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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 bioindicatorencompass a variety of uptake routesi.e.
Fucus vesiculosufdissolved contaminants); Littorina littorea (grazer); Mytilus eduis and
Cerastodermaedule (suspension feeders that accumulate from both dissolved phase and
suspended particulates); andNereisdiversicolor (omnivore which often reflects bioavailable
contaminants in sediment).Differences in feeding strategy and habitapreference can have
subtle implications for bioaccumulation trends though, wth few exceptions, contaminant
body burdens in Milford Haven (MH) were higher than those at the Tywi reference site.

Substantially devated metal concentrations were observed atindividual 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 themajority of metals, distributions in

MH biota were not exceptional by UK standardsSeveral metalspecies combinations
indicated increases in bioavailability at upstream siteswhich may reflect the influence of
geogeaic or other land-based sources enhanced in some cases by lower salinity (greater
proportions of more bioavailable forms).

TBT levels in musselswere below thresholds considered by OSPAR to be acutely toxic
though based on these guidelinessub-lethal effects cannot be ruled out aMH sites. TBT
(and other BT) levels in the Tywi were close to zero.Phenyltins were not accumulated
appreciably in Mytilus, whereas some Nereispopulations in MH may have been subjected to
localized (historical) sourcesretained in sediments

PAHs in Nereistendedto be evenly distributed across most sitesbut with somewhat higher

values at Dalefor acenaphthene, fluoranthene, grene, benzo(a)anthracene and chrysene,
whilst naphthalenestended to be enrichedfurther upstream in the mid-upper Haven (a

pattern which is seen in musseldor most PAHs) Whilst concentrations in Mytilus were

above OSPARbackgrounds, there was little indicatio n that generalized exotoxicological

guidelines for PAHs would be exceeded(although there has been no groundruthing of

these assunptions). PAH body burdens in Milford Haven biota were generally (but not

always) higher than thosein the Tywi Estuary.

Lipophilic PCBsin mussels were between upper and lower OSPAR guidelinesand were
unusual in their distribution in that highest levelsoccurred at the mouth of MH.This may be
a function of bettercondition and nutritional status (lipids) here, rather than contamination.

Overall, condition indices of bivalves (cockles and musss) were highest at the Tywi
reference site and at the mouth of Milford Haven, butdecreased upstream irthe 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
inthe Cl(andotheri AOEAOQOO 1 £ 1 Q. .Calde Brd bffeddriedda tb GeFedted more
rigorously as there a number of (natural) factors which may be influential. Contextual
physicochemicalinformation and published data on sources, pathways antbxicology of
contaminants has been included as part of the discussion of bioaccumulation results.

The strategy for biomonitoring undertakenin this project builds on established sampling
protocols andis proposed as @asis for a rolling programagainst which future changecould
be measured. Complementaryharmonised 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 comprehensiyet are
alsorecommendedfor the future.
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1 Introduction

1.1 Milford Haven Waterway and the requirement for biomonitoring

The Milford Haven Waterwayis the only example of a riatype estuary in Walesand

Is a component of the Pembrokeshire Marine Special Area of Conservation
encompassing a number of designated conservation features (Burton, 2006jhe
Haven properis fully marine for some 12km from he mouth (almost to the mouth
of the Pennar river) and consists of a shoreline of >100knThe Daucleddau-the
common Estuary of the Cleddau Riverss also considered marine (mesohaline) for
much of its length because of the small FW inflow relative to thdidal incursion
(Nelson-Smith, 1965).

Despiteits important conservation status, the Waterway is subjected potentially, to
contaminants from several sources includingatmospheric deposition, rivers
(dominated by E and W Cleddau)ndustry (e.g. oil refineries), domestic discharges
(WWtW and CSO), diffuse inputs associated wittip leachate, urban development
(Milford Haven, Haverfordwest, Pembroke,and Pembroke Dock) and agricultural
run-off. Maritime operations, pollution incidents (hydrocarbons and antfouling),
dredging and spoil disposakdd to thisinventory (Atkins, 2002). The importance of
Milford Haven as a port is likely to increase in coming yearsvhich could see a rise

