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Abstract

Tracemetal (Cu, Zn, Pb, Mn, Fe and Cd) levelswere determined in water and sediment from the Sakumo Il and
Muni lagoons and the Mamahumaand GbaghblaAnkonu feeder streams, which feed the Sakumo |1 lagoon over
a 1-year period, and their occurrences compared. Some physical parameters (temperature, pH and electrical
conductivity) were also investigated. The aim of the study was to establish the pollution status of the two
lagoons, aswell asinvestigate whether the feeder streams of the Sakumo 11 lagoon have any influence (in terms
of trace metal pollution) on the Sakumo Il lagoon. Results showed that upper mean values in water and
sediment were Zn ( 0.160 + 0.01 mg/l, 48.7 + 0.93 mg/kg), Pb (0.057 £ 0.03 mg/l, 29.2 + 3.2 mg/kg), Mn (0.798
+0.07 mg/l, 668.2 + 6.3 mg/kg), Cu (0.158 + 0.01 mg/l), Fe(1.32+ 0.73mg/l, 3075+ 14.7 mg/kg), respectively,
for Sakumo |1 lagoon. Cd levelsin water and sediment ranged from 0.004 + 0.001 to 0.009 + 0.001 mg/l and <
0.0021t0 0.88 + 0.05 mg/kg respectively, in the Sakumo |1 lagoon. Compared to the maximum contaminant level
(MCL) of 0.005 mg/l, the Cd levelsin water from the Sakumo Il lagoon may be detrimental to the ‘health’ of
the aquatic ecosystem and, consequently, consumers of fish products from the Sakumo Il lagoon. Water and
sediment in the Muni lagoon had trace metal concentrationswith upper mean values as Cd (< 0.002 mg/l, 0.325
+0.01 mg/kg), Pb (0.033+ 0.01 mg/l, 1.46 + 0.18 mg/kg), Mn (0.434 + 0.02 mg/l, 63.8 £ 1.50 mg/kg), Zn (0.077
+ 0.001 mg/l, 13.7 + 0.18 mg/kg), Cu (0.013 + 0.001 mg/l) and Fe (1.085 + 0.26 mg/l, 3198.4 + 3.51 mg/kg),
respectively. Generally, trace metal levels detected in sediment from the Mamahuma( Zn: 10.4 + 4.10 mg/kg,
Pb: 10.6 + 1.84 mg/kg, Mn: 63.7 £ 4.5 mg/kg, Fe: 7487 + 23.5 mg/kg, Cd: < 0.002), and from the Gbagbla
Ankonu ( Zn: 155 + 13.9 mg/kg, Pb: 37.4 + 3.07 mg/kg, Mn: 298.2 + 2.5 mg/kg, Fe: 3209 + 50.5 mg/kg, Cd: 0.70
+ 0.05 mgrkg) feeder streams were relatively higher than those in the Sakumo |1 lagoon. Sediment from the
feeder streams, therefore, provided a deeper insight into the long- term pollution state of the feeder streams
and, consequently, the Sakumo |1 lagoon. The streams could, thus, be described as potential sources of trace
metal pollution to the Sakumo Il lagoon. Trace metal levels were also found to be more concentrated in
sediment from the mid-section of the Muni lagoon than those from the northern and southern sections, while
the northern section had more trace metal concentrations in water than those from the mid- and southern
sections. The study also showed that trace metal levels detected in both water and sediment from the Sakumo
Il lagoon were higher relative to those from the Muni lagoon. The Sakumo |1 lagoon could be described as
relatively more polluted with trace metal load.

Introduction
The presence of toxic metals such as lead

of no benefit to humans (Borgman, 1983).
Their presence in aquatic ecosystems,

(Pb) and cadmium (Cd) in environmental
matrices is one of the major concerns of
pollution control and environmental agencies
in most parts of the world. This is mainly
dueto the health implications of thesetoxic
metals since they are non-essential metals

mainly dueto anthropogenic influences has
far-reaching implicationsdirectly to thebiota
and indirectly to man. Trace metals have
been referred to ascommon pollutants, which
are widely distributed in the environment
with sources mainly from the weathering of
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mineralsand soils(Merian, 1991). However,
thelevel of these metalsin the environment
has increased tremendously during the past
decades as a result of human inputs and
activities (Prater, 1975; Merian, 1991).

The Sakumo |1 and Muni lagoon Ramsar
sites are both havens for migratory birds.
They are, however, located in two distinct
areas. The Sakumo 1l lagoon is located in
an urban area and receives large volumes
of untreated waste discharges from
domestic, agricultural and industrial
activities. The Muni lagoon, on the other
hand, islocated in arura area (arelatively
less populated area) and, therefore, receives
less waste discharges. Fish farming is a
dominant economic activity in both
catchments. Obviously, the chemical status
of thewatersand sedimentsin theselagoons
would have their influence on aquatic
species, which might possibly reflect onthe
fish products.

