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ABSTRACT
The aim of this study was to assess Pb and Zn in coastal sediments along the North-West coast of
Mauritius –Albion and  Grand River North West (GRNW) in 2009 and 2010.  Zn and Pb were significantly
higher in the GRNW estuary though unleaded petrol was introduced since 2002. In fact, the potential
sources of Pb and Zn in the urban estuarine sediments at GRNW were considered to arise from road
runoff and galvanized road furniture causing significant quantities to be trapped in coastal  sediments
The mean concentration of Zn and Pb in the coastal sediments at Albion and  GRNW were however
still below the limits of 2500 and 700 mg kg-1 quoted for contaminated sediments adopted from the
draft standards (24% clay and 10% organic matter by weight) from Netherlands. The concentration of
Pb and Zn were also greatest in the more urbanised lower reaches of the Grand River Bay and Pb and
Zn remained significantly higher in the sediments in GRNW compared to lagoonal sediments in
Albion. Pb remained significantly positively correlated with Zn indicating that the cycling of Pb and
Zn were linked indicating a common source for Pb and Zn for sediments in GRNW Mauritius.
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INTRODUCTION
The sediment environment provides a long term
record of the effects of anthropogenic discharges,
such as industrial and domestic effluents and is
an area where impacts often occur before effects
are manifest in the water column. In contrast to
the strong temporal and spatial variability in the
aqueous concentrations of contaminants,
sediments integrate contaminant concentrations
over time and that by focusing on sediments the
number of samples needed in contamination
assessment can be reduced 1. The accumulation
of toxic and persistent substances in the coastal
environment continuously increases owing to
anthropogenic activities as the estuaries and their
adjacent coasts are the focus for many economic
activities2- 4. Large quantities of Pb and Zn, arising
from mining related waste trapped in sediments
within fluvial systems in the Trent and Ouse

draining the Pennine orefields, remained high
between source areas and the Humber estuary,
whereas Cr which is associated with
manufacturing industries had high levels near
source cities, but decreased rapidly down the river
systems because of dilution by other sediments5.
Heavy metal pollution in Jacarepagua basin, Rio
de Janeiro and found that Pb in sediments outside
areas of industrial releases and close to motorways
were high and originated from the combustion of
leaded petrol6.Storm events led to significant
changes in organic profile by resuspension/
deposition of cleaner background sediments and
removal of organic rich sediments which were
being washed downstream in a small urban river
in Goteborg and reported that interstitial water
during periods of dry and light rain combined with
storm resuspension played a key role in metal
diffusion and distribution in the river7.
Owing to increasing urbanisation and
industrialisation in the Eastern African area, river*Author for correspondence
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catchment areas are being subject to significant
conflicts in uses with development. The threat of
contamination of surface waters and surface
sediments in Mauritius and deterioration in water
quality by industrial wastes, in particular, metal
pollution is only recent as compared to
industrialized countries where problems of heavy
metals from industr ial wastes have been
ascendant since the 1960s8,9,10. The major areas
for environmental and public concern in Mauritius
are pollution of the surface water and underground
waters by industrial and domestic effluents,
untreated sewage, agricultural and storm-runoff.
Sources of input of trace metals (in particular, Pb
and Zn) in Mauritius in recent years include

industrial effluents, urban and road runoff, sewage
sludge, landfill leachates including scrap metal and
solid waste leachates. In this paper, three trace
metals (Zn and Pb) surface sediments along the
north west coast from Albion to GRNW were
assessed and any common linking in
biogeochemical cycles investigated during the wet
and dry months during the period 2008- 2010 using
atomic absorption spectrometry. The following
investigations were made:
 Are there any significant trace metal

deposition (Zn and Pb) along the northwest
coast ?

 Are there any significant correlations and a
common influential linking between Zn and
Pb in surface  coastal sediments ?

MATERIAL  AND  METHODS
Albion Study Site- Station A
The Belle Eau estuary is situated at the southern
end of the Albion Public Beach and is fed by the
Belle Eau River.  It is bordered by the Albion
Fisheries Research Centre on one side and on
the other by the main road and a small residential
community.  The mouth of the Belle Eau River is
about 18 m in width and the widest part of the
estuary is about 40 m.  The depth throughout the
estuary ranges between 0.2 m and 1.2 m.  The
estuary covers a total length of approximately 250
m. The water quality of the Belle Eau River is
being influenced by the inputs derived from land

