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Abstract Heavy metal concentrations in black mussels
(Mytilus galloprovincialis) collected from Cape Town Har-
bour were determined using energy dispersive X-ray fluo-
rescence (EDXRF) and inductively coupled plasma-mass
spectrometry (ICP-MS). EDXRF showed that tissue portions
of the mussels contained K, Ca, Fe, Cu, Zn, Si, Sr, Al and Au,
while the shell portion contained K, Ca, Fe, Cr, Zn, Si and Sr.
In addition to these metals, EDXRF also revealed the presence
of Al in the shells of the largest mussels. Highest concentra-
tions of Cu and Zn were recorded in the tissues of the smallest
mussels. Due to poorer detection limits of EDXRF, ultra-trace
elements (Mn, Pb, As, Hg, V, Cr, Sn, Cd, Ni and Co)
were determined in mussels using ICP-MS. The average
metal concentrations found in the mussels are as follows;
Pb (7.30 + 0.67), Cd (1.98 £ 0.13), Hg (4.92 £ 0.60), As
(6.94 £ 0.04), Sn (2.63 £0.13), Ni (1.88 £ 0.05), Cr
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(3.54 £ 0.05), V (4.17 £ 0.23), Co (0.74 £ 0.01) and Mn
(35.20 £ 1.46). ANOVAs, Pearson correlation and principal
component analysis (PCA) were employed in data analysis.
The order of the abundance of metals in the mussels
is Mn > Pb > As > Hg > V > Cr > Sn > Cd > Ni > Co.
The average metal concentrations found in the mussels were
higher than the permissible Food and Agriculture Organiza-
tion (FAO) limits and other international guidelines.

Keywords Mussels - EDXRF - Accumulation - Shell -
Tissue - Correlation - Metals

1 Introduction

Sea bottom sediments are known to serve as a sink for heavy
metals introduced to the ocean by river run-off, waste water
discharge, and dry and wet atmospheric depositions. There-
fore, benthic organisms are expected to be exposed to
increased heavy metal contents (Forstner and Wittman 1981;
Fergusson 1990; Fatoki and Mathabatha 2001). Mussels are
used widely as bioindicators of heavy metal pollution in
coastal areas because as filter-feeders they can accumulate
different elements (Regoli 1998). Among other features for
being suitable as bioindicators are suitable dimensions, easy
identification and collection of organisms, accumulation of
the elements to a degree suitable for measuring, and abun-
dance in the ecosystem (Wagner and Boman 2004).

A wide variety of contaminants are well known to accu-
mulate in mussel tissues. Thus, they are used widely to
monitor metal pollution in the sea. Size variation and heavy
metal contents in the shell have sometimes been shown to be
important variables (Cevik and Damla 2008; Saavedra et al.
2004). Several species, including mussels, have been used as
indicators of life exposure, based on the assumption that the
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metal content in soft tissue of mussels is related to
metal concentrations in the corresponding environment
(Pempkowiak et al. 1999; Bryan and Langston 1992; Cossa
1989; Abisil et al. 1996; Hummel et al. 1997).

Moreover, results of previous studies have shown metal
bioavailability in marine sediments of Cape Town Harbour.
The enrichment factors of Sn, Pb, Zn, Fe, Cd, Al and Hg
revealed anthropogenic inputs of these metals into the
marine environment. The enrichment factor of Cu was less
than 1, and this suggests that its presence was largely due
to natural causes. The results are indications of the con-
tributions of heavy metals contained in the runoffs from
domestic and urban drains, as well as the inflow of storm
water. Ship repair activities appeared to constitute a major
factor responsible for the higher metal contamination in
the dockyards. In addition, industrial wastes and mining of
metals also create a potential source of heavy metal
pollution in the aquatic environment (Turkmen and
Ciminli 2007; Cumgum and Unlii 1994; Lee and Stuebing
1990).