in some ofthese pressures Contamination by biologicallydeleterious substances is
considered one of the more detrimental aspects arising from human actions, with
implications for favourable condition status of the sitej EECEI|l ECE GdaA AU
Empres§ 1 E1 OB Bdnde thE Valugobastahlishing meaningful monitoring
programme - to ensure unacceptabledeterioration is not occurring (and does not
occur in future) as a result ofanthropogenic events. Bioaccumulation surveillance,
and its interpretation, will help MHPA, CCW, EA Wales, and other members of
MHWESG, in theiresponsibilities 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 watgrality
analysis, toxicity testing and ecological survey proceduretgether with measures
designed for the incoming Water Framework Directive Biomonitoring is valuable
because it provides a direct measure of the bioavailability of contaminants.
Bioaccurulation 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 smalscale for mussels,
winkles, cockles, clams, oysters and razor fish, although commercial collection of
winkles and mussels for seed stock has occurresh the past within the Haven.
Limited seaweed harvesting occurs, primarily for the making of laver bread.

It may seem most relevant to base the dice of biomonitoring organism on one or
more of the species consumed by humans. However, there are other consideras

to be made; hese stem from the fact that different contaminants have their own
characteristics and that organisms accumulate them frora variety of sources, often
at different rates, adopting diverse accumulation strategies. Consequently, there is
no single universal indicator organism and the most useful monitoringrogrammes
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are likely to include analyses of several species, preferabbf 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 result®or 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 vesiculosu@lissolved contaminants); Littorina littore a
(grazer); Mytilus edulisand Cerastodermaedule(suspension feeders that accumulate
from both dissolved phase and suspended particulates); andereisdiversicolor (an
omnivore which often strongly reflects bioavailable contaminants in sediment e.g
Bryan et al, 1980, 1985; Langston and Spen¢&995).

By combining the information gained from these species it is likely that a reasonable
picture of the significance of biologicallyavailable contaminants in Milford Haven
Waterway will be achieved. A similar ationale 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 lostgrm
bioaccumulation data for the Haven (seeeview by Bent, 2000). Continuation of this
strategy, based on similar species and sitetherefore provides an opportunity to
seewhether there has beenimprovement or deterioration in contamination levels,
as well as providing a modern baseline against which future changan be gaged.

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 Spencge
1995); in particular seasonal and reproductive variations can cause body burdets
fluctuate (apparently) in the absence of any real change in contamination levels
(Langston and Spencgl995). In the context of detecting environmental changewe
have made effortsto identify and, where possible,minimize, the effects ofbiotic
factors such as seasonality and size during samplingnd to pay strict attention to
the quality of data.

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

1.2 Objectives

The key requirements of thecurrent project were:

Z 4 lestaBidh bioaccumulation surveillance at stations previously used by
Environment Agency Wales.

Z 41 A OOdabcuniuiation plograinkhe that offers wide coverage within
Milford Haven Waterway.

AT AA

Z 41 O1 AAOOAEA AET AAAOI O1 AGETT OOOOAEIT 1T AT AA
contaminants of interest to Group members. o A

E 41 AANOEOA AAOA 11 ATl colparisdddwith bankioaro O
data.



2 Methods

2.1 Sampling

MBA staf undertook field-survey work in Milford Haven on two occasions.The first
phase wasbetween 11h and 14h September 2007:the second phase was between
oth and 11t March 2008. Reference samles for each species were also collected in
the Tywi Estuary at these times Locations of the primary sites are shown in Figure
1; grid referencesand species occurrence are summarised inTable 1

Phase 1. The objective was primarily to collectNereis dversicolor 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 seaweedjvere 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 9 and 11t March 2008: The
objective, on this occasion, was to colled¥lytilus edulis (mussels), Cerastoderma
edule (cockles) and Fucus vesiculosuéladderwrack) 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 twofurther sites. Figure 1 shows the locations of the siteand
Table 1 summarises grid references and occurrence of individual species. Further
details of sampling sites and numbers collected can be found in Appendix 1.

