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ABSTRACT 
 

Distribution of possible chemical forms of Al, Si, Sn, Pb, Zn, Fe, Hg, Cd and Cu in marine sediments of Cape Town 

harbour was investigated using a modified Tessier’s sequential extraction procedure and ICP-MS and ICP-AES for 

heavy metals determination. The mean fractions for all metals at all locations were: 1.5–7196 mg kg-1 for Si, 7.79– 

7266 mg kg-1 for Al, 161–639 mg kg-1 for Cu, 19–41978 mg kg-1 for Fe, 2.83–5864 mg kg-1 for Zn, 1.45–13.26 mg kg-1 

for Cd, 9.87–223 mg kg-1 for Sn, 11.98–979 mg kg-1 for Pb and 0.13–5.93 mg kg-1 for Hg. Si, Al and Zn were mostly 

associated with Fe–Mn oxides, whereas Sn and Hg were mainly bound to residual and organic matter. Pb existed 

mainly in the residual and iron/manganese oxide phases while Cd was evenly distributed in all the five phases. 

The loading plots of heavy metals bound to the various chemical forms, as well as Pearson correlation coefficients, 

enabled the determination binding relationship. Pb, Sn and Hg exhibited similar binding behaviour which indicated 

an anthropogenic point source from wastes from the ship maintenance workshop, and the presence of Sn in the 

organic phase can be identified with the use of anti-fouling paints at the harbour, whereas Al, Fe, Si, Cu and Zn would 

probably be of natural origin. Lastly Cd probably came from a diffuse pollution sources in the harbour due to its unique 

binding characteristic. The mobility of heavy metals varied depending on location and the heavy metal type. The 

mobility of metals followed the order: Si > Zn > Fe > Cu> Al> Cd> Pb > Sn > Hg. The high percentage of Cd and Pb 

in the bioavailable forms suggested the need to keep close surveillance on these metals because of their high toxicity. 
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1. INTRODUCTION 

Heavy metal pollution is a serious and wide spread environmental 

problem due to the persistence and non-biodegradability of 

these pollutants (Yuan et al., 2004; Fatoki et al., 2012; Okoro et 

al., 2014). The levels of heavy metals in the environment have 

increased during the last few decades due to human activities 

(Wang et al., 2001). Overcrowding, overdevelopment and 

overexploitation in coastal areas occur very often and these create 

a serious threat to aquatic ecosystems. Due to the high toxicity of 

Pb, Hg, Cd and Ar, and the abundance and ease of accumulation 

by living organisms, heavy metals are recognised as serious 
environmental pollutants (Idris et al., 2007). This situation is 

peculiar to those water bodies that have very restricted water 

exchange, such as the sea. Heavy metal pollution can emanate 
from different sources namely; industrial activities, domestic 

water and more so from shipping traffi particularly close to the 
harbour mouth (Bubb et al., 1991; Idris et al., 2007). 
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Sediments are the main repository of heavy metals in the 

marine environment and play an important role in the transport 

and storage of potentially hazardous metals (Bruder-Hubscher, 

2002). Sediments particles are made up of materials derived 

from  rock,  soil,  biological  and  anthropogenic  inputs.  The 

basic structural content of inorganic sediments is silicate and 

aluminosilicates. The characteristics of sediments depend on 

its mineral composition, percentage of organic matter, sorption 

capacity for pollutants, porosity and particle size distribution. 

The properties of sediments infl the concentration of the 

pollutant in the sediment (Ravisankar et al., 2010). Sediments can 

act as a scavenger agent for heavy metal and absorptive sink in 

aquatic environment. Sediments are therefore suggested to be an 

appropriate indicator of heavy metal pollution (Idris et al., 2007). 

Measurement  of  total  metal  concentrations  is  useful  to 

estimate the heavy metal burden of a solid such as a marine 

sediment. The mobility of heavy metals depends strongly on 

their  specifi   chemical  forms  and  binding  mechanism.  The 

determination of specific chemical species or binding sites is very 

complex and hardly ever possible. For this reason, sequential 

extraction procedures are commonly applied because they provide 

information about the fractionation of metals in the different 

phases of the solid sample and hence provide information on the 

environmental contamination risk (Margui et al., 2004; Nadaska 

et al., 2009). Metals do accumulate in sediments from both natural 

and anthropogenic sources, thus making it diffi to identify the 

diffuse sources of heavy metals (Idris et al., 2007). 

Moreover, the total concentration of metals often does not 

accurately represent their characteristics and toxicity. In order to 

overcome these obstacles it is helpful to evaluate the individual 

fractions of the sediment to which the metals are bound to fully 

understand their actual and potential environmental effects 

(Tessier et al., 1979). Single extractions are thus generally used 

to provide a rapid evaluation of the exchangeable metal fraction 

in soils and sediments (Quevavauviller, 2002; Sahuquillo et 

al., 2003). However, various complicated sequential extraction 

procedures were used to provide more detailed information 

regarding different metal phase associations (Tessier et al., 1979; 

Bordas and Bourg, 1998; Templeton et al., 2001). Among a range 

of available techniques using various extraction reagents and 

experimental conditions are the fi e steps of Tessier et al. (1979), 

the six steps of Kerstin and Frostier (1986) and BCR (Bureau 

Commune de Reference of the European Commission (Cuong et 

al., 2006; Pardo et al., 2008). 

To date, studies on metal speciation in marine sediments 

have been conducted in only a few countries including Turkey, 

Indonesia, Spain and China (Takarina et al., 2004; Morillo et al., 

2004; Guevara et al., 2004; Yuan et al ., 2004). Data on metal 

speciation in Cape Town‘s marine sediments are lacking. In this 

study, marine sediments collected from Cape Town harbour 

were analysed using modifi Tessier fi e-step sequential 

extraction procedure. A fifth step corresponded to the digestion 

of the residue from the fourth step; this was carried out using a 

microwave-assisted digestion procedure which was validated 

using a certified reference material, BCR-277R with certified and 

indicative extractable concentrations of As, Cd, Co, Cr, Cu, Hg, 

Ni and Zn. 

Specifi , the study involved determination of heavy metal 

distribution and speciation in the sediments. The relative mobility 

of Sn, Pb, Cu, Zn, Fe, Cd, Al, Si and Hg in the harbour sediments 

was also evaluated. Principal component analysis and Pearson 

correlation coeffi     were used to unravel the binding behaviour 

of these metals. 