Heavy metal discharges to the marine environment are
of great concern worldwide, as they have a major ecolog-
ical significance due to their toxicity and accumulative
behaviour. Metals such as iron, copper, zinc and manga-
nese are essential, since they play an important role in
biological systems, whereas mercury, lead, and cadmium
are non-essential elements, as they are toxic, even in trace
amounts (Matta et al. 1999). In addition, the essential
metals may also have toxic effects when they are ingested
to excess. Therefore, the presence of high concentrations of
heavy metals in the environment presents a potential dan-
ger to human health due to their extreme toxicity. Metal
body loads of aquatic biota are often measured and used to
evaluate ecological risks and potential sublethal effects
(Rainbow 1995; De Astudillo et al. 2005). Thus, people
consuming seafood would be exposed to these metals with
a potential danger to their health. For this reason, accurate
monitoring of metal concentrations in marine mussels
plays an important role. The trace metal and heavy metal
content in the mussels can serve as an indicator of the
effects of the mixtures of potential pollutants in the marine
environment. However, no studies have been carried out in
the study area on the heavy metal content in the mussels. It
is therefore imperative to carry out research on the pollu-
tant concentrations in the tissues as well as the shells of the
mussels in order to measure the level of bioaccumulation of
these contaminants. The objective of this study is to
determine the effects of heavy metal bioaccumulation by
measuring the concentration of metals in black mussels
(Mytilus galloprovincialis) from Cape Town Harbour and
to compare the results of metal accumulation in shells,
tissues and various sizes of mussels as well as in the water
and sediment samples collected from this site.

2 Materials and methods
2.1 The study area

Cape Town Harbour was used as the study area. This
harbour is one of the busiest ports in South Africa. It
handles the largest amount of fresh fruit for export and has
a major repair and maintenance facility which is used by
several large fishing boats and the West African oil
industry. The study area is shown in Fig. 1a while Fig. 1b
represents the sampling points.

The harbour is located at 33°54’S, 18°26'E. The port has
evolved greatly over the centuries and currently consists of
several main components. The Ben Schoeman Dock is the
largest outer dock of the port, where the container terminal is
situated. The sediment samples collected at this site were very
muddy. The Duncan Dock is the smallest and the older inner
dock, containing the multipurpose and fruit terminals as well
as the dry dock, repair quay and tanker basin. Both water and
sediment samples at this site were very muddy and oily. The
synchrolift dry dock is where the ships are lifted up for repair.

2.2 Reagents

MilliQ water 18.2 MQ cm (Millipore, Bedford, MA, USA)
deionising system was used for the preparation of solutions
throughout the study. All reagents used were of analytical
grade and were supplied by Merck and Sigma of South Africa.
The polypropylene (PP), high density polyethylene (HPDE)
bottles were prewashed with laboratory grade detergent fol-
lowed by adequate rinsing with deionised water, and soaking
in 0.1 M HNOj; (overnight) followed by thorough rinsing with
deionised water. BCR-277R reference standard material (for
trace elements in sediment) was purchased from the European
Community Bureau of reference, IRMM, Belgium.

2.3 Sampling

Water, sediment and mussel samples were collected in
August 2011 from Cape Town Harbour inside the harbour
area at 33°54.367', 18°25.370'E. The sampling site is
called the Robinson dry dock. Water and sediment samples
were collected in triplicate with the aid of a sampling boat,
a Waveride DTC 787C (6.3-m cat hull) supplied by
Stingray Marine, powered by Suzuki 90 hp 4-stroke
engines and equipped with a Van Veen Grab sampler.
Garmin GPS was used to obtain the sampling coordinates.
The sediment samples were placed in plastic polyzip block
bags in an ice chest and transported to the laboratory.
Water samples were collected in 1-L plastic containers
which were initially washed with detergent and rinsed with
distilled water. The containers were finally soaked in 10%
nitric acid. The containers were then rinsed at least three times
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Fig. 1 a The sampling points and the position of Cape Town Harbour along the Atlantic Ocean and Indian Ocean. b The sampling points in

Cape Town Harbour

with MilliQ water. At the sampling sites, containers were
rinsed three times with the water samples before being filled
with the samples. The samples were preserved by adding
concentrated HNOs to each sample bottle and the pH adjusted
to 2.0 by use of pH meter. The samples were stored in a
refrigerator at about 4°C, before subsequent analysis. As
samples may contain particulate or organic materials, pre-
treatment in the form of digestion is required before analysis.

