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ABSTRACT

Concentrations of metals (Fe, Mn, Cu, Cd, Zn and Pb) in the mediterranean mussel Mytilus
galloprovincialis were investigated at five sites along the west coast of the Cape Peninsula, Cape
Town. The mussels were collected seasonally for one year starting from autumn 2010 and analysed
using an ICP-MS. On the spatial and temporal scales, metal concentrations differed, with no clear
trends. Of the five sites sampled, metal concentrations were lowest at Scarborough, the southern-
most site, and seasonally, lowest during summer.The results indicated that most metals in the soft
tissue of mussels were below the recommended concentrations (internationally), permissible legal
limit (for South Africa) as well as historical data (for the same area) suggesting that biota in the
coastal area sampled was not contaminated by metals. There is however a need for continuous
biomonitoring the coastal area of South Africa as the results found here might not apply to the rest

of the South African coastline.

KEY WORDS : Metals, Mussels, Cape Town, Seasonal variation, Temporal variation,
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INTRODUCTION

There is a growing concern about the increasing
concentrations of metals in the coastal environment
(water and sediments) due to their ability to
bioaccumulate in organisms and the subsequent
adverse effects that high concentrations of metals
can have on the biota (Morse et al., 1993; Besada et
al., 2011). The sources of the metals are varied and
include freshwater (Forget, 2003), atmospheric
sources (Williams et al., 1998), natural components of
the marine environment (Ansari ef al., 2004; Besada
et al., 2011) as well as anthropogenic discharges
(Goldberg and Bertine, 2000). The continual release
of metals from anthropogenic sources has resulted
in concern about the integrity of coastal
environments, in particular those with high tourism
revenues (Goldberg and Bertine 2000; Beaumont et
al., 2007; Besada et al., 2011), as polluted

environments could result in decreased revenue
(Beaumont et al., 2007).

The effects of metals in the environment are often
not evident until large scale effects such as changes
in ecosystem structure and function can be detected
(Cevika et al., 2008). By then the metals could have
accumulated in organisms (as well as the food
chain) (Besada et al., 2011) and this results in people
consuming seafood that has been exposed to metals,
with potential dire consequences to their health
(Cevika et al., 2008; Joksimovic et al., 2011).
Knowledge about the levels of metals within
systems are therefore important as these could
provide information that could prevent people
being exposed to detrimental levels of metals and
provide information about the toxicity of organisms
prevalent in the ecosystem. Determination of metal
concentrations in organisms should therefore be part
of any assessment and monitoring programme of
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coastal systems (Shulkin et al., 2003).

The Mediterranean mussel, Mytilus
galloprovincialis, is a predominantly sublittoral
mussel prevalent along the coasts of southern
Africa. These mussels can densely cover rocky
shores up to nearly 1 m above the low water spring
tide (Du Plessis, 1977; Griffiths, 1981). These mussels
form extensive beds in the lower intertidal and
subtidal zones, in particular along the west and
southwest coast of South Africa (Griffiths, 1981). The
distribution of M. galloprovincialis is from Walvis Bay
in Namibia to the north, to Port Alfred along the
south coast of South Africa (Branch et al., 2010). Over
the past 30 years, M. galloprovincialis has become
increasingly dominant as an alien mussel, often
displacing the local species, Choromytilusmeridionalis,
due to its ability to tolerate a wider range of
environmental conditions (Griffiths, 1981). This
dominance could also be because M. galloprovincialis
are superior bioaccumulators of many chemical
substances and they are therefore able to tolerate
exposure to pollutants such as metals (Cevik et al.,
2008). Although extensive studies have been done
on metal accumulation in mussels in other parts of
the world, in particular the northern hemisphere
(Sarki et al., 1995; Cajaraville et al., 2000; Cevik et al.,
2008; Unlii et al., 2008; Besada et al., 2011), such
investigations are sparse in the southern hemisphere
and can be considered to be non-existent in South
Africa since the 1980’s (O’ Donoghue and Marshall,
2003).