Fig. 1 :  Sampling stations along the Western Coast of Mauritius. (Station 1- Albion, station 2- GRNW)

use and human activities in the surrounding region
from non-point sources.  These land uses include
agriculture, animal farming and residential
development.  Surface water canals, rivulets and
streams flow into the river after crossing sugar-
cane fields and land under crop cultivation.
Surface runoff from these areas carry animal
wastes, fertilizers, pesticides and silt into the river
and finally to the estuary (Fig. 1).
Grand River North West (GRNW) Study
Site- Station G
The GRNW which discharges south of Port Louis
has a catchment area of 116 km2 and is fed by
small southern tributaries from Upper Plaines
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Wilhems and Moka district. The GRNW estuary
receives waste water from St Louis River. The
latter indirectly receives wastewater from
domestic and urban  origins such as dye-houses,
battery manufacturers, galvanizing and
electroplating plants, paint manufacturers and
other chemical industries. River St Louis at its
mouth merges into GRNW and both discharges
their waters directly into the sea. The annual
average rainfall in the Port Louis area is 1160
mm. The daily maximum and minimum
temperatures are 33ÚC and 24ÚC in summer and
25ÚC and 19ÚC in winter. The soil pedology of
GRNW area consists of low land humic and red
Prairie soil.
Coastal surface sediments
Surface sediment and suspended particulate
matter were also collected at Albion and 5 stations
in the GRNW estuary. Zn, and Pb were
determined  in surface sediments using atomic
absorption spectrometry. The establishment of
stations were directed in a typical aquatic system
in Mauritius which could be used as an example
in a regional perspective. Sampling was done at a
sufficiently high sampling density to ensure data
integrity and also to maintain a sufficiently broad
spatial coverage to include relatively
uncontaminated areas for reference purposes1.
The potential for a significant degree of localised
distributional heterogeneity at each sampling
incidence was considered and replicate sampling
was done to obtain results within specified
confidence limits.
Sediment samples were air dried for 3 days and
oven dried at 70°C for 1 day. After drying, the
sediments were disaggregated and dry sieved
using a 63mm sieve. The dried sediment leaching
were made in triplicate. 0.5g of the fine fraction
was weighed into a teflon beaker cleaned with
nitric acid (65%) and deionised water. Analar nitric
acid (4mL, 65%, BDH Ltd, U.K) was added to
remove most organic matter in the sample
followed by 2mL hydrofluoric acid and the mixture
swirled until the vigorous action stopped. All
samples were digested in duplicate using a
Milestone microwave digestion system. The
samples were then left to cool and the contents
filtered into 25 mL plastic flasks and the volume
made up to the mark with deionised water. The
extracted solution was then analysed in terms of
total Zn and Pb respectively. A blank consisting

of only nitric acid (4mL, 65%) and hydrofluoric
acid (2mL) and digested in the same way as the
samples was also prepared.
Trace metal analysis in surface sediments
Zn and Pb were determined in the extracted
solution from surface sediments collected along
Albion and GRNW during the period 2008-2010
using a UNICAM 929 Atomic Absorption
Spectrometer (AAS) (Analytical Technology Inc.
1993). Standards used for calibration for trace
metal determination in sediments were prepared
from standard 1000 mg l-1 stock solution. The
working solutions (10 mg l-1) of each Zn and Pb
were prepared by diluting the stock solution in a
100 ml volumetric flask with deionised water.
Standards were then prepared in the range of 1.0-
4.0 mg l-1 for Zn and Pb. Flame AAS used for
trace metal analysis in surface sediments involved
the use of an air-acetylene flame for Pb and Zn
at a  wavelength of 217.0 and 213.9 nm
respectively. The sample of carrier gas flow rate
was maintained between 200-500 ml min-1.

Quality control
Values for contaminated sediments adopted from
the draft standards (24% clay and 10% organic
matter by weight) from Netherlands  and values
for SPM in the Cauvery Basin, India and the
Humber estuary 10-14  are shown in Table 1 as
no international standards for sediment quality yet
exist. The accuracy and precision of the method
was evaluated using three replicate determination
of NIST SRM 1646a for estuarine sediments
which yielded 40.5 ± 1.2 mg kg-1 (Zn); 8.7 ± 1.3
mg kg-1 (Pb) compared to certified values of 48.9
± 1.6 mg kg-1 (Zn) and 11.7 ± 1.2 mg kg-1 (Pb)
respectively (mean and standard deviation) as
determined using ICP MS by NIST with %
recovery as 82.8% and 74.4% for Zn and Pb
respectively. The main causes of losses were
during the digestion procedure and also included
random and systematic sources of uncertainty
during analysis using the atomic absorption
spectrometer. Necessary corrections were made
accordingly.  The detection limits were 2.2 and
1.2 mg kg-1 for Zn and Pb respectively as shown
in Table 2. (The limits of detection were taken
as 3s of three replicates of the procedural blank
digested filter paper (3x standard deviation about
the mean).
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Table 1 : Draft standards for contaminated sediments, SPM and trace metal
concentration in sediments in rivers and estuaries

