seaweed), Mn(bivalves, seaweed), 
Ag, Ni (bivalves, ragworm, seaweed) and Sn (cockles, winkles). 

 
¶ Based on current body burden data, there was little  indication of localised 

impact (as indicated in raised levels of bioaccumulation) from sources in the 
lower part of Milford Haven.  
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Figure 2. Metals in mussels Mytilus edulis , µg g-1 dry weight.  Values below the 
lower quartile value (lowest 25%) of values in MBA UK data base are plotted 
as green bars and red if above the upper quartile (highest 25%). Value s in the 
mid range (25 -75 th  percentile) are represented as grey bars.       ɉÃÏÎÔȢɊȣȣ 



19 
 

 

75 km.

Mn Mussels

0

5

10

15

20

25

Mn µg/g dw

75 km.

Ni Mussels

0

0.5

1

1.5

2

2.5

Ni µg/g dw

75 km.

Pb Mussels

0

1

2

3

4

5

Pb µg/g dw

75 km.

Se Mussels

0

2

4

6

8

10

Se µg/g dw

75 km.

Sn Mussels

0

0.2

0.4

0.6

0.8

1

Sn µg/g dw

75 km.

Zn Mussels

0
20
40
60
80
100

Zn µg/g dw

 
 
 
...Figure  2 (cont.) . Metals in mussels Mytilus edulis , µg g-1 dw. Values below the 
lower quartile value (lowest 25%) of values in MBA UK data base are plotted 
as green bars and red if above the upper quartile ( highest 25%). Values in the 
mid -range (25 -75 th  percentile) are represented as grey bars.  
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Figure  3. Metals in cockles Cerastoderma edule, µg g-1 dw. Values below the 
lower quartile value (lo west 25%) of values in MBA UK data base are plotted 
as green bars and red if above the upper quartile (highest 25%). Values in the 
mid -range (25 -75 th  percentile) are represented as grey bars  ɉÃÏÎÔȢɊȣ.  
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ȣ&ÉÇÕÒÅ σɉcont.) . Metals in cockles Cerastoderma edule , µg g-1 dw. Values 
below the lower quartile value (lowest 25%) of values in MBA UK data base 
are plotted as green bars and red if above the upper quartile (highest 25%). 
Values in the mid range (25 -75 th  percentile) are represented as grey bars . 
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Figure  4. Metals in ragworm Nereis diversicolor , µg g-1 dw. Values below the 
lower quartile value (lowest 25%) of values in MBA UK data base are plotted 
as green bars and red if above the upper quartile (highest 25%). Values in the 
mid range (25 -75th  percentile) are represented as grey bars.    ɉÃÏÎÔȢɊȣȢȢ  
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....Figure 4 (cont.) . Metals in ragworm Nereis diversicolor , µg g-1 dw. Values 
below the lower quartile value (lowest 25%) of values in MBA UK data base 
are plotted as green bars and red if above the upper quartile (highest 25%). 
Values in the mid range (25 -75 th  percentile) are represented as grey bars.  
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Figure  5. Metals in winkles  Littorina littorea , µg g-1 dw. Values below the lower 
quartile value (lowest 25%) of valu es in MBA UK data base are plotted as 
green bars and red if above the upper quartile (highest 25%). Values in the 
mid range (25 -75 th  percentile) are represented as grey bars Ȣ      ɉÃÏÎÔɊȣȢȢ 
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ȣ&ÉÇÕÒÅ υ (cont.) . Metals in winkles Littorina littorea , µg g-1 dw. Values below 
the lower quartile value (lowest 25%) of values in MBA UK data base are 
plotted as green bars and red if above the upper quartile (highest 25%). 
Values in the mid range (25 -75 th  percentile) are represented as grey bars . 
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Figure  6. Metals in seaweed Fucus vesiculosus, µg g-1 dw. Values below the 
lower quartile value (lowest 25%) of values in MBA UK data base are plotted 
as green bars and red if above the upper quartile (highest 25%). Values in the 
mid range (25 -75 th  percentile) are represented as grey bars Ȣ     ɉÃÏÎÔȢɊȣȢȢ 




















































