Marine bivalves are known to accumulate metals
to relatively high concentrations in their tissue and
shells without apparent negative physiological
effects (Regoli 1998; Goldberg and Bertine, 2000).
This therefore makes them ideal organisms to
monitor the levels of metals in the marine
environment (Goldberg, 1975; Goldberg, 1986;
Shulkin et al., 2003) as they have been recorded to
accumulate metals by factors of 10? to 10° (Besada et
al., 2011). To promote a uniform and general
approach to marine pollution monitoring, Goldberg
(1975) proposed a global monitoring programme
using mussels as indicator organisms. This
monitoring programme, the Mussel Watch
Programme (MWP) has been functional
internationally since 1976 (Goldberg et al., 1983) and
in South Africa, mussel sampling has been
conducted since 1985 by the South African national
government agency: the Department of
Environmental Affairs (DEA). Sparks et al., (2014)
published the results of the mussel monitoring done

by DEA for the period 1985 to 2008, but no
publication about the concentration in mussels in
the region has been published since then. Given that
Cape Town is a major tourist destination (Anon,
2008) and has one of the busiest ports in the country,
it is important to know the concentrations of
metalsin the region. Sampling biota such as mussels
for metal analysis will provide information about
whether metals in marine organisms (such as in
Muytilus. galloprovincialis) are toxic for human
consumption and possibly pose health risks.

The objective of this study was to determine the
concentrations of metals in Mytilus galloprovincialis
along the west coast of the Cape Peninsula, Cape
Town and compare these to previously published
data in order to ascertain the health of the coastal
biota of the Cape Peninsula in Cape Town, South
Africa.

MATERIALS AND METHODS

Mussel sampling

Specimens (n = 6) of Mytilus galloprovincialis were
collected seasonally for one year starting from
autumn 2010. Sampling took place at five sites on
the west coast of the Cape Peninsula, South Africa:
Scarborough (34°11°S, 18°17’E), Hout Bay (34°02’S,
18°21’E), Green Point (33°54’S, 18°23’E), Milnerton
(33°53’S, 18°28’E) and Bloubergstrand (33°48’S,
18°27’E), (Fig. 1). Sampleswere collected at spring
low tide, with sampling always commencing at
Scarborough, the southern-most site. Mussels of the
same size range (45 - 55 mm) were collected
randomly at each site and transported in individual
plastic bags, in cooler boxes, to the laboratory. Once
in the laboratory, the specimens were allowed to
depurate gut contents for 24 hours and
subsequently frozen at -18°C until the analyses were
done.

Metal analysis

Metal analysis was done according to the method of
Odendaal and Reinecke (1999). Frozen mussel
samples (n=6) were defrosted and oven dried for 48
hrs at 60° C in a Memmert drying oven. The dried
tissue samples were weighed and homogenized per
individual mussel with a mortar and pestle. Sub-
samples of individual mussels (+ 0.2 g) were
digested using nitric acid (HNO,) and stored until
further analysis was done.

The concentrations of Mn, Fe, Cu, Zn, Cd andPb
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Fig. 1. Map showing the position of the sampling sites in
the Cape Peninsula, Cape Town

were analysed at Stellenbosch University at the
Central Analytical Facilities laboratory. The
laboratory follows the US EPA method 6020A for
quality control protocols during analysis and
reporting of data. An Agilent 7700x ICP-MS with
anOctopole Reaction System was used for metal
analysis. A blank accompanied all samples during
analysis andstandardsolutions were prepared and
applied to serial dilutions of standard stock
solutions. The quality assurance of data was a NIST
traceable standard and the results presenting
certified concentrations/analysed concentrations or
% relative standard deviation (RSD) were as follows:
Mn (24.68/26.93/0.52%), Fe (24.68/24.17/2.07%),
Cu (24.68/24.41/1.10%), Zn (24.68/24.76/0.33%),
Cd (9.87/9.80/0.75% and Pb (24.68/24.19/1.99%).
All metal concentrations in M. galloprovincialis were
expressed as pg/g dry weight.

Statistical analysis

All calculations and data analysis were done using
SPSS 22 and the data are presented as means with
standard error of the mean (+SE). The one way
ANOVA was used to determine seasonal and spatial
differences in mean metal concentrations in M.
galloprovincialis. The data were tested for normality
and homogeneity of variance using Kolmogorov-
Smirnoff and Levene’s tests respectively, prior to
post hoc comparisons. Non-parametric Spearman
rank correlations of metals in M. galloprovincialis
were determined.

To investigate the similarity in metals at different
sites and seasonally, dendrograms representing
cluster analysis of the six metals were produced
using PRIMER (Plymouth Routines in Multivariate
Ecological Research) V6. (Clarke and Gorley, 2006).
A multi-dimensional scaling (MDS) ordination of
the concentrations of the metals measured in M.
galloprovincialis was produced. Data were fourth root
transformed and Euclidean distance used to
produce a resemblance matrix. Dendrograms
representing the cluster analysis of samples were
produced to illustrate groups of samples that were
similar to each other. All data were log x + 1
transformed, normalised and Euclidean distance
used to produce a similarity matrix. Transformation
of the environmental data was done to justify the
Euclidean distance as a dissimilarity measure on
normalised data (Clarke and Gorley, 2006).