Different sizes of mussels (Mytilus galloprovincialis)
were collected at polluted sites in Cape Town Harbour with
the help of a sampling team from the Council for Scientific
and Industrial Research (CSIR), University of Stel-
lenbosch, South Africa.

2.4 Sample treatment

In the laboratory, sediment samples were spread on alu-
minium foils and air-dried at room temperature for a week.
The dried sediment were ground using mortar and pestle,
screened and sieved with a laboratory test sieve of size
500 pm, homogenised and finally stored at 4°C in a
refrigerator prior to microwave acid digestion.

For water samples, 100-mL aliquots of the well-mixed
sample were measured into a beaker. Then, 2 mL of con-
centrated HNOj3 and 5 mL of concentrated HCI were added.
The sample was covered with a ribbed watch glass or other
suitable covers and heated on a steam bath, hot plate or other
heating source at 90-95°C until the volume was reduced to
15-20 mL.

@ Springer

2.5 Determination of mercury in water samples

An amount of 1 ml of concentrated H,SO,4 followed by
1 ml of 5% KMnO, solution were added to 40 ml of the
water sample. The mixture was boiled for about 1 min,
cooled in an ice chest, transferred into a 50-ml standard
flask and diluted to a volume of 50 ml. A set of blank
samples were prepared in the same manner.

The mussel specimens were sorted with respect to their
sizes as follows: Group A: >5 to >7 cm (large size);
Group B: >5 to <7 cm (medium size); Group C: <5 cm
(small size); Group D: whole mussel samples. Around 20
mussels were selected from each group. After the samples
were sorted, they were dried in an oven at 105°C overnight
before their soft tissues and shells were separated. Dried
shells and tissues were ground into fine powders for 20 min
using a Spex mill. Each powder was then sieved through a
500-pum mesh sieve. Forty milligrams of this powder were
pressed into 13 mm diameter. Total digestion of mussel
samples was performed with CEM MARS, model 240/50
microwave digestion system configured with MDR-1000/6
carousel TFM vessels. Triplicate samples of 0.5 g of each
fine powdered sample were weighed into Teflon digestion
vessels and 10 ml of 65% HNO; was added before the
samples were digested in the CEM MARS microwave
oven. The temperature of each sample in the microwave
oven was ramped to 200°C at a pressure of 800 psi for
25 min and kept at this temperature for a further 15 min.
Each residue was diluted to 25.0 mL with deionised water
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(Bulut 2007; Pempkowiak et al. 1999). A triplicate of the
blank solution was also subjected to microwave digestion.

2.6 Instrumentation
2.6.1 Analysis of non-toxic elements

Non-toxic elements (K, Ca, Fe, Cu, Zn, Si, Sr, Al) were
analyzed using energy dispersive X-ray fluorescence
technique (EDXRF) by employing the standard addition
method in sample preparation. The mussel samples were
stimulated by 55Fe and 241Am radioactive sources. To
detect the radiation scattered from the sample, a Geomet-
rically Optimized Large Area Drift Detector (GOLD)
proprietary detector with 180,000 throughput cps having a
resolution of <185 eV and 4 s shaping time was used. A
total of 4,096 channels of a multichannel analyzer (MCA)
were employed for the data acquisition. In quantitative
analysis, characteristic X-rays emitted by excited atoms of
the sample were registered for 5,000 s (Cevik and Damla
2008).

2.6.2 Analysis of toxic elements

Due to the poorer detection limit of EDXRF, mussel samples
were analyzed for toxic elements (Mn, Pb, As, Hg, V, Cr, Sn,
Cd, Ni and Co) by inductively coupled plasma-mass spec-
trometry (ICP-MS) with an Agilent 7700 ICP-MS. The Agi-
lent 7700 instrument was used with a Meinhart nebuliser and
silica cyclonic with continuous nebulisation. The operating
parameters were: plasma RF power: 1,550 W; sample depth:
8.0 mm; Carrier gas: 1.08 L/min; nebuliser pump: 0.10 rps;
helium gas: 5.3 mL/min. ICP-MS and a Varian Liberty II
ICP-AES were also used for determination of toxic elements
in the water and sediment samples, respectively.