 

 

2. EXPERIMENTAL 

 
2.1 The study area 

 

Cape Town harbour is one of the busiest ports in South Africa, 

handling the largest amount of fresh fruit and is second only 

to Durban as a port container. The port also has a major repair 

and maintenance facility used by several large fishing fleets 

and ships of West African oil industries. The map of the 

sampling points in Cape Town harbour is shown in Figure 

1, the coordinates and sampling depths are listed in Table 1. 
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Figure 1 Map showing sampling points on 

Cape Town Harbour. 
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Table 1 Summary of sampling sites with their coordinates and 

sampling depths 

throughout the study. All reagents used were of analytical 

grade  and  were  supplied  by  Merck  and  Kimix.  The 

Sampling Coordinates Sampling Description polypropylene  (PP),  high  density  (polyethylene  (HPDE) 

 sites depth   
 

1 S33 55.053 E18 26.236 14 m Duncan Dock 

2 S33 54.982 E18 26.707 12 m Duncan Dock 

3 S33 54.571 E18 26.842 14 m Ben Schoeman 

Dock 

4 S33 54.518 E18 27.184  Inside sea 500m 

away from 

Point 3 

5 S33 54.502 E18 27.566 15 m Inside sea 500m 

away from 

Point 4 

6 S33 54.574 E18 25.550 10 m Duncan Dock 

7 S33 54.411 E18 25.190 12 m Robinson dry 

dock 

8 S33 54.535 E18 25.279 14 m Synchrolift 

9 S33 53.827 E18 26.140 8 m Entrance to 

harbour 

10 S33 53.862 E18 25.809 3 m Control A 

11 S33 53.926 E18 25.496 6 m Control B 

 

The Cape Town harbour is located within the coordinates of 

33o54’S 18o26’E. The port 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 clayey. The Duncan dock is the smallest and 

the older inner dock contains the multipurpose and fruit terminals 

as well as a dry dock, repair quay and tanker basin. Both water 

and sediment samples at this site are very muddy and oily. The 

synchrolift dry dock is where the ships are lifted up for repair. 

 
 

2.2 Samples collection and preparation 
 

Samples were collected in triplicate with the aid of sample 

Boat Waveride DTC 787C (6.3 m Stringray cat hull) supplied 

by Stringray Marine powered by Suzuki 90 HP’s four-stroke 

engines and equipped with Van Veen Grab sampler. Garmin GPS 

was used to get the sampling coordinates. Samples were collected 

during low tide except for samples 4 and 5 which were collected 

at high tide. The sampling area covered a distance of 1 km2. The 

11 samples consisted of six samples from the harbour, two from 

the control sites area and three from the sea. The samples were 

placed in plastic poly zip block bag on ice and transported to the 

bottles  were  prewashed  with  laboratory  grade  detergent 

followed by adequate rinsing with ultra pure water, and 

soaking in 0.1 M HNO
3  

(overnight) followed by thorough 

rinsing with deionised water. An Agilent 7700 ICP-MS and 

a Varian Liberty II ICP-AES were used for determination of 

the heavy metals. A centrifuge (BHG, Rotor Unit II Nr. 7686 

V220 A. 0.7 J 487) was used to obtain supernatant extracts at 

4000 rpm for 20 min. Total digestions of sediment samples 

were performed with a Milestone GmbH MLS-1200 Mega 

microwave digestion system configured with a MDR-1000/6 

carousels TFM vessels. 

 

 

2.4 Sequential extraction procedures 

Speciation experiments were performed using the modified 

Tessier method (Tessier et al. (1979). The main modifications 

included the use of 1 M sodium acetate instead of MgCl
2
, 

and centrifugation steps of 20 and 5 min to get a clear 

supernatant clear solution which were not used by Tessier 

and co-workers. The use of microwave irradiation to extract 

the recalcitrant metal from sediment in residual fraction was 

another important modification. The details of the modified 

Tessier method are described below: 

Fraction 1 (Step 1) : 1.0 g sample was extracted with 8 m 

L of 1M sodium acetate at pH 8.2 at room temperature and 

centrifuged at 4000 rpm for 20 min. The residual solid was 

washed with 5 mL milliQ water, and then centrifuged at 4000 

rpm for 5 min. This fraction is taken to represent absorptive 

and exchangeable metals. 

Fraction 2 (Step 2) : Solid residue from Step 1 was extracted 

further with 8 mL of 1M sodium acetate (pH 5 with glacial 

acetic acid) and centrifuged at 4000 rpm for 20 min. This was 

followed by rinsing of solid residue with 5 mL milliQ water 

and then centrifuged at 4000 rpm for 5 min. This fraction is 

taken to represent metals bound to carbonates. 

Fraction 3 (Step 3): Solid residue from step 2 was leached 

with 8 mL of 0.1M NH
2
OH.HCl (in 25% v /v acetic acid ) and 

then centrifuged at 4000 rpm for 20 min at room temperature. 

The solid residue was later rinsed with 5 mL milliQ water 

and then centrifuged at 4000 rpm for 5min. Metals bounds 

to oxides of iron and manganese resulted from this process. 

Fraction 4 (Step 4):  To the solid residue from step 3, 3 mL 
laboratory. In the laboratory, samples were spread on aluminium of 0.02 M HNO and 5 mL of 30% H O adjusted to pH 2.0 
foils and air-dried at room temperature for a week. The dried 3 were added and 2     2 centrifuged at for 20 min. The 

then 4000 rpm 
sediment were ground using mortar and pestle, screened and 

sieved with a laboratory test sieve of size 500 µm, homogenised 

and fi stored at 4oC prior to sequential extraction. 

 

 

2.3 Reagents and instrumentation 

MilliQ water 18.2 Mcm (Millipore Bedford, MA, 

USA) deionising system was used for the preparation of 

solutions 

solid residue was rinsed with 5 mL of milliQ water and then 

centrifuged at 4000 rpm for 5 min. The supernatant gave the 

fraction of metals bound to organic matter. 

Fraction 5 (Step 5): Residual fraction strongly associated 

to the crystalline structure of the minerals. The residue from 

step 4 was finally digested in a mixture of HCl: HNO
3 
aqua 

regia (7.5 mL HCl: 2.5 mL HNO
3
) using microwave-assisted 

digestion (MLS software report, 1994). The digestate was 
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then transferred to a 50 mL volumetric flask and made up to 

mark. 12 mL aliquot mixture was taken out for analysis. 