The efficiency of metal accumulation in M.
galloprovincialis was evaluated by calculating the
biosediment accumulation factor (BSAF). The BSAF
is defined as the ratio between the metal
concentrations in the organism to that in the
sediment (Lau et al., 1998).

RESULTS AND DISCUSSION

The spatial and seasonal mean metal concentrations
(+SE) in M. galloprovincialis are shown in Table 1.
Spatially, the highest average metal concentrations
for the study period were recorded at Hout Bay for
Fe (190.96 + 43.60 pg/g) and Mn (6.05 + 0.48 pg/g),
Milnerton for Cu (9.93 + 1.73 pg/g) and Green Point
for Zn (166.11 + 20.67 ug/g), Cd (19.03 = 7.61 ug/g)
and Pb (4.37 + 1.80 pg/g). The lowest metal
concentrations were recorded at Scarborough for Fe
(86.30 £ 9.01 ug/g), Mn (1.50 + 0.19 ug/g), Cu (3.41
+0.66pg/g) and Pb (0.09 = 0.02 pg/g) and Hout Bay
for Zn (58.67 = 8.58 ug/g) and Cd (1.01 + 0.14 ug/g).



SPARKS ET AL

8C0F €Sl [ST 7886 TT6 T ¥L 01T 750 F 79 020 F¥¢'E €611 F 60°0ST ueay
100> 950 F LLF 8TL1F 0T THL S0 F 649 8C°0 F 85°€ LVELF GTLIL TT0guwmnny
L0°0 F £E0 600 F 95T 92'91 ¥ 99'96 LU0 7 8T€ VIO T GhT 0€'S ¥ G8'F8 010z Towwng
01'0 ¥ 68°0 WOFE0F 04'8T ¥ 8T'8ST LTTF8TS 870 F TH'e 16'02 ¥ 89'¢61 010z Suridg
¥2'0¥ 98°0 8C0F 89T 65°ST ¥ 91'89 0S'T ¥ 651 €60 F IS°€ TH9L ¥ €8°611 010Z TIUIM
61T F 266 106 ¥ 10'61 0%'91 ¥ 2628 790 F €L°€ 69°0 7 06°€ 6'6S ¥ 91°95T 010z Uwmny uoseag
€U0 F09°0 680 F 15T 10°0€ ¥ 09'611 I 7 €CL 970 F 84T 0607 ¥ 16°€TT uesy
100> 9E0F 6T 8L€FT0°LS €0'T 999 60 F€6'€ 00°€T F TH'68 [Ty
€0°0 ¥ 60°0 0C0F VL1 LUE T 6TTE 610 7 09T 0€0 ¥ €5C 69'C ¥ 59'6€ 010g Towwng
0T ¥IT S0 ¥ SL°S €0'16 ¥ TH'8YE 600 F LST 870 ¥ 0€T 16T ¥ 06202 010z Sutxdg
€0°0 ¥ ST°0 100> €90 F €LF 99°¢ ¥ 6€°61 TUOFIUT 9 FIIE 010Z T3
0T 6T €60 F TH'E LV 0T F 0991 €0 ¥ L0°S 090 ¥ ST'¥ 911 F 62'91€ 010z uwmnny  puensdiaqnoig
600 ¥ S50 [E0F8LT S6'8T ¥ 04T €L17 €66 SFOFH0F 06’12 ¥ €5°061 uesy
100> PS0F OIS VI'Sh ¥ T6'CHT L0TF18'8 V0 F¥T 81 ¥ 65°6€T TT0guumny
80°0 ¥ €5°0 ¥T0 T Ih'E Y0P ¥ 80791 0€0 ¥ 06C LTOFVTT 08'6 ¥ €0°TH1 010g Towwng
Y00 F TET 870 F9¢°C 68°CL ¥ £L°06 LTS F 6901 840 F¥69 94'8T ¥ 0L'SHE 010z Surxdg
%0°0 ¥ 92°0 100> Y0 F IE'L 1LT 70012 L00F8Y'T 960 F 67°0€ 010Z TIUIM
0T'0 660 9T0F LS'T €761 F 84911 0C0F Th'¥ €90 ¥ 29' TL9 ¥ 9€°L61 010z Uwmny UOMUIA
08T+ LEF 19'L 7 €0'61 £9°0T F T1'99T 190 F ¥L¥ ¥C0 ¥ 05T 8€'8T ¥ 99°661 uesy
100> §T'0 ¥ 859 €667 ¥ 98141 SI'T ¥ 959 LTOF 6T 791 ¥ 9T°0€T TT0guumny
TroF 201 600 F 26F TT9€ F 20°CIT 0I'0 F61°€ ET0FG6'T T 7 €0FTL 010g Towwng
PIOF ST LT0F 60F 98°C ¥ 20661 090 F 21T STOF 091 YI'GE F 0S'SHT 010z Suridg
S8'0FTLT 590 F €I'E 6205 ¥ 18°£8T 0%0 F I1'6 SI'0F 4SF LTI F S0HHT 010Z ToIUTM
00'8 ¥ 1T'ST ¥9°LT F $T'S0T SU'T ¥ 049 PE0F 98T 190 7 €7'C €0 FI€T 010z uwmny JUI0J USRI
9€0FET'T PIOFI0T 85'8 T £9'8S 950 ¥ 98'9 8%°0 ¥ 50'9 09°€¥ ¥ 96061 ueay
100> L00OF6TT €0°€ ¥ 60'19 790 ¥ 86 050 ¥ €C°S 1€ €78 TT0guwmnny
€00 F9T°0 500 ¥ 19°0 TTEFESIE €0 7 68°€ 8€°0 ¥ LT°€ 1€9 ¥ TT9% 010g Towwng
200 220 200 F 70 €9F ¥ 88°CI SLTF1L9 0L0F 4TS 7T F €S 010z Suridg
90°0 ¥ 68°0 600 ¥ 650 88'C ¥ €769 9%°0 ¥ £0°0T VL0 F 9%'S €8'07 ¥ 68'6LT 010Z ToIUTM
00 F¥5°S 610 87T 66'8T F LT'SYT €8'0 ¥ 08'Z €50 ¥ S0'6 €1'99 ¥ €6'£79 010z Uwmny Leg oy
200 ¥ 60°0 190 7 §F'¥ 0S°€T ¥ 6098 99°0 ¥ TH'€ 6107 05T 10'6 ¥ 0£'98 uesy
100> 85°0 ¥ £6'8 8T'€T ¥ eTTLL 617209 SI'0F6ET 59 ¥ 9TF01 TT0guumny
200 F%0°0 Tr0F 11T SI'S ¥ I5'9F 09°0 ¥ 18°€ VT0 T LTT 20°L ¥ 0S°€L 010g Towwng
500 ¥ 220 50 F €59 169 7 62°0%1 17T 728°¢ €07 860 9201 * ST'TCI 010z Suridg
500 ¥ €2°0 950 F §9F 19'6 ¥ 2614 610 F 6€°€ 1707 €61 STSL F 67411 010Z TIUIM
100> 100> 100> 100> 100> 100> 010z uwmny  ySnoioqieog
qd PO uz n> un o1 uoseag g