2.7 Quality assurance

All analyses were carried out in triplicate. The blank
samples were analysed after every 10 measurements. Toxic
and non-toxic elements were analysed by a Varian ICP-
AES and Agilent 7700 ICP-MS, respectively. For quanti-
fication of the element of interest, the instruments were
calibrated daily using NIST traceable standards. A quality
control standard was analysed prior to the samples to verify
the accuracy of the calibration standards, while control
standards were used throughout the analysis to monitor
accuracy and instrument drift. On the ICP-MS, internal
standards were introduced continuously with the samples
and standards to correct for drift due to high matrix load.
Data acquisition and processing was software controlled
and exported in Excel format. In order to check for the
accuracy of the extraction procedure, reference sediment

materials BCR-277R (for trace elements) were extracted
using the above procedure and analysed in triplicate. These
reference materials were purchased from the European
Community Bureau of reference, IRMM, Belgium.

2.8 Recovery efficiency using the reference sediment
materials

The recovery values obtained for Al, Si, Sn, Pb, Zn, Fe, Hg,
Cd and Cu ranged between 92.05-101.01% for ICP-MS
and 100.52-108.25% for ICP-AES with % deviation less
than 10% in all cases. For the EDXREF, the recovery values
ranged between 95 and 110%.

2.9 Statistical analyses

The results were statistically analysed using Statistical
Analysis Software (SAS) 9 software (Cary, NC, USA).
Pearson’s correlation was applied to evaluate the relation-
ships between the variables and correlation coefficient with
P < 0.05 was regarded as significant and principal com-
ponent analysis (PCA) was used to analyse the analytical
data.

3 Results and discussion

The concentrations of elements in mg/kg in different sizes
of M. galloprovincialis tissues and shells are shown in
Table 1, while the concentrations recorded in group D
(whole mussels) are shown in Table 2. EDXRF analysis
showed the presence of K, Ca, Fe, Cu, Zn, Si, Sr, Al and
Au in the tissue of the mussels while K, Ca, Fe, Cu, Zn, Si
and Sr were found in all sizes of mussel shell. Al was
additionally detected in the biggest size. Cu and Zn
exhibited the highest concentration in tissue of small-sized
mussels. While lowest concentrations were measured for
Cu and Zn in the shell as shown in Fig. 3. This is an
indication that Cu and Zn bioaccumulated more in the
tissue than in the shell. High concentration levels for
copper may come from agricultural use as many vineyards
and orchards are situated along the harbour.

Standard two-dimension PCAs for seven non-toxic ele-
ments (K, Ca, Sr, Si, Fe, Cu and Zn) measured in M. gal-
loprovincialis collected from Cape Town Harbour, South
Africa (Figs. 2 and 3), were plotted on the axes. The dis-
tribution of K, Zn, Fe, and Cu components were highly
concentrated in the soft tissue of the mussels while Ca, Al
and Si were principally accumulated in the shell. PCA was
also used to show the distribution of all the toxic and non-
toxic elements analysed in the different sizes (Figs. 2, 3
and 4). Size has sometimes been shown to be an important
variable. In this study, effects of size on metal contents in

@ Springer
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Table 2 Concentration of

. Non toxic elements
metals found in whole mussel

Concentration (ppm)

Toxic elements Concentration (ppm)

samples (Group D) in ppm EDXRF ICP-MS
K 2,417.97 + 133.6 Pb 7.30476 + 0.67543
Ca 217,314.781 + 1,837.48 cd 1.98878 =+ 0.13866
Fe 1,377.49 + 139.14 Hg 4.92801 =+ 0.60223
Cu 616.76 + 31 As 6.94597 =+ 0.041492
Zn 153.32 & 13.22 Sn 2.63842 + 0.13684
Si 10,211.85 + 439.67 Ni 1.88415 + 0.059810
Sr 397.6 + 7.51 Cr 3.54399 + 0.058432
Al 2,625.87 + 996.41 Y% 4.17057 + 0.23966
Au ND Co 0.74681 =+ 0.014233
cl 30,629.61 + 274.77 Mn 352071 + 1.46026
Mo 2731 + 231
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Fig. 2 Bioaccumulation of non-toxic elements in different tissues
and shell size

the mussels were investigated. Significant variation was
obtained at 0.05 levels, the results confirming that both the
non-toxic and toxic elements varies among the various
sizes anjd bioaccumulates more in the largest size. The
order of metal accumulation amongst the various sizes of
mussels follows the order: C (large size) > B (medium
size) > A (small size) as shown in Table 1. The results