 Target11  

mg kg-1 
Standard11 

mg kg-1 
Limit11  

mg kg-1 
River 

 
Estuary 

Zinc(Zn) 180 750 2500 75-12645 

15-23012 
62-4706 

Lead(Pb) 50 125 700 22-4845 

5-605 
12-646 

 
 Table  2 : Detection limits for the trace metals and  recovery of SRM 1646a estuarine

sediment  using AAS

Trace metal Detection limit 
mg kg-1 

SRM 1646a 
certified mg kg-1 

SRM 1646a 
analysed mg kg-1 

% Recovery 

Zinc (Zn) 2.2 48.9  1.6 40.5   2 .2 82.8 

Lead (Pb) 1.2 11.7  1.2 8.7   1.6 74.4 

 
RESULTS  AND  DISCUSSION

Trace metals in coastal surface sediments
The linearity for the calibration lines for Zn and
Pb showed correlation coefficient ranging from
0.95-0.99. Pb and Zn in sediments along exceeded
the target values of 50 and 180 mg kg -1

respectively at GRNW as shown in Table 3 to
Table 5 11. For comparison purposes, the values
of Pb in the sediments in GRNW were also below
those in Holy Loch sediments in Scotland with
high Pb (33-996 mg kg-1)15.
The concentration of Zn and Pb in surface
sediments along GRNW in summer and winter
are shown in Fig. 2 and Fig. 3. Zn and Pb in

the sediments in the GRNW estuary were
significantly positively correlated at 5%
significance level (r2 =0.95, n=5) as shown in
Fig. 4. This shows that the cycling of lead and
zinc are linked at the GRNW estuary with a
common urban run–off of urban origin from
GRNW as  urbanization (residential areas) and
geological circumstances have thus produced
significant changes in the sediments of the GRNW
estuary16.  The cycling of lead and zinc was
similarly for sediments in a tidal estuary in Britanny,
France17.  However, Zn and Pb in the sediments
in the river in Albion were not correlated and
significantly lower than GRNW estuary as shown
in Fig. 5.

Table 3 :  Mean and Standard Deviation of Pb  (mg/kg) during winter 2009 and summer
2010 along GRNW estuary

Station Winter 2009 Summer 2010 Mean  
1 281.9 ± 59.0 187.2 ± 56.9 218.8 ± 70.9 

2 5.9 ± 0.9 61.6 ± 1.3 39.3 ± 30.5 
3 19.1 ± 4.6 29.3 ± 29.6 25.2 ±21.8 

4 8.9 ± 3.3 47.6 ± 37.8  34.7 ± 35.5 
5 3.3 ± 0.9 4.0 ± 0.1 3.7 ± 0.6 
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Table 4  : Mean and standard deviation of Zn (mg/kg) during winter 2009 and
summer 2010 along GRNW estuary

 

Station Winter 2009 Summer 2009 Mean 

1 325.9 ± 9.8 357.3 ± 89.2 346.8 ± 71.1 

2 246.8 ± 0.6 352.2 ± 88.7 317.1 ± 87.7 

3 243.7 ± 9.5 303.0 ± 71.4 283.3 ± 63.4 

4 244.7 ± 20.1 381.1 ± 69.6 335.7 ± 89.2 

5 52.3 ± 30.2 91.9 ± 46.7 78.7 ± 43.7 

Table 5 : Mean concentration of Pb and Zn (mg/kg) at GRNW estuary in 2009
compared to  2010

   

Trace Metals 2009 2010 

Mean lead (mg/kg) 81.2 218.8 

Mean zinc (mg/kg) 171.6 346.8 

 

Fig. 2 : Variation of mean Pb concentration (mg/kg) during winter 2009 and summer 2010 along
GRNW  estuary
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Fig. 3 : Variation of mean Zn  concentration (mg/kg) during winter 2009 and summer 2010
along GRNW estuary

Fig. 4 :  Correlations between amount of Pb and Zn at GRNW during the period
September 2008 - January 2009
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Fig.  5 : Correlations between amount of  Pb and Zn at Albion during the period
September 2008 - January 2009

CONCLUSION
The contamination of GRNW estuarine sediments
by Pb and Zn was significant and considered to
arise from road furniture and the use of leaded
petrol and lubricating oils containing zinc additives
and potentially constitute a health hazard. Despite
the use of unleaded petrol on the island since 2002,
vehicular emissions still remain a major source of
Pb in sediment samples near the M1 motorway
with a daily traffic density of about 25 000 vehicles
adjacent to the GRNW catchment area.
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