110Z uwnine
0} 010z uwmnine woij padures emsurus J ade)) ayj Jo 3SL0D Jsam Y} woiy (9 = u ‘g5 F) (3yStem A1p 3 1) sywiouieoidojps ‘[ Ul S[e3dW JO SUOTIRIFUIIUOD) [ d[qEL



METAL CONCENTRATIONS IN MYTILUS GALLOPROVINCIALIS ALONG THE WEST COAST 5

Seasonally, highest metal concentrations were
recorded during autumn 2010 for Fe (256.16 + 53.52
ug/g), Mn (3.90 + 0.69 ug/g), Cd (19.01 + 9.01) and
Pb (5.92 + 2.19 pg/g), winter for Cu (12.59 + 1.50
ug/g) and spring for Zn (158.28 + 28.70 ug/g), with
lowest seasonal metal concentrations recorded
during summer for Fe (84.85 + 8.30 ug/g), Mn (2.45
+0.14 ng/g) and Cu (3.28 + 0.17 pug/g), winter for
Zn (68.16 = 15.59 ug/g) and Cd (1.68 + 0.38 pug/g)
and autumn 2011 for Pb (< 0.01 ug/g).

Metal concentrations were correlated using non-
parametric Spearman Rank Order correlations and
the results are provided in Table 2. Only Pbwas
significantly (p < 0.05) negatively correlated with
season, suggesting that metal concentrations
decreased from autumn 2010 to autumn 2011. There
were no significant relationships between metals
and site.