W Cleddau E Cleddau

@ Landshipping

Black Tar, 3 Tywi
Dale 4 g
® Ferry Hill@gsLawrenny
® pembrake Ferry
Angle @&

Pennar™ @Pennar
Mouth

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 + | (B | () | ()
Landshipping Quay SN008108 ++ | (+) | ()
Black Tar SM999093 ++ () | ++ | ++
Lawrenny (Cresswell/Carew Mouth) | SN017063 + ++
Lawrennyj * AT EET 8 O 01 E SN009062 ++ + |+ |+
Ferry Hill SN003061 4F4F () | ++ | ++
PembrokeFerry (Waterlo o) SM982040 ++ ++ | ++
PembrokeFerry (Ferry Inn) SMB74047 ++ (+) | ++ | ++
Pembroke River(Pennar) SM959(R0 ++ ++ | ++ | ++ | ++
Pembroke River (Pennar Mouth) SM943028 ++ (+) | ++ | ++
Angle Bay SM870@7 ++ ++ | ++ | ++
Angle Bay SM868028 ++
Dale? SM809065 ++ ++ | ++ | ++
Dalex SM815075 ++

TYWI REFERENCE SAMPLES

Tywi (1.2km u/s of Ferryside) SN370117 ++ (+)
Tywi (St. Ishmae) SN361082 ++ ++ | ++ +

Key: Fuc, Fucus vesiculosudNer, Nereis diversicolorLit, 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 immediatelysubmitted to cleartup
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 23 days (Bryanet al.,1985). Shells were remeoed
in a vice opercula removedand soft tissues pooled for freezedrying and analysis as
described below. N. diversicolorwere sieved gently from the site sediments and
transferred into fine acidwashed sand covered with filtered 50% (Eddystone)
seawaterfor 6 daysbefore transferring to cleanwater for a further day (Bryan et al.,
1985). Worms from each location were pooled for freezedrying and analyss.
Individual F. vesiculosu$ronds were washed in filtered 50% Eddystone seawater
and adhering particles removed as far as possible with a pastry brusf.halli were
cut up into small pieces, avoiding vesicleand growing tips (Bryan et al., 1985).
These wereblotted dry of excess water andsamples from ~20 plants pooled for
freeze-drying and analysis as dexibed below.
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Bivalves M. edulisand C edulewere cleaned in filtered Eddystone seawater for 2nd
3-4 days respectively(Bryan et al., 1985). Mussels and cockles from each siteere
measured for shell lengths and total body weight. Soft tissues were dexted from
the shells,pooled and weighed in batches of 20 (mussels) or 30 (cocklesdnd 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(seeAppendix 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 digA1 1T £ AAOOAO
but may also be a function ofgreater availability and assimilation of food. The
condition index used in this studywas CI 4 as defined in Lundebyet al., 1997

Cl=(Soft tissue dry weight (g) x 1000)/(shell length (cm)}

Biometric data, tissue weights and results from the contaminant analyses described
below were input to Microsoft Excel spreadsheets. Statistical analyses were
performed using the Staistica package (Statsoft Corp.Metals data were interlinked

to anather, larger database holding comparable MBA data for most estuaries in
England and Wales.

2.4 Freeze-drying of biological material

Dissected and frozen biological samplefr contaminant analyseswere freeze-dried
to constant weight at-80°C and 1@ torr and were then homogenised by grinding to
a fine powder in a ceramic mortar and pestleHomogenised powders were stored,
desiccated, in resealablepolythene bags.Aliquots of the freeze dried materials were
processed and analysed for the following grups of determinands according to the
methods outlined. Detection limits are included.

Metals were analysed in all species; organics were analysed Mytilus edulisand

Nereis diversicolorNereis diversicolorand Littorina littorea were sampled in autumm
2007; Mytilus edulis, Cerastoderma edudend Fucus vesiculosus spring 2008.

11
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2.5 Metal s and organotin analyses

Metals

The suiteof metals analysedncluded: Ag,As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Sn,
and Zn.

Subsamples (0.5g) of freezedried homogenate were digested with 5ml HN@
(Fisons Primar grade) and 1 m H2O; in a Milestone (1200 Mega) microwave
digestion system.For analysis of Ag, a more traditional hotplate digestion of a
separate subsample offreeze-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 S
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 sulsamples of the
freeze-dried homogenate these were ashed in a muffle furnace and dissolved in
10ml HCI prior to analysis by hydride generation AA. Quality assurance included the
use of the Certified Reference Materials DORRI(National Research Council), LUFS
1 and IAEA140 (seaweed), which wererun 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 (ug g -1 dw)

Ag As Cd Co Cr Cu Hg Ni Pb Se Sn Zn

LOD 0.02 0.02 003 006 004 01 0.017 0075 01 0.02 0.01 0.1

Organotin analysis

Organotin compounds monitored included: monobuty, dibutyl- and tributyltin and
monophenyl-, diphenyl and triphenyltin.