 

 

2.5 Quality assurance 
 

The extracts obtained from each step  were  analysed  for 

Sn, Pb, Cu, Zn, Fe, Cd, Al, Si and Hg using ICP-MS. All 

analyses were carried out in triplicate. The blank samples 

were analysed after every 10 measurements. Major and trace 

elements were analysed by a Varian ICP-AES and Agilent 

7700 ICP-MS respectively. For quantification 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 sequential extraction procedure, 

reference sediment materials BCR-277R (for trace elements) 

were extracted using the above procedure and analysed in 

triplicates. These reference materials were purchased from the 

European Community Bureau of reference, IRMM, Belgium. 

 
 

2.6 Recovery efficiency using the reference sediment 

materials 

The recovery efficiencies obtained for all the metals ranged 

between 92.05 and 101.01% for ICP-MS and 100.52 and 

108.25% for ICP-AES with deviation less than 10% in all 

cases. 

 
 

2.7 Statistical analyses 
 

The results were statistically analysed using SAS  9 

software (Cary, NC, USA). Pearson’s correlation  was 

applied to evaluate the relationships between the variables 

and correlation coefficient with P  0.05 was regarded as 

significant. Principal component analysis (PCA) was used to 

analyse the analytical data. 

 

 
3. RESULT AND DISCUSSION 

 

3.1 Heavy metals fractionation and distribution 
 

The results of the total metal contents showed that aluminium 

has the highest average concentration while mercury has the 

least concentration. In general, locations 2, 7 and 8 recorded 

important concentrations for most of the heavy metals 

signifying that these sites were the most polluted of all the 

11 locations sampled. Location 8 particularly stood out as 

the most polluted area within the harbour. Location 8 is the 

synchrolift dry dock, a maintenance facility where ships are 

regularly lifted up for repair. 

 

 

3.2 Percentage distribution of heavy metals in Cape Town 

sediment harbour 

The analytical results obtained for the concentration of heavy 

metals in the five constituent fractions of sediment samples 

collected at the 11 sampling sites are presented in Figure 2, 

while the distribution of heavy metals in the given fractions 

are illustrated in Table 2. The proportions of bioavailability 

and non- bioavailability of heavy metals are summarised in 

Table 4. The percent distribution of silicon in the five fractions 

is shown in Figure 2. Si concentration was generally low in 

all the chemical forms except in residual fractions at locations 

9 and 11, whereas for other locations, silicon was mainly 

bound to Mn/Fe oxides with concentrations ranging from 

12.979 mg kg-1 at location 10 to 22317.42 mg kg-1 at location 

7 (Table 2). The waste discharges from ship maintenance 

facility could be responsible for the high values recorded at 

locations 7 and 8. This may also be due to the specific type of 

sediment at the sites, as clay particles contain high amounts 

of silicon as part of the clay mineral structure (Alessandro 

Delle Site, 2001). 

The distribution of aluminium in the five fractions of 

sediment samples is presented in Figure 2(a). The highest 

aluminium content was in the fractions bound to Mn/Fe 

oxides. The second highest concentration was in the carbonate 

fraction. The exchangeable fraction contained the least 

concentration of aluminium. The high concentration values 

recorded for aluminium at location 8 could be due to routine 

repair and painting of ships at this location but it may also be 

due to the specific sediment type at this location, which may 

contain a high percentage of clay particles. Clay particles 

in soils often contain aluminium as part of the clay mineral 

structure (SNMMC, 200). The distribution of iron in all the 

sediment fractions presented in Figure 2(c) followed the same 

pattern as for aluminium. The concentration of iron in the Mn/ 

Fe oxide extract ranged from 14476.11 mg kg-1 at location 

4 to 132470.80 mg kg-1 at location 7 (Table 2). Relatively 

higher values were also recorded at location 8 for the same 

sediment fraction. Fe is mostly present in bioavailable form 

(>95%). High values recorded at locations 7 and 8 could be 

attributed to wastewater from domestic activities around the 

Victoria and Albert Waterfront in addition to contribution 

from industrial activities. It may also be due to the specific 

sediment type at this location, which may contain a high 

percentage of clay particles. Clay particles in soils often 

contain iron as part of the clay mineral structure (Dumbleton 

and West, 1966). 

The percent distribution of Cu in the five fractions of 

sediment samples is presented in Figure 2(d). Copper exhibited 

highest concentration in the fraction bound to Mn/Fe oxides. 

This was followed closely by carbonate and exchangeable 

fractions. Locations 8 again recorded the highest concentration 

for copper (Table 2). The high percentage recorded for Cu in 

the bioavailable forms at locations 7 and 8 could be attributed 



130 Evaluation of metals in marine sediments of Cape Town Harbour 
 

 

  
 

  
 

  
 

  
 

 

 

 

 

 

 

 
 

Figure 2 Percentage distribution of metal in sediments. 

(a) Al; (b) Si; (c) Fe; (d) Cu; (e) Zn; (f) Cd; (g) Sn; (h)Hg; (i) Pb. 

(h) (g) 

(f) (e) 

(d) (c) 

(b) (a) 

(i) 



Hussein K. Okoro, Olalekan S. Fatoki, Folahan A. Adekola, Bhekumusa J. Ximba and Reinette G. Snyman 131 
 

F
e(

m
g

 k
g

-1
) 

S
i(

m
g

 k
g

-1
) 

A
l(

m
g

 k
g

-1
) 

 

Table 2  Fractions with locations 
 

Item Locations Carbonate Mn and Fe oxides Organic Oxidisable Residual Mean location 

 Ben Schoeman 288.85±30.49 3770.55±895.24 4.88±0.06 2.00±0.00 201.74±14.73 853.60±419.24 

 Control A 244.45±39.96 3045.81±177.75 3.15±0.15 29.74±5.21 56.01±1.59 675.83±319.00 

 Control B 66.80±10.14 1153.25±70.03 3.68±0.79 11.20±9.20 40.08±2.00 255.00±120.78 

 Duncan Dock 1 414.55±14.96 8888.09±687.57 6.70±1.43 2.00±0.00 307.78±30.86 1923.82±938.90 

 Duncan Dock 2 438.51±130.26 10414.47±392.95 7.94±2.88 2.00±0.00 215.01±31.32 2215.58±1098.70 