An MDS (multi-dimensional scaling) of seasonal
data for all the sites and metals combined (stress =
0.11) showed that there were overlaps between the
seasonal samples. However, autumn 2010 and
winter samples showed two groups whereas spring
data were scattered (Fig. 2). Both summer and
autumn 2010 data were closely grouped. The MDS

2D Stress: 0.11 Season
Autumn

'V Winter
Spring

<& Summer

O Autumn2011

Fig. 2. MDS ordination of the seasonal data sampled
using all metal data. The data were log x+1
transformed and normalised. Euclidean distance
was used to plot the samples

of spatial data (per site) (stress = 0.11) indicated that
Hout Bay and Green Point were the most scattered
(Fig. 3). Milnerton and Bloubergstrand indicated
that two groups (with some overlap) were present at
these sites. Scarborough data were closely grouped.
Generally there was an overlap of data at all sites,
suggesting that the data were closely associated,
albeit that the clusters were not sharply defined. An
Analysis of Similarity (ANOSIM) between the
seasons showed that there was no significant
difference between seasonal metal concentrations
(Global R = 0.24, p > 0.05). An ANOSIM between the
five sampling sites also indicated no significant
difference between sites and metal concentrations
(Global R = 0.156, p > 0.05).

The results of the seasonal similarity percentages
(SIMPER) analysis (Table 3) showed that during
autumn 2010 and winter, most metals (except Cu
during autumn 2010) were responsible for the
similarity at all sites. During spring, all metals,
except Cd and Pb, were responsible for the
similarities within the mussel metals concentrations.
The results of the spatial SIMPER analyses (Table 4)
indicated that all metals, except Pb were responsible
for the similarity at Scarborough and Milnerton. At
Hout Bay, Fe, Zn and Pb were responsible for
similarities. At Green Point, Pb and Cd were the
largest contributors to similarities. At
Bloubergstrand, Fe, Cu, Zn and Cd were the main
contributors to similarity.

Although the MDS showed some separation
between seasonal and spatial metal data, these
results were not conclusive (Fig. 3 and 4).
Adendrogram representing the cluster analysis of
metals between the different sites suggested that
there was some segregation of the metal data with
samples from Scarborough being more distinct than
the rest of the sites. A dendrogram for seasonal
cluster analyses revealed poor grouping of data and

Table 2. Results of the non-parametric Spearman Rank Order Correlations between all environmental variables
measured showing r values. * indicates significant r-values at p < 0.05.

Site Season Fe Mn Cu Zn Cd Pb
Site

Season

Fe 0.122 -0.114

Mn 0.097 0.052 0.454

Cu 0.193 -0.003 0.143 0.448*

/n 0.116 0.254 0.772* 0.238 -0.005

Cd -0.051 0.274 0.484* -0.002 -0.178 0.700*

Pb 0.190 -0.731*% 0.530* 0.151 -0.051 0.193 0.077
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Fig. 3. MDS ordination of the site data sampled using all
metal data. The data were log x+1 transformed
and normalised. Euclidean distance was used to
plot the samples

high wvariability, suggesting that metal
contamination was not influenced by seasonal
variations.

The present study has shown, compared to the
MWP data reported by Sparks et al., (2014), that all
the metals investigated, except Fe and Cu, have
lower mean concentrations than MWP data

collected from 1985 to 2008 for the same area. The
order of mean concentrations (ug/g dry weight) of
metals (for all sites combined and for the entire
sampling period) in M. galloprovincialis was Fe
(150.09ng/g) > Zn (110.744 pg/g) > Cu (6.42ug/
g)>Cd (5.88ug/g) > Mn (3.34ug/g)>Pb (1.33ug/g).
The spatial and temporal variations of metal
concentrations of this study were difficult to
interpret due to high variability, but generally, metal
concentrations in the tissue of M. galloprovincialis
were lowest at Scarborough, with the lowest
significant (p<0.05) concentrations recorded in
winter. Given that the study was conducted in a
winter rainfall area, the low concentrations recorded
is indicative of either flushing of the system or that
the area is not influenced by anthropogenic sources
of metals. Metals such as Fe, Cu, Zn and Mn are
considered essential elements for the biological
functioning of organisms (Cevik et al., 2008). In
order to minimise the effects of metals, various
authorities have set metal contamination
guidelines/standards for mussels to indicate

Table 3. SIMPER (Similarity Percentage) of the seasons using all metal variables. A resemblance matrix using Euclidean
distance was used in the analysis. The following table represents the average similarity between the seasonal
groups. The values in bold represent the metals which contribute most to the similarity within each group.

Autum 2010 Winter 2010
Average 14.09 4.33
squared distance % contribution % contribution
Environmental factor

Season

Spring 2010 Summer 2010 Autumn 2011
5.58 1.92 1.69
% contribution % contribution % contribution

Fe 25.02 9.38

Mn 14.38 22.79
Cu 6.50 14.27
Zn 13.04 17.82
Cd 20.57 14.14
Pb 20.49 20.60

12.06 23.71 14.06
23.39 18.79 24.68
29.96 11.21 19.90
31.42 24.47 12.81
5.79 14.97 28.55
4.08 6.84 0

Table 4. SIMPER (Similarity Percentage) of the sites using all metal variables. A resemblance matrix using Euclidean
distance was used in the analysis. The following table represents the average similarity between the five
sampling sites. The values in bold represent the metals which contributed the most to the similarity within each

group.