The method used for the determinéion of TBT and other organotins was based on
that of Harino et al. (2005) developed at the MBA. Tissue sam@gncluding aliquots
spiked with standards, were extracted with HClI and acetone, extracted with
tropolone-benzene solution, propylated and cleare on florisil, prior to analysis by
GCFPD. The detection limits were ~0.004ug ¢ dry wt. Quality assurance was
established using ceified reference material, PACS1, CRM 462,477.

12



2.6 Polyaromatic hydrocarbon (PAH) analysis

Polyaromatic hydrocarbons &sayed 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) Limit of Detection
Pyrogenic (Py) (ug kg?)
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[Kk]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 freezedried 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 (seeVaneet al., 2007for details). The limits of detection for each individual
PAH areshown in the above tabé.

Quality control was achieved by subjecting a weltharacterised, lowlevel PAH
proficiency-testing marine sediment (Quasimemez QPHO048MS) to the above
procedure. A total of three QCs, three procedural blanks and duplicate sample
determinations were corducted at intervals throughout the analysis of the samples.

13



2.7 PCB analysis

The ICES 7 PCB congeners, 28, 52, 101, 118, 138, 153 and 180 were analysgddy
chromatography - mass spectrometry

Dried samples were extracted with hexane/acetone imn ASE200 (Dionex) system.

Extracts were cleaned on Florisil prior to gas chromatographynass spectrometry

(GCMS) on a Fisons 8000 GC directly coupled to Fisons MDO single-quadrupole

mass spectrometer. The limit of detection (LOD) was between Git8¢mnm .f CTEC
Quality control was achieved by subjecting a PCB certified reference material (LGC

6113) to the above procedure(see Vaneet al., 2007 for details).

2.8 Contextual information on body burdens

In order to place current Milford Haven biomonitoring data nto context, we have
used the following criteria.

Metals: comparisons with other estuariem MBA database

In order to make direct comparisons with other UK estuaries, metal concentratios

in MH samples was compared to equivalent data fahe same speies 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 dwer quartile value (lowest 25% of valueg they are
plotted as green barsred if above the upper quartile (highest 25%). Values in the
mid range (25-75t percentile) are represented as grey bars.

PCBs, TBT and PAH®mparison with OSPARuideline values

Extensive data are not available for other organic contaminants. OSPAR
Environmental Assessment Criteria(EAC) for TBT and PCBsn musselshave been
used to put Milford Haven Data into context

The OSPAR schemiglentifies two types of EAC:

a. O%! # O | 4 cbneeht@iibns 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$or TBT and PCBshown in the text).

b. O%! # O | gEdérgéntkabofsdabove which it is reasonable to expect acute
toxic effects on marine speciegplotted as red barg. The concentrations in
between these upper and lower values indicatesub-lethal effects (such as
biomarker responses)cannot be ruled out (plotted in grey)

Black bars are used where reference values have nbeen setfor a particular
contaminant.

14



The lower and higher OSPARnvironmental AOOAOOI AT O AOEOAOEA
chloro-biphenyls (CB9 in mussel are approximately 0.75 and 7.5 ug Kgwet weight,
respectively (OSPAR, 2000; NMMP 2004)hesehave been converted to dry weight
value of5 and 50 pg kgt dw by multiplying by the average wet:dry weight ratio of
6.66.

The lower and higher OSPARNvironmental assessment criteria (EAC) for TBT in
mussel are 0.012 and 0.175g kg?! wet weight, respectively ((5PAR, 2004).

For a number of PAHs we have compared values in relation to OSP&uckground
Concentration®A | Background Assessment Criteriefor mussels

a) BCzconcentrations expected at undeveloped sites around the North Atlantic

b) 0" A AE CAsdessineh Oriteria 6 abpve BAC concentrations, values can be

AT T OEAAOCAA OAAITEede akstimntaGar b&dwirom OSPAR,
2007).

Concentrationsat or below the BCvalues are plotted in green, those abovéhe BAC

in red. Concentrations betweenthesevaluesare 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 kg1 dry weight)

BC BAC
Naphthalene 1 81.2
Phenanthrene 4.5 12.6
Anthracene 1 2.7
Fluoranthene 7 11.2
Pyrene 55 10.1
Benz[a]anthracene 15 3.6
Chrysene 6.5 21.8
Benzo[a]pyrene 1 2.1
Benzo[ghi]perylene 25 7.2
Indeno[123-cd]pyrene 2 55
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3 Results and Discussion

3.1 Metals

Maps shaving the distribution of metals in Mytilus edulis Cerastoderma edule, Nereis
diversicolor, Littorina littorea and Fucus vesiculosuare shown in Figures2, 3, 4, 5
and 6,respectively. The raw data are presented irAppendix 3.