The pH of a water body influences the
concentration of many metals by altering
their availability and toxicity. Metals such
as zinc (Zn) and cadmium (Cd) are most
likely to have increased detrimental
environmental effectsasaresult of lowered
pH (DWAF, 1996b). Temperaturesat which
environmental samplesare collected and at
which physico-chemical measurementsare
made are important for data correlation and
interpretation. For instance, for domestic use,
high temperatures may increase thetoxicity
of many substances such as trace metalsin
water. In addition to microbial activities
within an aquatic medium, temperature and
pH are two important factors that govern
the methylation of elements such as lead
(Pb) and mercury (Hg) (Van Loon, 1982).
Electrical conductivity (EC) is a useful

indicator of mineralization in awater body
which correlates with the total dissolved
solids (TDS) in the water body.

Trace metals have been determined in
potablewater (Garciaet al., 1999) and fresh
and marine waters (Hall et al., 2002).
Although water iscommonly employed asa
pollutionindicator by trace metal's, sediment
can also provide a deeper insight into the
long-term pollution state of the water body.
Sediment has been described asaready sink
or reservoir of pollutants including trace
metals, where they concentrate according
tothelevel of pollution (Onyari et al., 2003).
The need to assess the state and quality of
water and sediment from the Sakumo |1 and
Muni lagoons, as well as the Mamahuma
and Gbhagbla Ankonu streams that feed the
Sakumo Il lagoon, in terms of their trace
metal loads, becomesimperative dueto the
health implications that cut across the food
strata, since these lagoons serve as sources
of fish not only to people living in both
catchmentsbut also commercially available
to thelarger community.

Previous studies on pollution of coastal
lagoonsin Ghanacovered physico-chemical
characteristics (Biney, 1986), limnology
(Biney, 1995) and monitoring the pollution
status of coastal lagoons (Biney et al.,
1998). These studies, however, did not cover
all trace metals with detrimental effects on
human health.

The paper seeks to identify and
characterize the levels of trace metals (Fe,
Cu, Mn, Pb, Cd and Zn) in water and
sediment from the Muni and Sakumo 11
lagoons, as well as the Mamahuma and
GbagblaAnkonu feeder streamswhich feed
the Sakumo Il lagoon, in order to establish
the trace metal loads and, subsequently,
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determine whether the Mamahuma and
Gbagbla Ankonu feeder streams are
potential sources of trace metal pollutionto
the Sakumo |1 lagoon.

Materials and methods

Sudy areas

The Sakumo Il lagoon occupies an area of
3.5 km? and lies between latitude 5° 36' N
and 5°41'N and longitude 0°01' W and 0°
04'W, about 3 km west of Tema (Fig. 1).
The lagoon was a typical closed lagoon
(Kwei, 1974) until pipeswerelaid under the
sand bar to enable the construction of the
Accra-Tema (Beach) road. The lagoon is
now permanently kept open to the sea by
two parallel culvertseach 70mlongand 1.4
m in diameter; thus, representing atransitory
stage between aclosed and an open lagoon.

There are two rainy seasons, a major
season which starts in March and peaksin
mid-July and a minor season which begins
in mid-August and ends in October. The
mean annual rainfall is about 753 mm.
Relative humidity varies an average of 65%
in mid afternoon to 95% at night. Mean
monthly temperatures range from a
minimum of 24.7 °CinAugust to amaximum
of 28.1 °C in March. The lagoon and its
surrounding wetlands have been designated
as one of the five Ramsar sites in Ghana,
where important migratory birds may be
found. Seventy species of water birds have
been recorded at the site with estimated
maximum numbers of some 30,000 birds
(BirdlifeInternational, 2003).

Two main streams, the Mamahuma and
the GbagblaAnkonu, feed the lagoon. Both
streams have been dammed to provide
water for crop and livestock farming but have
become polluted due to industrial and
domestic activities. The sampling point on

the Mamahuma feeder stream (FDS1) is
about 10 m away from the Ashaiman-
Nungua main road, and the portion around
the sampling point was used by some
commercial driversasawashing bay during
the entire sampling period. The land area
(about 10 m?) away from this sampling point
houses a refuse dump, while the sampling
point on the GbagblaAnkonu feeder stream
(FDS2) isabout 15 maway fromtheAccra-
TemaMotorway. It was observed during the
entiresampling period that the sampling point
(FDS2) and its surrounding areas had
become chocked with refuse and the entire
stream became almost stagnant. The
Sakumo |1 lagoon and the feeder streams
aredownstream of themajor industries (e.g.
CocaColaBottling, Printex and Kasapreko
Company Ltd) in the catchments aswell as
residential areas.