Season Scarborough Hout Bay
Average 6.54 2.57
squared distance % contribution % contribution
Environmental factor

Green Point Milnerton Bloubergstrand
8.10 2.88 3.47
% contribution % contribution % contribution

Fe 19.80 28.55
Mn 20.44 9.61
Cu 25.54 7.32
Zn 18.29 35.42
Cd 12.80 4.12
Pb 3.13 14.98

18.33 19.84 15.42
5.66 17.27 7.59
7.83 20.57 15.27
13.64 19.09 33.94
20.29 20.53 22.68
34.26 2.69 5.10




METAL CONCENTRATIONS IN MYTILUS GALLOPROVINCIALIS ALONG THE WEST COAST 7

whether they are contaminated (Table 5).
Consumption of essential elements such as Fe and
Cu is permissible, but only to certain concentrations.
However, metals such as Pb and Cd are non-
essential, as they are toxic even at trace
concentrations (Matta et al., 1999; Cevik et al. 2008).

Sediments are considered to be contaminant sinks
of pollutants and can remain in areas for lengthy
periods (Schiff, 2000). As such, metals that
accumulate in sediments, can over time, be
transferred to and potentially accumulate in marine
organisms. According to Rainbow and Phillips
(1993), marine organisms have the ability to
accumulate high levels of metals from their
environment, in particular from sediment. Although
most sediment-adsorbed contaminants are not
readily available to aquatic organisms, variability
within the water may result in the release of metals
back into the water, making sediments an important
source of pollution in certain environmental
conditions (Rainbow and Phillips, 1993; Burger and
Gochfeld, 2006). Metal concentrations in mussels are
known to correlate with metal levels in proximate
sediments (Puente et al., 1996). Hence data
concerning metal concentrations in sediment is
essential to assess their potential to accumulate in

Table 5. Concentrations of metals in mussels that is
indicative of contamination (ug/g dry weight).
Values for South Africa are permissible legal
limits for shellfish.

Metal Global Black Sea South Africa
(FAO, 1983) (Cantillo, (South Africa,
1998) 1994)

Fe - - -

Mn - - -

Cu 50-150 10 50

Cd 10 3.7 3

Zn 200-500 200 300

Pb 5-30 3.2 4

marine organisms (Joksimovic et al., 2011).

Data from sediment samples (Sparks et al., 2017)
were correlated with metal concentrations in
mussels sampled from the same site (Table 6).
Spearman rank correlations indicated significant
(weak) positive correlations between Fe, Mn and Pb
concentrations between sediments and mussels
sampled. These results suggested that there is no
uniform accumulation of metals in mussels from the
surrounding medium and levels of metals within
mussels are subject to the bioavailability of metals
and these in turn are influenced by the mussel’s
physiology to take up the metals (Eisler, 1981;
Bayne, 1986; Almeida et al., 2007).

Metal bioavailability has traditionally been
defined to include the availability of metals to
organisms as well as the availability of metals to
tissues within organisms once inside the organism
(Peakalland Burger, 2003). According to Mountouris
et al., (2002) metal bioavailability results in high
concentrations of the corresponding metal in biota
through a  bioconcentration  process.
Bioconcentration is the process by which a chemical
species is accumulated into organisms from its
surrounding medium (Mountouris et al., 2002) and
is calculated using the BSAF (also termed the
bioconcentration factor). Bioavailability is affected
by sediment characteristics (Mountouris et al., 2002)
such as: the concentration of iron, manganese and
aluminium oxides (Bendell-Young and Harvey,
1991; Shea, 1988), levels of organic carbon (Mahoney
et al., 1996) and acid volatile sulphide (Chapman et
al., 1998). Bioavailability is also dependent on
several environmental factors: physical (grain size of
the sediment and suspended particulate materials),
chemical (solubility, reactivity of compounds,
complexing agents), and biological (benthic or
pelagic organisms, modes of exposure) (Geffard et
al., 2003). The uptake of metals is also highly
dependent on geochemical factors such as

Table 6. Summary of Spearman rank correlations for combined metal concentrations in the sediment (S) (mg/g dry
weight) and mussels (M) (ng/g dry weight) sampled along the west coast of the Cape Peninsula. Values in

bold are statistically significant at p < 0.05 level

M Fe M Mn

M Cu

M Zn MCd M Pb

S Fe 0.348
S Mn

SCu

SZn

SCd

SPb

0.314

-0.145

-0.061
-0.115
0.338
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temperature, pH and dissolved oxygen (Lu et al.,
2005).