Fig. 3 Bioaccumulation of non-toxic elements in shell and tissue

obtained with the PCA are in agreement with Pearson
correlation analysis.

Percentage distributions of non-toxic elements were repre-
sented in Fig. 5 and of toxic elements in Fig. 6. In the shell, Ca
recorded the highest accumulation (49%) while Si and Al had
16 and 5%, respectively. These results confirmed that Ca
generally bioaccumulates more in the shell than in the tissue.
The order of non-toxic element accumulation in the shell is
Ca > Si > Al, while in the tissue, K recorded the highest
percentage of 23%, while Fe, Cu and Zn recorded 4, 2 and 1%,
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Fig. 4 Bioaccumulation of toxic elements in tissue and shell

Trace metals analyzed by XRF

T T T

0% 20% 40% 60% 80%

100%
Percentage composition of metals
inmussel fractions

OSHELL<5c¢m OSHELL>5<7 cm OSHELL>5>7cm
oTISSUE<5cm ®mTISSUE>5<7cm OTISSUE>5>7cm

Fig. 5 Percentage of non-toxic elements in shell and tissues of
mussels by EDXRF

respectively. High concentrations recorded for Fe in the mus-
sels indicates a high impact of terrigenic particles, which are
general rich in this metal. Similar results were found by Ugur
etal. (2002) for M. galloprovincialis collected from the Aegean
coast of Turkey. High concentration levels can be attributed to
the fact that Fe occurs naturally in the environment and may
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Fig. 6 Percentage of toxic elements in shell and tissues of mussels by
ICP-MS