The Muni lagoon covers an area of 4.5
km?, located 1 km west of Winneba and 67
km from Accra, and lies between | atitude 5°
19'N and 5°21' N and longitude 0°38 W and
0°40'W (Fig. 2). The lagoon is shallow, of
average depth 0.6 m, and closed to the sea
for most parts of the sampling period. It is
fed by two rivers, Muni and Pratu. The
lagoon adjoins the Yenku Forest Reserve,
which, together with the adjacent forest,
form thetraditional hunting groundsfor the
people of the area. Marine and lagoon
fishing, livestock rearing, residentia facilities,
forest reserve, fuel wood harvesting, farming
and hunting arethe major land-use activities
along the Muni lagoon (Biney et al., 1995).
Salt winning activity was on-going at the
northern section of the lagoon (Fig. 2).

Samples and sampling stations
Sampling stations for water and
sediments from the Sakumo Il and Muni
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Fig. 1. Map showing the Sakumo Il Lagoon, the Feeder Streams and the sampling points
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Fig. 2. Map showing the Muni lagoon and the sampling points

lagoons are presented in Fig. 1 and 2,
respectively. Water and sediment samples
were collected from the lagoons between
November 2003 and October 2004. Five
sites were selected from the Sakumo |1
lagoon; three from parts of the lagoon
marked SS, MSand NS (Fig. 1) referred to
as South-Sakumo, Mid-Sakumo and North-
Sakumo, respectively, one from the
Onukpawahe stream, a tributary of the
Mamahuma, and one from GbagblaAnkonu
marked FDS1 and FDS 2 (Fig. 1), referred
to as feeder stream 1 and feeder stream 2,
respectively. Three siteswere selected from
the Muni lagoon, marked SM, MM and NM

referred to as South-Muni, Mid-Muni and
North-Muni respectively (Fig. 2).The
sampling stations on the lagoons and the
feeder streams were selected on the basis
of the different activitiesin the catchments,
which are likely to affect the quality of the
lagoon waters.

Sample containers were thoroughly
washed with detergent, rinsed with water
followed by distilled water before soaking
in 5% HNO, for about 24 h. Sampling
protocols, described by Claasen (1982) and
Barcelona et al. (1985), were strictly
adhered to during sample collection.
Samples were collected in 4-litre acid-
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washed polypropylene containers below (10
cm) the surface of the lagoon. Water
samples were kept on ice in an ice-chest
and transported to the Council for Scientific
and Industrial Research-Water Research
Institute (CSIR-WRI) |aboratory and stored
at < 4 °C until analyzed (normally within 1
week). Water samples for dissolved metal
determination werefiltered through 0.45 um
pore size on acetate cellulose filters and
acidified to 1% acid with 65% analytical
grade HNO,. Sediment samples were
collected with an Eckman grab sampler, kept
frozen at -19 °C in polyethylene bags until
analyzed (normally within 1 week). The
sediment sampleswere put on watch glasses
and placed in an oven at 60 °C until dry. The
dried sediments were homogenized and
passed through asieve of pore size 0.5 mm.

Dry sediment of grain size< 0.5 mmwas
weighed (0.2 g) into a 60 ml Teflon vessel
and digested under pressure with 2 mi
concentrated nitric acid (HNO,) by slow
heating to 110°C for 1 h, followed by rapid
heating to 150 °C for 7 h. The sampleswere
then allowed to cool to room temperature.
Digested samples were transferred into
polypropylene graduated tubes and made up
to 25 ml with double-distilled water for
analysis (Canadian National Laboratory for
Environmental Testing, 1994). Treatment and
analysisof samplestook placewithin 1 week
of collection. Trace metal concentrationsin
water and sediment were determined by
flame atomization (UNEP, 1984b) using
UNICAM 969 flame atomic absorption
spectrometer.

Physical parameters

pH, temperature and electrical
conductivity of the water samples were
measured in situ using WTW-Multiline P4

universal meter before preserving with 5 ml
concentrated HNO.,,

Satistical analysis

Analysisof variance (ANOVA) was used
to compare means of trace metal
concentrations in water and sediment from
the lagoons and feeder streams. Com-
parisons of trace metal concentrations in
water and sediment were done between the
Sakumo 11 lagoon and the feeder streams,
and Sakumo |l and Muni lagoons to
determine whether the differences in trace
metal concentrations were significant or
otherwise.

Results and discussion

The mean values of trace metals in water
(mg/l £ SD) from Sakumo Il lagoon and
some physical parameters, and mean values
of sediment (mg/kg + SD) from Sakumo 1|
lagoon are presented in Tables 1 and 2,
respectively, whilst the mean values of trace
metals in water (mg/I £ SD) from Muni
lagoon, and some physical parameters and
mean values of trace metals in sediment
(mg/kg = SD) from Muni lagoon are
presented in Tables 3 and 4, respectively.
Tables 5 and 6 present the statistical
comparison between the mean concentra-
tions of trace metalsin water and sediment
for Sakumo Il and Muni lagoons, and the
feeder streams.