The efficiency of metal accumulation in M.
galloprovincialis, as evaluated by calculating the
biosediment accumulation factor (BSAF), is
indicated in Table 7 and can be indicative of the
bioavailability of the metals sampled. The orders of
BSAF were: Cd > Zn >Cu>Pb> Mn > Fe. The results
indicated that Cd, Zn, Pb and Cu had the highest
mean BSAF, as the metal concentrations were higher
in the mussels than the sediment, suggesting that
these metals were bioavailable for uptake. The BSAF
values in the present study are considerably higher
than that reported by Abdallah and Abdallah (2008).
An understanding of the bioavailability of metals is
important to consider when investigating whether
M. galloprovincialis in the Western Cape are ideal
biomonitoring tools of metal pollution. Viarengo
and Canesi (1991) found that M. galloprovincialis was
able to rapidly eliminate Cu from its system, but was
less able to expel Cd. These results could therefore
explain the higher mean Cd BSAF values recorded
in the mussels as they were not able to eliminate Cd
effectively. However, there are various factors
pertaining to M. galloprovincialis that affect the
bioavailability of metals they are exposed to. Such
factors can be defined by attributes of the individual
mussel, groups of mussels or the species as a whole
that can influence the amount and degree of metal
exposure, uptake, absorption, biokinetics,
susceptibility and toxicity (Burger et al., 2003).
According to these authors, such factors include age,
gender, size and weight, nutritional status, genetics
and behaviour.

Orren et al., (1980) reported low Fe concentrations
in Bloubergstrand from samples collected in 1980
and suggested that a contributing factor to the
higher sources of Fe was increased anthropogenic
sources of runoff from urban and industrial sources.
However, the low BSAF value for Fe (0.18) suggests
that M. galloprovincialis is either able to control the
levels of Fe in its tissue or the metal is not
bioavailable. Iron is an essential trace metal that is
required for development and its uptake is known

to be highly specialised due to complex chemical
speciation linked to intracellular homeostasis
(Worms et al., 2006). According to these authors,
most bioavailable iron in the natural environment is
strongly associated to poorly characterise organic
ligands. Furthermore, studies have indicated that
iron complexes and colloidal iron are accessible to
organisms and that bioavailability is enhanced by
both chemical and biological mechanisms (Allison et
al., 1998; Peakalland Burger, 2003; Worms et al.,
2006).

The mean Cu concentration in M. galloprovincialis
for the study period (2.35 ug/g) was below the legal
limit of 50 pg/g for Cu allowed in shellfish in South
Africa (South Africa, 1994). According the results of
this study, none of the sites reported Cu
concentrations above this limit. Copper is a
naturally occurring element and essential for
cellular metabolism. The uptake of Cu is hence
variable, dependant on the kinetics of uptake and
excretion (Philips, 1976). The low Cu concentrations
in M. galloprovincialis recorded in the present study
could be indicative of M. galloprovincialis not
accumulating Cu in its soft tissue because Cu was
either not bioavailable or that the mussel was able to
regulate Cu. The BSAF (2.35) suggests that the
mussel was able to regulate Cu and that Cu was
bioavailable. Allison et al. (1998) reported that Cu
concentrations in the faeces of M. edulis was
significantly lower than in the particulate matter it
was fed, reflecting a net loss of Cu from particles in
the mussel gut. It was suggested that changes to the
digestive physiology of mussels (increase in the
proportion of food sent to the digestive gland and
increase in gut passage time) compensated for lower
digestion rates. These alterations increased the net
release of particulate Cu and hence the
bioavailability of Cu to the mussel. According to
Cevik et al. (2008) Cu is a critical element to measure
when analysing pollution of an area as it is both an
important trace element for physiology but can also
affect the health of organisms if available to
bioaccumulate.

The mean Zn concentrations (spatial and

Table 7. Mean concentration of metals in the sediment and M. galloprovincialis as well as mean biosediment
accumulation factor (BSAF). Sediment data from Sparks et al (submitted)

Fe Mn Cu Zn Cd Pb
Sediment 835.69 9.25 2.73 14.26 0.29 1.89
M. galloprovincialis 150.09 3.34 6.42 110.75 5.88 1.32
BSAF 0.18 0.36 2.35 7.77 20.28 0.69
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temporal) for the study period (110.75 ug/g) were
below the recommended level (200 pug/g) suggested
by Cantillo (1998). However, concentrations > 200
ug/g were recorded in summer at Green Point and
Milnerton (summer)as well as at Bloubergstrand in
spring (Table 1). The legal limit of Zn allowed in
shellfish is 300 ug/g (South Africa, 1994) and. Zn
concentrations in the soft tissue of mussels from
Bloubergstr and were above the permissible
concentrations during spring. According to Cevik et
al. (2008), Zn is a critical element to measure when
analysing pollution of an area.