 Duncan Dock 3 593.85±84.64 8318.41±813.92 8.77±3.20 17.71±8.31 235.22±21.77 1834±1940 

 Entrance 172.57±20.79 1092.28±50.23 3.41±0.21 2.00±0.00 14.31±1.111 256.92±113.32 

 Inside sea point 4 265.05±53.07 2609.50±166.56 2.72±0.10 9.39±7.39 58.67±6.40 589.07±272.81 

 Inside sea point 5 230.81±1.56 2012.97±140.97 5.13±0.79 2.00±0.00 42.82±2.08 458.75±210.26 

 Robinson dry 

dock 

784.29±359.99 17929.50±1369.11 15.57±2.64 28.75±16.23 237.06±2.01 3799.03±1904.82 

 Synchrolift 813.01±111.44 20693.52±1884.22 23.76±0.56 120.16±118.16 262.584±24.79 4382±2204 

 Mean fractions 392.07±51.88 7266.21±1164.89 7.79±1.16 20.63±10.78 151.93±18.85  

 P0.05   ****    

 Interaction   ***   *** 

 Ben Schoeman 1.5±0.00 1662.88±615.84 4.51±0.04 1.50±0.00 2.08±0.04 334.49±205.78 

 Control A 1.50±0.00 44.26±42.76 1.98±0.13 1.50±0.00 7.14±0.86 11.28±8.49 

 Control B 1.5±0.00 1.50±0.00 1.08±0.14 1.5±0.00 9.03±1.22 2.92±0.84 

 Duncan Dock 1 38.52±37.03 12544.27±1183.30 7.75±1.86 1.50±0.00 2.17±0.14 2518.84±1354.57 

 Duncan Dock 2 1.50±0.00 13513.50±1809.09 9.43±3.45 1.5±0.00 1.79±0.017 2705.54±1476.29 

 Duncan Dock 3 1.50±0.00 9686.81±1298.56 9.76±4.14 1.50±0.00 1.99±0.19 1940.31±1058.19 

 Entrance 1.50±0.00 1.50±0.00 0.77±0.05 1.5±0.00 5.75±0.42 2.20±0.48 

 Inside sea point 4 1.50±0.00 415.04±0.00 1.53±413.54 1.50±0.38 4.00±0.00 84.71±82.67 

 Inside sea point 5 1.50±0.89 95.26±0.00 0.86±93.75 1.50±0.39 3.86±0.00 20.59±18.73 

 Robinson dry 

dock 

120.16±0.27 22317.42± 118.66 14.83±1280.72 1.50±2.34 2.43±0.00 4491.27±2392.05 

 Synchrolift 320.43±0.43 18878.70±166.69 18.51±2713.84 1.50±0.77 2.46±0.00 3844.32±2061.21 

 Mean fractions 44.64±22.81 7196.47±1462.99 6.45±1.14 1.5±0.00 3.88±0.43  

 P0.05   ***   *** 

 Interaction   ***    

 Ben Schoeman 2425.03±959.46 27849.05±9657.11 3.26±0.08 32.11±18.888 210.96±4.34 6104.08±3345.70 

 Control A 557.39±112.69 12680.07±1005.04 0.55±0.08 90.88±31.30 177.69±4.10 2701.31±1345.34 

 Control B 284.25±82.56 7392.87±804.63 0.99±0.21 36.86±11.94 71.70±7.99 1557.34±792.14 

 Duncan Dock 1 633.74±125.35 33908.78±2414.75 4.47±0.58 2.00±0.00 254.34±5.12 6960.67±3624.74 

 Duncan Dock 2 1943.91±662.61 40889.36±2252.48 29.11±19.03 31.34±15.56 216.24±19.32 8621.99±4334.41 

 Duncan Dock 3 2805.94±397.66 50002.93±5382.99 27.20±9.34 30.13±6.73 198.66±9.34 10612±5349.64 

 Entrance 538.14±50.61 7284.03±817.82 1.10±0.22 26.09±5.67 28.24±2.19 1575.52±777.17 

 Inside sea point 4 963.85±125.21 14476.11±1234.41 1.27±0.16 60.12±39.69 75.02±0.20 3115.28±1535.55 

 Inside sea point 4 800.17±78.87 10006.03±671.52 1.46±0.28 35.82±24.43 51.07±1.02 2178.91±1055.20 

 Robinson dry 

dock 

2622.60±686.08 132470.80±4642.92 66.93±11.67 75.68±51.01 375.78±22.89 27122.36±14102.43 

 Synchrolift 3768.14±236.52 124807.26±15033.31 82.88±11.40 401.41±368.81 372.21±12.36 25886.38±13465.95 

 Mean fractions 1576.65±226.92 41978.85±7758.19 19.92±5.34 74.77±34.07 184.72±20.51  

 P0.05   ***   *** 

 Interaction   ****    
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Table 2 (Contd) Fractions with locations 
 

Item Locations Carbonate Mn and Fe oxides Organic Oxidisable Residual Mean location 

 Ben Schoeman 17.48±10.79 101.09±24.00 360.93±0.09 1.00±0.00 183.98±3.77 132.89±35.40 

 Control A 140.03±16.65 325.49±102.19 147.43±5.60 60.79±8.27 438.74±36.82 222.49±41.45 

 Control B 6.59±5.59 81.88±16.62 172.90±12.10 5.66±4.66 172.39±20.39 87.88±20.54 

 Duncan Dock 1 31.43±5.42 388.50±103.11 1413.83±681.48 1.00±0.00 1507.65±57.34 668.48±212.00 

 Duncan Dock 2 151.06±43.31 683.02±12.93 2712.54±1067.26 24.05±14.57 2796.62±408.01 1273.45±381.27 

 Duncan Dock 3 114.37±20.30 379.48±97.72 1802.56±751.34 5.87±4.87 713.12±36.80 603.08±215.40 

 Entrance 37.62±10.74 80.49±26.05 54.46±10.79 21.38±12.62 80.07±13.83 54.808±8.64 

 Inside sea point 4 55.29±54.29 23.76±2.82 116.24±9.84 96.47±85.66 105.82±14.85 79.52±19.73 

 Inside sea point 5 22.07±10.68 61.86±17.86 135.07±17.21 50.77±49.77 64.36±2.26 66.82±13.82 