Thedetection limitsfor trace metalsusing
flame photometry atomic absorption
spectrophotometer (FAAS) were Fe, 0.01;
Mn, 0.005; Pb, 0.005; Cd, 0.002; Cu, 0.002
and Zn, 0.005 for water and Fe, 2.8 ug/g);
Mn, 33.5 pg/g; Pb, 0.55 ug/g; Cd, 0.25 pg/g
and Zn, 4.5 pg/g; for sediment. Limits of
detection of the analyzed metals were
determined as three times the standard
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TaABLE 5
Comparison between the mean concentrations of trace metalsin water (mg/l) for Sakumo Il and Muni
lagoons and the feeder streams.

Comparison of lagoons and Cu Zn Pb Mn Fe Cd

feeder streams

FDS1 Sakumol I ns ns ns P<0.01 ns P < 0.05
FDS2 Sakumol Il ns ns P < 0.001* ns ns ns
Sakumo I Muni ns ns ns Pf<f0.01 ns P < 0.001*

ns = not significant (P< 0.001), * = highly significant

TABLE 6
Comparison between the mean concentrations of trace metals in sediment (mg/kg) for Sakumo 11 and Muni
lagoons and the feeder streams

Comparison of lagoons and Zn Pb Mn Fe Cd
feeder streams

FDS1 Sakumo Il ns ns P < 0.05* ns ns
FDS2 Sakumol Il P < 0.001* P <0.001 ns ns ns
Sakumol | Muni P< 0.001* ns P<0.01 ns ns

ns = not significant (P < 0.001), * = highly significant

deviation (3A) of their lowest detectable
concentrations by FAAS from the mean of
six replicate analyses. Good linearity was
obtained from the calibration curves
prepared from 1000 mg/l of each metal
standard from BDH laboratory, England.

Physical parameters

Mean water pH of Sakumo Il lagoon
ranged from 7.47 to 8.61 (Tables 1 and 2),
while those from the Muni lagoon ranged
from 8.17 to 8.28 (Tables 2 and 3). Thisis
anindication that, whilethe Sekumo 11 lagoon
is neutral to basic in character, the Muni
lagoon is basic in character. The mean
conductivity values varied from 1684 to
18102 pS/cmand 38333 to 42367 uS/cmfor

Sakumo |1 and Muni lagoons, respectively.
Thisisareflection of the higher salinity of
the waters of the Muni lagoon than the
Sakumo |l lagoon. The mean water
temperatures varied from 29.0 to 29.8 °C
and 27.8t0 28.1 °C for Sakumo || and Muni
lagoons, respectively. This is typical of
shallow coastal waters in Ghana, where
ambient temperatures remain within a
narrow range of 25-35 °C (Biney, 1990).
Cadmium. Cadmium (Cd) is one of the
most toxic elements with widespread
carcinogenic effectsin humans (Goering et
al., 1994) and is widely distributed in the
aquatic environment. The mean Cd
concentrations in water from Sakumo 11
lagoon varied from 0.004 £ 0.000t0 0.009 +
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0.001mg/l, and washighest at the mid-section
and lowest (similar concentration) at both
the northern and southern sections (Fig. 3).
The high Cd value recorded at the mid-
section of the Sakumo Il lagoon could be
duetoindustrial and domestic effluentsand
urban storm-water runoff containing Cd-
laden materials. Mean Cd concentrationsin
water from feeder streams 1 and 2 varied
from < 0.002 to 0.006 + 0.001 mg/l, with
feeder stream 2 recording the highest Cd
level (Fig. 3), suggestive of the relatively
higher weathering of minerals and soils,
discharge of domestic effluents and urban
storm-water runoff containing Cd-laden
materials in feeder stream 2. In the waters
of Muni lagoon, mean Cd concentrations
wereal below detection limit ( Fig. 4, Table
3), indicative of the absence of industridiza-
tion and urbanization, which are associated
withthedischargeof industrial and domestic
effluents and urban storm-water runoff
containing Cd-laden materials.

The mean Cd concentrationsin sediment
from Sakumo |1 lagoon varied from < 0.002

2.
18
16
14
12

11
0.8
0.6
0.4

Concentration (mgl)

t00.88 + 0.05 mg/kg, highest at the southern
section and lowest at the mid-section (Fig.
5). Resultsfrom the study conformsto earlier
findings that sediments can be described as
a ready sink or reservoir of pollutants
including trace metals where they
accumulate according tothelevel of pollution
(Onyari et al., 2003), since Cd concentration
in sediment from the southern section of the
Sakumo |1 lagoon wasthreetimesthat from
the northern section, even though the
southern section recorded the least Cd
concentration in the waters of the Sakumo
Il lagoon (Fig. 3). Inthe case of the feeder
streams 1 and 2, mean Cd concentrationsin
sediment varied from < 0.002t0 0.70 + 0.05
mg/kg, with feeder stream 2 recording the
highest Cd value (Fig. 5). Thiscould bedue
to weathering of minerals and soils,
discharge of industrial and domestic
effluents and urban storm-water runoff
containing Cd-laden materials in feeder
stream 2.