come from different backgrounds. These results agreed with
results obtained with the PCA. The PCA further allowed the
classification of the metals into two main groups: Sn—Cd—As—
Hg—Pb, and Mn—V—-Cr—Co-Ni—Pb. While Sn, Cd, As, Hg and
Pb appeared to bioaccumulate more in the tissue, V, Cr, Mn,
Co, Ni and Pb tended to bioaccumulate significantly in the shell.
This is in agreement with the results of Saavedra et al. (2004).
From the data obtained using ICP-MS, the average metal
concentrations found in the mussels are as follows: Pb
(7.30 £ 0.67), Cd (1.98 £ 0.13), Hg (4.92 £ 0.60), As
(694 + 0.04), Sn (2.63 £ 0.13), Ni (1.88 £ 0.05), Cr
(3.54 £ 0.05), V (4.17 £ 0.23), Co (0.74 £ 0.01) and Mn
(35.20 £ 1.46) ppm. The order of the metal concentrations is
Mn >Pb > As >Hg >V > Cr>Sn>Cd > Ni > Co. In
comparison to the heavy metal concentrations in the mussels
from the Black Sea, the concentrations measured in the mussels
from Cape Town Harbour were higher. Similar results were,
however, found for Mn and Cd. Moreover, a significant cor-
relation was observed between Zn and Cu, and this finding is in
agreement with Cevik and Damla (2008). Metal accumulation
in the organs, the gills and the visceral mass of M. gallopro-
vincialis are the most interesting from the ecotoxicological
point of view. The distribution of metals among the various
organs seems to depend on the species and on the metals. Serra
etal. (1999) observed that the gills were the prefential organ for
cadmium uptake in M. galloprovincialis. In this study, Cu and
Cd concentration levels are higher in mussel tissues than in their
shells and these results are in agreement with those obtained by
Stanciu et al. (2004). The elevated concentrations for Cu, Cd
and Zn may be attributed to traffic of tankers and large
freighters, both kinds of boats which may bring metallic
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Table 3 Pearson correlation coefficients between metals levels in mussels by EDXRF
K Ca Fe Cu Zn Si Sr Al
K 1.00000 —0.78490 0.98822 0.85429 0.97813 0.45031 —0.72618 0.99627
0.0644 0.0002 0.0303 0.0007 0.3702 0.1022 0.0550
Ca 1.00000 —0.74836 —0.85214 —0.74367 —0.43464 0.91397 0.99687
0.0870 0.0312 0.0901 0.3891 0.0108 0.0504
Fe 1.00000 00.0385 0.96754 0.50077 —0.63424 0.98978
0.0016 0.3116 0.1762 0.0911 0.83510
Cu 1.00000 0.85330 0.32434 —0.76896 0.91551
0.0307 0.5306 0.0739 0.2636
Zn 1.00000 0.27444 —0.68019 0.99981
0.5987 0.1371 0.0124
Si 1.00000 —0.27162 0.98232
0.6026 0.1199
Sr 1.00000 0.71828
0.4899
Al 1.00000
Upper value = correlation coefficient r
Lower value = significance level P < 0.05, <0.0001
Table 4 Pearson correlation coefficients between metals levels in mussels by ICP-MS
\% Cr Mn Co Ni As Cd Sn Hg Pb
v 1.00000 0.99823 0.99975 0.99810 0.99689 0.82534 —0.31742 0.02437 —0.51460 0.94862
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.1993 0.9235 0.0289 <0.0001
Cr 1.00000 0.99700 0.99910 0.99877 0.82557 —0.31353 0.03285 —0.49630 0.95931
<0.0001 <0.0001 <0.0001 <0.0001 0.2052 0.8971 0.0362 <0.0001
Mn 1.00000 0.99656 0.99504 0.82208 —0.32072 0.01978 —0.51917 0.94312
<0.0001 <0.0001 <0.0001 0.1944 0.9379 0.0273 0.94312
Co 1.00000 0.99961 0.83071 —0.30903 0.03666 —0.50546 0.96137
<0.0001 <0.0001 0.2121 0.8852 0.0324 <0.0001
Ni 1.00000 0.81971 —0.32613 0.01970 —0.51418 0.96008
<0.0001 0.1866 0.9381 0.0290 <0.0001
As 1.00000 0.26667 0.57099 —0.04395 0.91443
0.2848 0.0133 0.8625 <0.0001
Cd 1.00000 0.93194 0.83928 —0.08553
<0.0001 <0.0001 0.7358
Sn 1.00000 0.68644 0.26428
0.0017 0.2893
Hg 1.00000 —0.29024
0.2427
Pb 1.00000

Upper value = correlation coefficient r
Lower value = significance level P < 0.05, <0.0001

pollutants to the environment and become bioavailable to the
mussels. These results are in agreement with Romeo et al.
(2005) (Fig. 6).

Pearson correlation coefficients for metals in M. gallo-
provincialis collected from Cape Town Harbour are pre-
sented in Tables 3 and 4. Strong correlation (r > 0.8) was
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Table 5 Metal concentrations (ppm) in sea water collected from the
sampling site

Heavy metals Conc. In ppm

Cd 0.31263 + 0.02341
As 2.13804 £ 0.04466
Pb 9.8034 + 0.18950
Hg 5.7410 % 0.37807
Sn 9.23 £ 0.134
Cu 18.144 £+ 0.19193
Zn 311.253 £+ 7.566
Al 303.645 £+ 6.0634
Si 2000.53 £+ 19.631
Fe 625.135 £+ 4.5264

Table 6 Metal concentrations (mg/kg) in sediment collected from
the sampling site