The mean Cd concentrations from the present
study (5.88 ng/g) were above the recommended
value (3.7 ug/g) proposed by Cantillo (1998). The
high mean concentration was influenced by very
high Cd concentrations recorded at Green Point
during autumn 2010 (>100 pg/g). The permissible
concentration of Cd in mussels is 3.0 ug/g (South
Africa, 1994). Possible reasons for the high Cd
concentrations are attributed to high ambient Cd
concentrations in the sediment and water and the
source of it was probably from the adjacent dense
residential area and storm water pipe close to the
sampling site. The results indicate the bioavailability
of Cd for mussels, and could explain the high levels
of Cd accumulated in the organism as evident by the
BSAF of 20.28. Cadmium concentrations above 3.0
ug/g were recorded at Scarborough, Green Point
and Bloubergstrand Table 1). A study by Topping
(1973) reported higher concentrations of Cd in the
hepatopancreas of arthropods than in mussels. The
origins of the Cd were uncertain but it was proposed
that the dominant pathway of Cd for the arthropods
was via food rather than sea water. Since mussels
are filter feeders and their food obtained from the
sea water, mussels obtained their sources of Cd from
both the sea water and prey within the sea water. A
considerable amount of particulate cadmiumcomes
from the burning of plastics products, pigments and
rubber goods (Schroeder, 1974) but the high Cd
levels recorded in the present study could not be
indicative of burning of plastic and rubber products
at Green Point, MilnertonorBloubergstrand as such
activities do not occur in these area.

Irrespective of the source of Cd, it is its
bioavailability and uptake that is important. Pan
and Wang (2004) studied the influences of dissolved
organic carbon (DOC) and colloidal organic carbon
on the bioavailability of Cd in Pernaviridis. These
authors found that DOC from decomposed diatoms
resulted in linearly increasing of Cd with increasing

DOC content. The west coast of the Western Cape is
situated in a major upwelling centre and has a
narrow continental shelf (Shannon, 1985).
Upwelling intensifies in spring, with further
upwelling events in autumn. The upwelling events
during late summer and autumn results in algal
blooms and in some cases the blooms result in red
tides (harmful algal blooms) (Branch et al., 2010)
which in turn may provide DOC from decomposing
diatoms. The extraordinary high Cd concentrations
in M. galloprovincialis at Green Point (105 ng/g dry
weight) could have been from elevated diatoms
present in the area. The mechanism underlying the
increase of Cd uptake with increasing DOC is not
known, but the origins of DOC could have
substantial influence on DOC-metal interaction in
mussels (Pan and Wan, 2004).

The mean Pb concentrations in M. galloprovincialis
for the entire study period (1.32 pg/g) was below
the recommended contamination limit (3.2 ug/g)
suggested by Cantillo (1998) and the legal limit for
shellfish in South Africa (4.0 ug/g) (South Africa,
1994). Higher concentrations than the permissible
limits for human consumption of Pb were recorded
in autumn 2010 at Hout Bay and Green Point.
Giarratano et al. (2010) noted high Pb concentrations
in mussels during their study and attributed it to Pb
contamination from heavy shipping activity. This
proposed reason could apply to Hout Bay, given that
it has shipping traffic and shipyard activities. It is
however unlikely to be the case that shipping
activity be responsible for high Pb concentration in
Green Point. The high Pb concentrations also
correspond to high Pb concentrations in sediment at
the same site (Sparks et al., 2017) suggesting that the
Pb was bioavailable for uptake by mussels. It is
however more probable that stormwater runoff be
the main contributor of Pb at Hout Bay and Green
Point as Boyden (1977) suggested that higher Pb
recorded in mussels was from estuaries (hence areas
with fresh water input).

CONCLUSION

Biomonitoring can show temporal changes and the
spatial distribution of local metal contamination.
Mussels with higher concentrations of Cd, Zn and
Cu in the soft tissue were found in areas with high
metal loads in the sediment, especially at Hout Bay
and Green Point. Generally however, metals
concentrations in mussels along the west coast of the
Cape Peninsula, Cape Town, are lower than



10 SPARKS ET AL

recommended concentrations for shellfish,
suggesting that mussels at the sites sampled were
not contaminated with metals (except for Cd). The
results presented here indicate that it is important to
conduct biomonitoring in the coastal regions of
South Africa to as certain the status of
contamination.
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