In sedimentsfrom Muni lagoon, mean Cd
concentrations varied from < 0.002 to 0.325

B Qu
BZn
OPb
BMn
BFe
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2
G}@‘)

N
&
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Fig. 3. Mean values of trace metalsin water from Sakumo I lagoon and the feeder streams
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+ 0.01 mg/kg, with the northern section
recording the highest Cd value (Fig. 6). The
high Cd value in this section of the Muni
lagoon could be attributed to the result of
weathering of minerals and soils due to the
salt winning activity in the vicinity. The
differences in Cd detected in water from
FDS1 and Sakumo Il lagoon wassignificantly
high (P < 0.05), whilst the differencein Cd
valuesfor FDS2 and Sakumo Il lagoon was
not significant (Table 5). This suggeststhat
the Sakumo 11 lagoon could be serving asa
ready sink for Cd pollution. Cd levels
detected in both water (significantly higher
at P < 0.001) and sediment (difference not
significant) from the Sakumo Il lagoon were
relatively higher than those detected in the
Muni lagoon. This may be due to the
contribution from industrial and domestic
waste water runoffs and urban storm-water
runoff. The mean Cd level detected inwater
from the middle-section of Sakumo |1 lagoon
(0.009 £ 0.001mg/l) and feeder stream 2
(0.006 = 0.001 mg/l) were higher than the

maxi mum contaminant level (MCL ) of 0.005
mg/l (USEPA, 1986a) above which there
may be detrimental effects to the *health’
of the agquatic ecosystem and, consequently,
consumers of fish products from the
Sakumo |1 1agoon.

Possible Cd effects in human include
accumulation mainly inthekidney andliver.
High concentrations have been found to lead
to chronic kidney dysfunction, inducing cell
injury and death by interfering with calcium
(Ca) regulationin biological systems, toxicity
to fish and other aquatic organisms
(Woodworth & Pascoe, 1982), and its
involvement in endocrinedisrupting activities,
which could pose serious health problems.
However, concentrations of cadmium in
water areonly likely to be of health concern
in environments where pH is less than 4.5
(WHO, 2004).

Themean Cd levelsdetected in sediment
from feeder stream 2, (0.70 mg/kg), the
northern (0.3 mg/kg) and southern (0.88 mg/
kg) sections of the Sakumo |1 lagoon (Table

Snplinggation

6. Mean values of trace metals in sediment from the Muni lagoon
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2) and from the northern section (0.225 mg/
kg) of the Muni lagoon (Table 4) were higher
than the guideline value (0.11 mg/kg) of
unpolluted marine sediments (GESAMP,
1982; Salomons & Froster, 1984; IAEA,
1989).

Zinc. Znisoneof the earliest known trace
metal and acommon environmental pollutant,
which is widely distributed in the aguatic
environment. It has been found to have low
toxicity effect in man. However, prolonged
consumption of large doses can result in
some health complications such as fatigue,
dizziness and neutropenia(Hess & Schmidit,
2002). Studieshave a so shown that Zn could
be toxic to some aquatic organisms such as
fish (Alabaster & Lloyd, 1980). Inthewaters
of the Sakumo Il lagoon, mean Zn
concentrationsvaried from 0.077 + 0.007 to
0.160 £ 0.01 mg/l, with the mid-section
recording the highest Zn value (Fig. 3). This
could be attributed to natural sources,
resulting from the weathering of minerals
and soils (Merian, 1991) and atmospheric
deposition fromrefineries. Infeeder streams
1and 2, mean Zn concentrationsvaried from
0.099 £ 0.011 to 0.113 + 0.013 mg/l, with
feeder stream 1 recording the highest Zn
value (Fig. 3). Therelatively high Zn level
in feeder stream 1 is suggestive of the
influence of refuse dump and domestic
sewage sources. It could also be attributed
toindustrial effluents (Asami, 1974).

Results aso showed that the waters of
Sakumo |1 lagoon recorded higher Zn values
than the feeder streams (differences not
significant) (Table5). The Sakumo I lagoon
may be acting as a ready sink which is
receiving metal loadsincluding Znfromthe
feeder streams. The waters of the Muni
lagoon recorded mean Zn concentrations

varying from0.024 + 0.004t00.077 £ 0.010
mg/l, with the northern section recording the
highest Zn value (Fig. 4), This could be
attributed to the weathering of mineralsand
soilsasaresult of the salt winning activity
in this section of the lagoon. In the case of
sediments, the mean Zn concentrationsfrom
the Sakumo Il lagoon varied from 16.3 £
2.6t048.7 £ 0.93 mg/kg, with themid-section
recording the highest Zn value (Fig. 5),
suggestive of high domestic and industrial
sewage discharge.