Heavy metals Conc. In mg/kg

cd 0.696 =+ 0.047
Pb 158.519 + 12.715
Hg 0.650 + 0.096
Sn 34.336 + 2.707
Cu 1.511 +0.112
Zn 0.854 + 0.04
Al 17.625 + 0.970
Si 17.625 + 0.970
Fe 28.753 + 1.850

calculated between (Cu and K) and (Cu and Zn). High
correlations (r > 0.9) were also calculated between (Zn
and K), (Fe and K), (Ca and Sr), (Ca and Al) and (Zn and
Al) which indicate strong associations between these
metals. Al, Sr, K, Cu, Ca, Fe and Zn would most likely be
of natural origin. High correlations (r > 0.9) were also
calculated between (V and Cr, Mn, Ni, As, Pb), (Cr and
Mn, Co, Ni, Pb), Mn and Co, Ni, Pb), (Co and Ni, Pb), and
(Pb and Ni, As) and also strong correlation coefficients
(r > 0.8) were calculated between (As and V, Cr, Mn, Co,

Ni) depicting a strong association, and hence would most
probably be of anthropogenic origin. These findings are in
agreement with the results obtained from the PCA. These
results suggest that the correlated metals share a common
accumulation process in tissues and shell of mussels.
Tables 5 and 6 show the metal concentrations in the water
and sediment samples from the same locations where
mussels were collected. It is apparent from the tables that
the detected Sn concentration in sediment samples is quite
high.

The average metal concentrations levels in the mussels
were compared with the national and international stan-
dards for metals in molluscs compiled by United Nations
Environment Programme, International Atomic Energy
Agency, Turkish Food Codex, European Commission and
Food and Agriculture Organisation as shown in Table 7.
The mean concentrations obtained for the metals studied
were higher than those recorded in the literature. Cu, Fe
and Zn concentrations found in the mussels samples are far
higher than the permissible limits allowed in national and
international guidelines.

Important heavy metal contamination of Cape Town
Harbour could be from industrial and domestic sources, as
well as from non-point inflows from the storm water/
stream discharging from urban/industrial areas in and
around the harbour. Nevertheless, it is necessary to step-
up the regular monitoring and adequate control measures
in order to ensure compliance with national and interna-
tional regulations on the protection of the marine water
system.

4 Conclusion

This study has further supported the importance of mussels
as useful organisms for measuring the pollution levels of
aquatic environment. Among other features for being
suitable as bioindicators are suitable dimensions, easy
identification and collection of organisms, accumulation of
the elements to a degree suitable for measuring, abundance

Table 7 Comparison of metal concentrations (mg/kg) in mussels with other guidelines

References Heavy metal
Cd Cr Cu Fe Ni Zn Pb
Current study Current 1.98 + 0.13 3.54 £ 0.05 616.76 + 0.31 1,377.49 £+ 139.14 1.88 + 0.05 7.30 £ 0.67
UNEP (1985) 0.3 - - - - 0.3
Wyse (2003) 0.18 0.73 3.28 146 0.60 0.12
TFC (2002) 0.05 - 20 - - 0.3
EC (2005) 0.05 - - - - 0.2
FAO (1983) 0.01 0.005 0.05-0.15 0.2-0.5 0.005-0.03

UNEP United Nations Environment Programme, TFC Turkish Food Codex, EC European Commission, FAO Food and Agriculture Organisation
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in the ecosystem. Thus, biological features of mussels may
give vital information about water pollution. Several spe-
cies, including mussels, have been used as indicators of life
exposure, based on the assumption that metal contents in
soft tissues of mussels are related to metal concentrations
in the corresponding environment (Pempkowiak et al.
1999; Bryan and Langston 1992; Cossa 1989; Abisil et al.
1996; Hummel et al. 1997). The soft tissues accumulate
metals more efficiently than the shells, although shells may
also give information about pollution levels in the envi-
ronment. In this study, Sn, Cd, As, Hg and Pb bioaccu-
mulated more in tissues while V, Cr, Mn, Co, Ni, Pb
bioaccumulated majorly in the shell depicting strong
associations and hence would most probably be of
anthropogenic origin. These findings are in agreement with
the results obtained from the PCA. This study further
revealed that the average metal concentrations levels in the
mussel (Mytilus galloprovincialis) were higher than the
national and international standards for metals in molluscs
compiled by UNEP, IAEA, TFC, EC Directives and the
FAO. It is therefore important that Cape Town Harbour
requires regular monitoring in otherrder to meet national
and international guidelines on the protection of the marine
environment.
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