There were anticipated speges 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:

1 Milford Haven body burdens were generally either equivalent ta or higher
than, those at the site in the Tywi Estuary: the latter appearedto be a suitable
regional estuarine reference sitefor most contaminants Oneof the few
exceptions was the slightly higher Mn burden in Nereisat 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).

1 For the majority of metalsand speciesconcentrationsin 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 explanatioh

1 Concentrations of a few elements in certain taxa of MH Waterway were
consistently at the higher end of the UK ranggwithin the upper 25% of
values, as represented by red bars iRigures 2-6). These included As and Se
in molluscs and seaweedAlso, devated levels were observedor individual
sites/species namely, Mn (molluscs, seaweed) Co (mussels seaweed) Sn
(bivalves), Ni (cockles)and Fe (ragworm).

1 Increases in bioavailability at upstream sitesvere evident in several metal
species combinationswhich may reflect the influence of geogenic or other
land-based ®urces.This pattern may be enhancedurther 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), Caonfolluscs, seaweed, Mn(bivalves, seaweed,
Ag,Ni (bivalves, ragworm, seaweegland Sn (cockles, winkles).

1 Based oncurrent body burden datg there was little indication of localised

impact (as indicated in raised levels of bioaccumulationjrom sourcesin the
lower part of Milford Haven.

17



Ag Mussels As Mussels

As pg/g dw
Ag pg/g dw %0
_0.25 40
£0.2 30
£ 0.15 20
L 0.1
L0.05 Fo
0 0
75 km | \ 75 km, |
Cd Mussels Co Mussels
Cd pg/g dw Co pglg dw
1 1
0.8 [0.8
L 0.6 L0.6
1 0.4 B 10.4
L 0.2 T/)W,O.2
0 0
75 km | 75 km, |
Cr Mussels Cu Mussels
Cu pg/g dw
10
L8
Cr ug/g dw
Ha/g | 6
25
L2 4
L1.5
L2
L1
L05 Lo
0
75 km. \
Fe Mussels Hg Mussels
Fe pg/g dw
_500
Hg pg/g dw
400
_05
1300 04
| 200 +0.3
£0.2
100 . Y/)\Ahfo'l
0 0
75 km. | 75 km. |

Figure 2. Metals in mussels Mytilus edulis, pg g! 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 -75t percentile) are represented as grey bars. i ATT1 08088

18



Mn Mussels

Mn pg/g dw
25
L 20
115
L10

75 km.

Pb Mussels

Pb pg/g dw

75 km.

Sn Mussels

Sn pg/g dw

-1

0.8
L 0.6
L0.4
0.2

0

75 km.

Ni Mussels

Ni pg/g dw

25
L2
L15
L1
L0.5
0

75 km \

Se Mussels

Se pg/g dw

~10

75 km \

Zn Mussels

%,20
0

Zn pg/g dw

~100
L 80
L60
40

75 km. \

..Figure 2 (cont.) . Metals in mussels Mytilus edulis, pg g! 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 -75t percentile) are represented as grey bars.
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Figure 3. Metals in cockles Cerastoderma edule, ug g! 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 -75t percentile) are represented as grey bars § AT 1 .08 Q8
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8 & E ¢ O ©dht.).dVletals in cockles Cerastoderma edule, pg g! 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 -75t percentile) are represented as grey bars
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Figure 4. Metals in ragworm Nereis diversicolor, pg g! 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 -75t percentile) are represented as greybars. § AT T 08 Q8838
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....Figure 4 (cont.). Metals in ragworm Nereis diversicolor, pg g! 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 -75t percentile) are represented as grey bars.
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Figure 5. Metals in winkles Littorina littorea , pug g! dw. Values below the lower

guartile 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 -75t percentile) are represented as grey bars 8 i ATT106Qgss8s

75 km
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8 & E ¢ O (@dht.) uMetals in winkles Littorina littorea , pg g 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 -75t percentile) are represented as grey bars
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Figure 6. Metals in seaweed Fucus vesiculosus pg g! 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 -75t percentile) are represented as grey bars 8 i ATT1 08Qq88s8
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