In sediment from the feeder streams the
mean Zn concentrationsvaried from 10.4 +
4.10 to 155.2 £ 13.9 mg/kg, with feeder
stream 2 recording the highest Znvalue (Fig.
5). The high Zn value recorded in sediment
from feeder stream 2 might be due to the
weathering of minerals and soils and
domestic effluents, since feeder stream 2
receives domestic effluentsfrom Ashaiman
and itsenvirons, whichisdensely popul ated.
Results also showed that sediment from
FDS1 had Zn values which were not
significantly higher than those from the
Sakumo |1 lagoon, whilst sediment from
FDS2 had higher Znlevels (highly significant
at P < 0.001) relative to those from the
Sakumo |1 lagoon (Table 6). Possible sources
of Zn in sediment from the feeder streams
include industrial effluents, urban storm-
water runoff and domestic effluents.

Mean Zn concentrationsin sediment from
the Muni lagoon varied from 4.33+ 0.18to
13.7 + 0.18 mg/kg, with the mid-section
recording the highest Zn value (Fig. 6). A
probable reason for the high Zn value in
sediment from the mid-section of the Muni
lagoon may be increased weathering of
minerals and soils. The study showed that
levels of Zn detected in both water
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(differences not significant) (Table 5) and
sediment (differenceshighly significant at P
<0.001) (Table6) fromthe Sakumo 11 lagoon
were relatively higher than those detected
inthe Muni lagoon. Thissuggeststheintense
anthropogenicinfluenceduetoindustrializa-
tion and urbani zation within the catchments
of the Sakumo Il lagoon as against the
absence of industries and low population
(rural setting) in the Muni lagoon catch-
ments. Results from the study showed that
sediments from both lagoons were within
the recommended value (95 mg/kg) of
unpolluted sediments (Salomons & Foster,
1984), except those from feeder stream 2
(155.2 mg/kg).

Copper. Copper (Cu) isintimately related
to the aerobic degradation of organic matter
(Das & Notling, 1993) and has been shown
to cause acute gastrointestinal discomfort
and nausea at concentrations above 3 mg/l
(WHO, 2004). In the waters of Sakumo Il
lagoon, mean Cu concentrationsvaried from
0.112 + 0.009 to 0.158 + 0.012 mg/I, with
the mid-section recording the highest Cu
level (Fig. 3). The high Cu levels in this
section of the Sakumo Il lagoon could be
attributed to the presence of relatively high
oxygen and organic matter, thereby,
enhancing the process of aerobic degrada-
tion of organic matter which, invariably, is
intimately related to the deposition of Cu
(Das & Notling, 1993). The waters of
feeder streams 1 and 2 recorded mean Cu
concentrations varying from 0.099 + 0.010
t0 0.268 + 0.006 mg/I, with feeder stream 1
recording the highest Cuvaue (Fig. 3). This
suggests that the waters of feeder stream 1
may berelatively more oxygenated and may
contain more organic matter than feeder
stream 2, thus, enhancing aerobic

degradation of organic matter and, thereby,
depositing Cuinthewaters(Das& Notling,
1993) of feeder stream 1.

In the case of the Muni lagoon, mean Cu
concentrationsin water varied from < 0.002
to 0.013 £ 0.001 mg/l. The highest Cu
concentration recorded in the waters of the
Muni lagoon was recorded in the northern
section (Fig. 4). Results showed that levels
of Cu detected in water from feeder streams
1 and 2 (differences not significant) were
relatively higher than thosefrom the Sakumo
Il lagoon (Fig. 3), suggesting that the feeder
streams may berelatively more oxygenated
and may contain relatively more organic
matter. The feeder streams are, therefore,
potential sourcesof Cu contaminationtothe
Sakumo Il lagoon. Cu levelsin water from
the Sakumo I lagoon wererelatively higher
(differences not significant) (Table 5) than
those detected in the Muni lagoon. Thisis
an indication of intense industrial and
domestic influence as a result of
industrialization (the presence of
manufacturing industries such as Printex,
Coca Cola Bottling, Kasapreko Company
Ltd, etc.) and urbanization (residential
facilities) in the Sakumo Il lagoon catchments
resulting in production of high organic matter
which could possibly enhance the process
of aerobic degradation (in the presence of
oxygen) of organic matter (Das & Notling,
1993).

Lead. The United States Environmental
Protection Agency has classified lead (Pb)
as being potentially hazardous and toxic to
most forms of life (USEPA, 1986a). Pb has
been found to be responsible for quite a
number of ailments in humans, such as
chronic neurological disordersespecialy in
foetuses and children. A concentration of
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Pb > 0.1 mg/l isdetrimental to foetuses and
children with possible development of
neurological problems.