 Robinson dry 

dock 

642.07±284.68 2011.29±172.91 50.12±10.56 504.89±68.85 20.77±1.82 645.83±202.18 

 Synchrolift 562.20±3.57 1554.33±63.10 63.87±8.28 948.15±379.82 18.42±1.55 629.39±166.96 

 Mean fractions 161.84±43.82 517.39±113.63 639.08±189.75 156.36±58.87 554.72±149.27  

 P0.05   ***   *** 

 Interaction   ***    

 Ben Schoeman 390.16±73.73 975.79±132.43 0.55±0.008 99.46±38.52 0.80±0.021 293.35±102.32 

 Control A 510.45±93.33 1215.93±75.33 0.50±0.02 251.69±31.19 1.83±0.23 396.08±122.40 

 Control B 148.75±7.44 872.44±176.6 0.41±0.06 111.40±49.73 0.47±0.014 226.70±93.06 

 Duncan Dock 1 572.97±68.23 2401.85±210.14 2.40±0.59 15.19±2.36 1.76±0.10 598.84±250.77 

 Duncan Dock 2 1724.60±317.87 5070.27±566.06 3.53±1.13 92.54±24.68 2.61±0.19 1378.71±534.93 

 Duncan Dock 3 1542.46±258.51 3083.76±547.28 1.89±0.76 166.79±91.82 1.15±0.08 959.21±339.45 

 Entrance 298.76±44.68 817.38±165.09 0.28±0.07 128.00±33.63 0.35±0.07 248.96±86.57 

 Inside sea point 4 370.41±85.57 687.03±52.19 0.43±0.06 205.58±60.32 0.35±0.02 252.76±71.65 

 Inside sea point 5 591.27±83.23 967.18±67.15 0.66±0.04 120.26±47.28 0.31±0.04 335.94±104.37 

 Robinson dry 

dock 

7231.96±4216.19 19053±299.77 20.43±2.72 985.13±20.86 9.81±1.206 5460.09±2080.40 

 Synchrolift 6287.93±892.67 29360.9034±4216.83 43.00±6.87 1444.72±438.63 11.63±1.14 7429.64±3082.75 

 Mean fractions 1788.16±535.43 5864.15±1625.71 6.74±2.33 329.16±84.08 2.83±0.68  

 P0.05   ***   *** 

 Interaction   ***    

 Ben Schoeman 2.303±0.28 5.21±1.40 4.20±0.00 0.80±0.12 1.13±0.09 2.73±0.52 

 Control A 1.97±0.94 1.98±0.25 0.68±0.05 1.20±0.57 1.33±0.23 1.43±0.24 

 Control B 1.68±0.44 5.34±0.84 1.80±0.22 0.80±0.43 2.07±0.35 2.34±0.46 

 Duncan Dock 1 8.24±0.49 13.10±3.12 11.78±3.46 0.45±0.10 3.144±0.22 7.34±1.52 

 Duncan Dock 2 16.42±5.57 24.74±1.77 14.74±4.17 1.45±0.19 4.98±0.58 12.47±2.54 

 Duncan Dock 3 6.55±1.83 11.86±1.64 15.98±9.68 1.30±0.45 3.72±1.75 7.88±2.24 

 Entrance 1.51±0.29 3.28±0.40 0.96±0.03 0.80±0.14 0.70±0.14 1.44±0.27 

 Inside sea point 4 1.68±0.09 5.22±0.24 3.47±0.59 1.34±0.51 4.24±2.50 3.19±0.59 

 Inside sea point 5 2.77±0.22 5.79±0.51 6.05±0.65 0.59±0.06 1.46±0.16 3.33±0.61 

 Robinson dry 

dock 

10.67±4.96 19.87±1.58 19.71±4.55 3.18±0.30 5.60±0.87 11.81±2.20 

 Synchrolift 10.18±1.86 34.91±6.02 66.44±1.45 4.07±1.24 13.17±2.04 25.75±6.21 

 Mean fractions 5.81±1.04 11.94±1.86 13.26±3.31 1.45±0.23 3.78±0.66  

 P0.05   ***   *** 

 Interaction   ***    
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Table 2 (Contd) Fractions with locations 

 

Item Locations Carbonate Mn and Fe oxides Organic Oxidisable Residual Mean location 

 Ben Schoeman 0.53±0.036 8.34±2.33 0.30±0.00 0.59±0.08 87.67±48.41 19.49±12.28 

 Control A 8.84±0.41 10.04±0.69 3.92±0.88 12.17±0.27 119.57±10.28 30.91±11.99 

 Control B 5.64±0.32 15.78±7.32 15.24±3.37 5.94±0.40 76.06±8.43 23.73±7.36 

 Duncan Dock 1 0.29±0.24 13.83±5.38 4.16±1.99 0.05±0.00 105.62±3.18 24.79±10.93 

 Duncan Dock 2 7.55±1.09 18.08±3.02 10.67±8.88 0.80±0.20 134.38±6.93 34.29±13.60 

 Duncan Dock 3 1.82±1.08 11.81±5.48 7.94±6.95 0.90±0.16 95.92±3.88 23.67±9.85 

 Entrance 16.49±0.82 18.36±2.63 20.93±3.58 24.64±5.87 23.72±1.91 20.82±1.53 

 Inside sea point 4 0.57±0.08 5.26±2.93 13.28±6.38 0.91±0.04 25.71±1.26 9.15±2.80 

 Inside sea point 5 1.32±0.94 9.12±4.10 13.13±5.06 0.49±0.05 32.06±9.08 11.22±3.59 

 Robinson dry 

dock 

41.60±3.97 76.70±5.73 14.45±1.70 71.41±10.08 614.92±24.93 163.82±60.75 

 Synchrolift 23.93±0.49 124.77±10.34 53.63±0.64 28.65±3.68 1143.33±55.93 274.86±116.85 