In the Sakumo |l lagoon, mean Pb
concentrations detected in water varied from
< 0.005 to 0.057 + 0.003 mg/l, with the
southern section recording the highest Pb
value (Fig. 3). The waters of the feeder
streams recorded mean Pb concentrations
varying from 0.020 + 0.00 to 0.037+ 0.00
mg/l, with feeder stream 2 recording the
highest Pb value (Fig. 3). A probable source
of Pb could be due to its persistence in the
environment and from used dry-cell batteries
resulting from the refuse dump around the
area. Results from this study showed that
the Sakumo Il lagoon waters (Fig. 3) had
higher Pb levels relative to the feeder
streams (differences in Pb levels between
Sakumo Il lagoon and FDS1 not significant,
whilst those between Sakumo |1 lagoon and
FDS2 were highly significant at P < 0.001).

The study a so showed that sediment from
the feeder streams had relatively high
(differences not significant between Sakumo
Il lagoon and FDS1, whilst that between
Sakumo Il lagoon and FDS2 was significant
at P <0.001) (Table6) Pb valuesthan those
from the Sakumo I lagoon. Since sediments
provide a deeper insight into the long-term
pollution state of a water body, the feeder
streams could be described as potential
sources of Pb pollution to the Sakumo 1
lagoon.

In the case of the Muni lagoon, thewaters
had mean Pb concentrations ranging from
< 0.005 to 0.033 + 0.001 mg/l with the
northern section recording the highest Pb
value (Fig. 4). High Pb valuesinthenorthern
section of the Muni lagoon may be due to
atmospheric deposition resulting from its

persistenceintheenvironment. Resultsfrom
the study showed that the waters of both
Sakumo |1 and Muni lagoons may not be
detrimental to foetuses and children with
possible development of neurological
problems since Pb levels in these waters
were < 0.1mg/l. In the case of sediments,
the Sakumo 1l lagoon had mean concen-
trations of Pb varying from 3.79 + 0.7 to
29.2 + 3.2 mg/kg, with the southern section
recording the highest Pbvalue (Fig. 5). The
feeder stream waters had mean Pb
concentrations varying from 10.6 £ 1.84 to
37.4 £ 3.07 mg/kg, with feeder stream 2
recording the highest Pb value (Fig. 5). This
confirms earlier suggestion that Pb
persistence in the environment might be
responsible for the high Pb levels in the
waters of feeder stream 2 since Pb levelsin
sediment from feeder stream 2 (Fig. 5) was
four times that in sediment from feeder
stream 1 as against the two times that in
their waters (Fig. 3). The high Pb levelsin
sediment from the feeder streams could be
the result of flocculation of the waters in
these streamsresulting in the sedimentation
of particulate Pb.

For sediment from the Muni lagoon, mean
concentrations of Pb varied from 0.556 *
0.02 to 1.46 £+ 0.18 mg/kg, with the mid-
section recording the highest Pb value (Fig.
6). The high levels of Pb in the mid-section
of the Muni lagoon relative to the northern
and southern sections could be due to
sewage effluent and runoff of waste since
this portion of the lagoon is close to human
settlements. Results from the study have
shown that thelevel s of Pb detected in water
and sediment from the Sakumo Il lagoon
were relatively higher (differences not
significant) than those from the Muni lagoon,
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suggestive of possible impact of discharge
of industrial and sewage effluents and
domestic wastewater into the Sakumo 11
lagoon.

Results also showed that Pb levels
detected in water (differences in values
between Sakumo Il and FDS1 not
significant, whilst those between Sakumol 1
and FDS2 were highly significant at P <
0.001) and sediment (differences in values
between Sakumo Il and FDS1 not
significant, whilst those between Sakumo 1|
and FDS2 weresignificant at P < 0.001) from
the feeder streams relative to those from
the Sakumo |1 lagoon were higher (Fig. 3
and 5). Thissuggeststhat the feeder streams
could be serving as potential sources of Pb
contamination to the Sakumo Il lagoon. The
study also showed that sediment from the
mid-section of Sakumo |1 lagoon (29.2 mg/
kg) and the feeder stream 2 (37.2 mg/kg)
(Fig. 5) were outside the recommended
vaues(19.00 mg/kg) of unpolluted sediments
(Salomons & Froster, 1984).

Manganese. Mn is an element of low
toxicity having considerable biological
significance and one of the more biogeo-
chemical and active transition metals in
aquatic environment (Evans et al., 1977).
Mn occursin surface watersthat arelow in
oxygen and often does so with Fe. Mn
accumulatesin certain species of fish (Uthe
& Blish, 1971). The health based guideline
vaueis0.4 mg/l (WHO, 2004).