 Mean fractions 9.87±2.20 28.37±6.47 14.33±2.67 13.32±3.79 223.54±58.79  

 P0.05   ***   *** 

 Interaction   ***    

 Ben Schoeman 0.09±0.05 0.18±0.00 0.40±0.00 0.23±0.04 1.96±0.20 0.57±0.19 

 Control A 0.05±0.00 0.05±0.00 0.28±0.05 0.05±0.00 1.99±0.75 0.48±0.24 

 Control B 0.05±0.00 0.05±0.00 0.21±0.13 0.08±0.03 2.11±0.40 0.50±0.23 

 Duncan Dock 1 0.64±0.07 0.35±0.02 0.05±0.00 0.91±0.13 6.30±0.42 1.65±0.63 

 Duncan Dock 2 0.26±0.05 0.28±0.02 2.49±1.14 0.33±0.01 5.68±0.21 1.81±0.60 

 Duncan Dock 3 0.08±0.02 0.05±0.00 0.69±0.48 0.05±0.00 2.86±0.34 0.75±0.31 

 Entrance 0.05±0.00 0.05±0.00 0.07±0.02 0.05±0.00 1.34±0.15 0.31±0.14 

 Inside sea point 4 0.10±0.05 0.05±0.00 0.13±0.09 0.13±0.04 2.38±0.23 0.56±0.24 

 Inside sea point 4 0.08±0.03 0.05±0.00 0.05±0.00 0.38±0.34 1.81±0.27 0.48±0.19 

 Robinson dry 

dock 

0.40±0.06 0.14±0.06 1.74±0.79 0.40±0.14 18.23±2.19 4.18±1.92 

 Synchrolift 0.19±0.07 0.16±0.06 1.07±0.30 0.05±0.00 20.62±3.63 4.42±1.25 

 Mean fractions 0.18±0.03 0.13±0.02 0.65±0.18 0.24±0.05 5.93±1.21  

 P0.05   ***   *** 

 Interaction   ***    

 Ben Schoeman 98.83±31.31 305.69±67.82 14.16±0.01 6.04±0.99 197.65±15.09 124.48 

 Control A 87.49±5.35 430.76±37.55 17.76±1.09 19.71±1.18 423.37±13.32 195.82± 

 Control B 42.17±13.59 250.28±15.28 15.14±6.82 17.33±1.01 204.22±18.51 105.83± 

 Duncan Dock 1 125.98±8.69 634.45±50.03 28.49±10.08 2.21±0.11 855.98±41.6 329.43± 

 Duncan Dock 2 171.09±33.11 978.64±64.09 22.29±9.26 9.59±2.11 1007.08±17.76 437.74± 

 Duncan Dock 3 309.11±57.61 968.38±136.28 47.89±16.76 4.69±0.88 605.21±41.39 387.06± 

 Entrance 34.24±2.58 146.93±2.52 15.93±0.86 14.34±2.62 116.68±34.15 65.62± 

 Inside sea point 4 66.85±17.18 189.95±15.07 4.63±0.96 6.71±0.43 123.29±8.04 78.29± 

 Inside sea point 4 94.11±16.38 195.20±9.12 12.95±2.64 9.68±2.45 121.80±12.07 86.75± 

 Robinson dry 

dock 

282.02±181.64 1608.61±92.30 140.79±44.27 12.29±0.40 2734.25±176.27 955.60± 

 Synchrolift 309.66±45.94 2286.18±260.21 237.90±0.81 29.26±13.73 4390.34±351.87 1450.67± 

 Mean fractions 147.41±23.45 726.83±118.64 50.72±12.82 11.98±1.72 979.99±231.87  

 P0.05   ***   ***. 

 Interaction   ***    
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to the use of antifouling paint on ships in addition to other 

industrial and domestic activities around the harbour (Idris 

et al., 2007). The concentration of zinc was generally higher 

than that of copper at all locations. In terms of distributions, 

zinc was mainly present in the fraction bound to Mn/Fe 

oxides, followed by carbonate and the exchangeable fractions 

in that order [Figure 2(e)]. The highest total concentration 

was recorded at location 8 (Table 2). In terms of mobility, Zn 

was mostly present in bioavailable forms across all locations 

(> 99.20%). This is in agreement with the literature as several 

authors had previously reported high concentrations for zinc, 

especially in the Mediterranean and European harbours (Van 

den Hurk et al., 1997, Schintu and Degetto, 1999 and Guevara 

et al., 2004). 

The percent distribution of cadmium in the five fractions of 

sediment samples is shown in Figure  2(f).  Cadmium was 

mainly present in the fraction bound to Fe/Mn oxides 

with concentrations of 34.9 and 19.9 mg kg-1 at locations 7 

and 8, respectively (Table 2). In terms of mobility, Cd was 

mostly present in bioavailable forms (> 60%) across all 

locations except locations 1, 4, 5 and 8. The predominance of 

cadmium in location 8 could be attributed to waste discharges 

from industrial activity around the harbour. Some authors 

had previously linked the presence of Cd at harbours to oil 

refining (Idris et al., 2007). Oil sheen was indeed observed 

on the surface of the marine water near the dockyard area at 

the time of sampling. In a related study, high values of Cd 

had been attributed to run-offs from nearby mining zones as 

well as industrial activities around an Italian harbour (Schintu 

and Degetto, 1999). The percent distribution of tin in the 

five fractions of sediment samples is shown in Figure 2(g). 

Tin was present in the residual phase with concentrations of 

1143.33 mg kg-1 and 614.92 mg kg-1 at locations 7 and 8, 

respectively [Figure 2(g) and Table 2]. Tin was mostly present 

in non-bioavailable forms across all locations (>80%) except 

at locations 7 and 9. The exceptionally high value of tin 

observed at locations 7 and 8 was due to repair and painting 

of ships that take place in these locations. Organic tin is the 

major active ingredient in the antifouling paints. 

The distribution of lead in all the sediment fractions follows a 

similar pattern to tin. The percent distribution of lead in the 

five fractions of sediment samples is shown in Figure 2(i). 

Comparably high values of Pb were also recorded at location 

8, especially in fraction 3 (bound to Mn/Fe oxides), with the 

concentrations of 146.93 mg kg-1 and 2286.18 mg kg-1 at 

locations 8 and 9, respectively (Table 2). The high sorption 

potential of Mn/Fe oxides for Pb could explain the binding 

behaviour observed for this heavy metal (Morillo et al., 2004). 

In terms of mobility, Pb was more in the bioavailable forms 

(55–77%) across all locations except at locations 1, 8 and 7 

where it was present in non-bioavailable forms. The relatively 

higher levels recorded in the bioavailable forms has important 

implications in public and ecosystem health. There appears to 

be a diverse variation in the concentration of mercury across 

all locations. The percent distribution of mercury in the five 

fractions of sediment samples is presented in Figure 2(h) its 

concentration was significantly high in fraction 5 (residual 

fraction). The highest concentrations recorded were 20.62 mg 

kg-1 and 2.11 mg kg-1 (Table 2) at locations 8 and 11, and this 

corresponds to 89.57% and 98.59% of the total concentration 

of Hg in the sediment, respectively [Figure 2(h)]. The results 

indicate that Hg is locked-up in the sediments. As observed 

previously for other metals, location 8 recorded highest total 

concentration of mercury. Locations 7 and 8 (dry-dock area) 

contained the highest concentration of metals, which might 

also be attributed to the various ship maintenance activities 

including welding, stripping and painting. Hg was mostly 

present in non-bioavailable forms (> 60%) across all locations 

except location 4 where it was present in bioavailable forms 

(60%). In summary, high concentrations recorded for Cd, Cu, 

Pb and Zn at locations 8 and 9 (entrance to harbour) could be 

attributed to urban discharges in the area, run-offs from ship 

maintenance and corrosion of metallic materials (Idris et al., 

2007) 

Cadmium concentration levels in sediments in the harbour 

are below the South African guidelines across all 

locations except location 8 which this study has identified as 

the most polluted site. Cd concentration levels were found 

to be above EPA guidelines (Table 2), especially at location 

8 where docking and painting activities are taking place. 

Cu concentration levels have been found to be higher than 

maximum values stipulated by the South African guidelines 

except at the control site and locations 9 and 11, which are the 

entrances to the harbour. Pb concentration values were lower 

than the maximum value stipulated in the South African 

guidelines except at location 9. On the other hand, Pb levels 

were higher than EPA maximum values in the guidelines 

across all sampling sites. Zn concentrations at locations 

9, 10, 11, 6, 5, 4, 3 and 1 were lower than the South Africa 

guidelines while it was higher at locations 2, 7and 8. Zn 

levels were higher than EPA guidelines at all locations except 

location 11 which served as the control, and Hg concentration 

levels were generally above the EPA standards across all 

locations (Table 3). 

The percentage of bioavailable and non bioavailable 

proportions of heavy metals with respect to the sum of 

fractions 1, 2 and 3 (bioavailable) and fractions 4 and 5 (non- 

bioavailable) in the marine sediments from each extraction 

step are summarised in Table 4. These metals are classified as 

bioavailable and non-bioavailable groups on the basis of their 

relative mobility and toxicity to the aquatic environment. All 

the metals except Hg and Sn exhibited higher percentages 

in the Mn/Fe oxide phase, which means that Zn, Fe, Si, Al, 

Cd, Cu and Pb are more mobile and hence, bioavailable in 

sediments from Cape Town harbour. The experimental data 

shows that the mobility of heavy metals decreases in the 

following order: Zn > Fe > Si > Al > Cd > Cu> Cu > Pb 

> Hg > Sn. The present study has demonstrated that Sn 

and Hg are the least bioavailable metals in the sediments 

across all locations. High percentage of metals recorded in 

fractions 1 to 3 was due to the greater mobility, as well as the 

effluent coming from the Diep River (Shuping et al., 2011). 

A similar observation had been reported in a related study 

(Usero et al., 1998). Many factors could be responsible for 

the accumulation and bioavailability of metals in sediments. 

Concentrations and variability observed may be due to other 
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Table 3 Comparison of mean metal concentrations in marine sediments from selected African countries in mg kg-1
 

 

Locations Year Si Al Cu Fe Zn Cd Sn Pb Hg Ref 

Cape Town  1.5– 7.79– 161– 19– 2.83– 1.45– 9.87– 11.98– 0.13– Current study 

Harbour  7196 7266 639 41978 5864 13.26 223 979 5.93  
Richards Bay 

Harbour 

1998 NE ND 10– 

25.8 

ND 14– 

193 

NE NE NE NE Archibald and 

Parson, 1998. 

Richards Bay 1996– NE 8125– 1.82– 11934– 48.1– NE NE NE NE Wepener and 

Harbour 1997  75086 53.5 57310 181.1     Vermenlen, 1998 

Abu-kir Bay 

Egypt 
 NE NE 12 4500 102 2.02 NE – NE Saad et al., 1981 

Port Said Egypt    14 2500 50 3.2  –  Saad et al., 1981 

Ebrie Lagoon 

Cote d’Ivore 
   37.0 52400 187   57.6  Kouadio and 

Trefry, 1987 

Lagos Lagoon 

Nigeria 
  15  36380 147 4.1  178.9  Okoye et al., 

1991 

SA guidelines    50– 

500 
 150– 

750 

1.5– 

10 
 100– 

500 
 SA Guidelines 

(Fatoki and 

Mathabatha, 

2001) 

EPA guidelines    18.7  124 0.7  30.2 0.13 EPA, 2002 

EPA Guidelines (Canadian Environmental Quality Guidelines.  Updated 2002) 

SA Guidelines (Fatoki and Mathabatha, 2001). 

 
Table  4 Percent of bioavailable and non-bioavailable proportions of heavy metals in the sediments 

 

Locations Fraction Al Si Fe Cu Zn Cd Sn Hg Pb 

1 Bioavailable 96.7 99.89 99.24 12.57 99.86 58.93 11.74 22.93 46.3 

 Non-bioavailable 3.3 2.5 0.04 7.75 0.14 40.28 88.26 76.83 53.7 

2 Bioavailable 97.98 99.9 99.38 13.63 99.9 68.38 15.4 31.67 52.95 

 Non-bioavailable 2.02 0.08 0.57 86.36 0.05 31.62 84.6 68.33 47.01 

3 Bioavailable 95.16 98.5 99.08 46.79 99.88 60.14 9.74 2.97 77.06 

 Non-bioavailable 4.84 1.5 0.92 53.21 0.09 38.4 90.26 97.07 22.94 

4 Bioavailable 30.5 99.56 97.06 59.92 99.94 51.57 14.66 60.32 67.34 

 Non-bioavailable 69.5 0.44 2.96 40.08 0.06 48.43 85.34 39.68 32.66 

5 Bioavailable 97.9 98.37 99.53 55.11 99.96 12.8 19.37 40 68.93 

 Non-bioavailable 2.1 1.63 0.47 44.89 0.04 87.2 80.63 60 31.07 

6 Bioavailable 97.34 99.88 99.57 16.84 99.93 50 12.25 1.41 66.25 

 Non-bioavailable 2.66 0.12 0.43 83.16 0.07 50 87.75 98.99 33.75 

7 Bioavailable 98.67 99.93 99.57 97.8 99.88 57.12 23.16 4.33 39.83 

 Non-bioavailable 1.33 0.07 0.43 2.2 0.11 42.88 76.84 95.67 60.17 

8 Bioavailable 98.68 99.89 99.65 99.54 99.87 37.63 12.93 6.09 36.03 

 Non-bioavailable 1.32 0.1 0.35 0.46 0.13 62.37 87.06 93.91 63.96 

9 Bioavailable 98.62 0 99.63 52.67 99.94 76.71 57.1 0 59.59 

 Non-bioavailable 1.38 100 0.37 47.32 0.051 23.29 42.9 100 40.41 

10 Bioavailable 98.25 93.59 98.68 42.63 99.87 72.22 20.08 0 54.97 

 Non-bioavailable 1.75 7.01 1.28 57.41 0.12 27.78 79.94 100 45.03 

11 Bioavailable 96.61 0 99.9 76.86 99.26 66.67 10.71 0.68 58.16 

 Non-bioavailable 3.39 100 0.1 23.14 0.74 33.33 89.29 99.32 41.84 

 

abiotic factors such as the physico-chemical properties of the 

overlying water and/or variability in sediment composition 

(Magnusson et al., 1996). Total metal concentrations do not 

necessarily reflect bioavailability (Thompson et al., 1984; 

Coetzee, 1993). The present results indicate that even though 

the total concentrations of most of the highly toxic metals 

are above the guideline values, a greater percentage of these 

metals exist in a non-bioavailable form. 

Standard two-dimensional PCA was carried out and 

plotted on the axes for nine heavy metals (Al, Si, Fe, Cu, Zn, 

Cd, Sn, Hg and Pb) measured at the 11 sampling locations 

in Cape Town harbour sediments Figure 3. The distribution 

of Pb, Sn and Hg components were highly concentrated at 

the Robinson dry dock, which showed that they were from 

anthropogenic sources, while Al, Fe, Si and Zn were highly 

concentrated in Duncan dock, and this confirms that theses 
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Figure 3 Principal (PCA) in Cape Town harbour sediment in 

different fractions (a); (b) heavy metals variations; (c) heavy metal 

content in locations in Cape Town harbour. 

 
 

Table 5 Eigen values of the correlation matrix 

Metals 
Eigen

 
 

Difference Proportion    Cumulative 
  values   

 

Zn 4.39 1.76 0.49 0.49 

Cd 2.64 1.73 0.29 0.78 

Sn 0.91 0.21 0.10 0.88 

Hg 0.69 0.48 0.08 0.96 

Pb 0.21 0.14 0.02 0.98 

Al 0.07 0.02 0.01 0.99 

Si 0.04 0.02 0.01 0.99 

Fe 0.03 0.02 0.01 0.99 

 Cu 0.01 0.00 0.00 1.00   

 

 
metals are of natural origin. Cu and Cd were also concentrated 

in Robinson, BenSchoeman, and Synchrolift and Duncan 

docks. Significantly low concentration levels of metals were 

recorded at the control sites 10 and 11. PCA was also used 

to show the distribution of all the heavy metals analysed 

in different fractions (Figure 3). The results obtained with 

the PCA method are comparable with Pearson correlation 

analysis. 

Component variations in the heavy metals from the Eigen 

values are shown in Table 5. The Eigen values decrease in 

the order: Zn > Cd > Sn> Hg >Pb> Al> Si> Fe> Cu. Al, Si, 

Fe and Cu have very low Eigen values and they could be said 

to be of natural origin while Zn, Cd, Sn, Hg and Pb were of 

anthropogenic sources due to their high level of component 

variations. Pearson correlation coefficients for heavy metals 

in Cape Town harbour sediment are presented in Table 6. 

Strong correlation coefficients (r > 0.7) were calculated 

between Al and Si, Fe, Zn; Si and Fe, Zn; and Fe and Zn, and 

this indicates a strong association between the various metal 

pairs. Al, Si, Fe and Zn would, therefore seem most likely to 

be of natural origin. High correlation coefficients (r > 0.8) 

were also calculated for the Sn and Hg, Pb group, which 

indicates strong association and hence would most probably 

be of anthropogenic origin. These findings are in agreement 

with the results obtained from the PCA method. 

 

 
4. CONCLUSIONS 

 

Metal concentration levels in sediments from Cape Town 

harbour varied across locations. The results revealed the 

heavy metal pollution level of Cape Town harbour. Heavy 

metal contamination could be from industrial and domestic 

sources and other non-point sources such as storm water 

discharged from the storm water/stream that comes from 
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Table 6 Pearson correlation coefficient, N= 165 
 

 Al Si Fe Cu Zn Cd Sn Hg Pb 

Al 1.0000 0.9645 0.9751 0.9645 0.8693 0.4255 0.0053 0.1085 0.4352 

  <.0001 <.0001 <.0001 <.0001 <.0001 0.9462 0.1652 <.0001 

Si  1.00000 0.9364 0.3210 0.8027 0.4176 0.0015 0.0993 0.4103 

   <.0001 <.0001 <.0001 <.0001 0.9851 0.2046 <.0001 

Fe   1.0000 0.3315 0.8890 0.4029 0.0072 -0.1094 0.4242 

    <.0001 <.0001 <.0001 0.9269 0.1620 <.0001 

Cu    1.0000 0.3462 0.2875 0.0020 0.0519 0.1801 

     <.0001 0.0002 0.9793 0.5081 0.0206 

Zn     1.0000 0.4348 0.0216 -0.1055 0.4074 

      <.0001 0.7835 0.1776 <.0001 

Cd      1.0000 0.1005 0.0460 0.2894 

       0.1988 0.5573 <.0002 

Sn       1.0000 0.9182 0.8795 

        <.0001 <.0001 

Hg        1.0000 0.8010 

         <.0001 

Pb         1.00000 

 

residential and industrial areas in and around the harbour. The 

results also showed that while metals such as Pb and Cd were 

below the recommended sediment quality of guidelines of 

South Africa but above EPA, Cd, Cu, Zn and Hg exceeded the 

EPA guideline limit. Based on the findings of this study, there 

is the need to step-up the regular monitoring of these metals 

and other potential harmful pollutants within the marine 

ecosystem. Even more important, there is need for adequate 

control measures to be put in place to ensure compliance with 

national and international regulations on the protection of 

marine water systems. 
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