Mean Mn concentrations in water from
the Sakumo |1 lagoon varied from 0.240 +
0.016 to 0.798 £ 0.073 mg/l, with the mid-
section recording the highest Mn value (Fig.
3). Inthewaters of the feeder streams, mean
Mn concentrationsvaried from 0.777 £ 0.05
t00.942 + 0.069 mg/I, with feeder stream 1
recording the highest Mn value (Fig. 3). A

probable source of airborne inorganic
manganese pollutant in urban centresisthe
combustion of methylcyclopentadienyl
manganesetricarbonyl (MMT), particularly
inareasof high traffic density (Sierraetal.,
1998). MMT is neutral in charge and
contains organic groups, which makes it
highly lipophilic and solublein petrol. During
vehicle combustion, weak bonds between
the central metals and the organic groups
readily break down in hot car engine
environment. Combustion of MMT leadsto
the emission of manganese phosphates,
manganese sulfate and manganese oxides
that include manganese tetroxide asaminor
component (Zayed, 2001; WHO, 2004). The
high Mnlevelsin the mid-section of Sakumo
Il lagoon and feeder stream 1 could,
therefore, bedueto MMT, an anti-knocking
agent present in petroleum products which
has Mn as an active component.

Mean Mn concentrations in water from
the Muni lagoon varied from 0.015 £ 0.004
to 0.434 £ 0.02 mg/l, with the northern
section recording the highest Mnvalue (Fig.
4). Mean Mn concentrations in sediment
fromthe Sakumo || lagoon varied from 153.1
+ 19.4t0 668.2 + 6.3 mg/kg, with the mid-
section recording the highest Mnvalue (Fig.
5). In the case of sediment from the feeder
streams, mean Mn concentrations varied
from 63.7 + 4.5t0298.21 + 2.5 mg/kg, with
feeder stream 2 recording the highest Mn
value (Fig. 5). Thissuggeststhat there could
be flocculation of the waters in Sakumo |1
lagoon and FDS2 resulting in the
sedimentation of particulate Mn, since Mn
levelsin sediment from feeder stream 2 was
five times that from feeder stream 1 (Table
2), whilgt, in contrast, Mnlevelsinthewaters
of feeder stream 1 (0.94 mg/l) was only
dlightly higher than feeder stream 2 (0.78
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mg/l) (Table 1). Sediment from the Muni
lagoon had mean Mn concentrationsvarying
from 33.5+ 0.74 t0 63.8 + 1.50 mg/kg., with
the mid-section recording the highest Mn
value (Fig. 6). This might be due to
floccul ation resulting in sedimentation of Mn
in this section of the Muni lagoon.

Results showed that the levels of Mn
detected in water from the feeder streams
relative to those from Sakumo |1 lagoon
were higher (differencesin values between
Sakumo Il and FDS1 wassignificant at P <
0.001, whilst those between Sakumo |1 and
FDS2 were not significant) (Table 5),
suggesting that the feeder streams could
serve as sources of Mn contamination to
the Sakumo |1 lagoon. However, sediment
from the Sakumo Il lagoon had higher Mn
levels relative to those from the feeder
stream (differences in values between
Sakumo |1 and FDS1 was highly significant
at P < 0.05, whilst those between Sakumo
Il and FDS2 were not significant) (Table
6). This confirms the ability of sediment to
serve as a ready sink or reservoir for
pollutantsincluding trace metals (Onyari et
al., 2003). The Muni lagoon had relatively
lower Mnvaluesfor both water (differences
in values significant at P < 0.01) (Table 5)
and sediment (differences in values
significant at P <0.01) (Table6). Thiscould
be attributed to therelatively lessimpact of
human activity in the catchmentsof the Muni
lagoon. Results (Tables 2 and 4) showed
that Mn levels in sediments from both
lagoons were within the recommended
values(777.0 mg/kg) of unpolluted sediments
(Salomons & Froster, 1984).

[ron. Iron (Fe) has frequently been used
as an indication of natural changes in the
trace metal carrying capacity of sediments
(Rule, 1986), and its concentration has been

related to the abundance of metal reactive
compounds supposedly not significantly
affected by man’saction (Luoma, 1990). Fe
isfound in natural fresh- and groundwater,
but have no health-based guideline value,
although high concentrations give rise to
consumer complaints due to its ability to
discolour aerobic waters at concentrations
above 0.3 mg/l (WHO, 2004). The mean Fe
concentrationsin water from the Sakumol 1
lagoon varied from 0.888 + 0.22 t0 1.82 +
0.63 mg/l, withthe northern section recording
highest Fe value (Fig. 3). In the waters of
the feeder streams, mean Fe concentrations
variedfrom 0.715+ 0.03to0 1.65+ 0.20 mg/
I, with feeding stream 2 recording the highest
Fevaue (Fig. 3). Thismay be dueto natural
occurrence, since the feeder streams are
freshwaters which are produced from
aquifers within which geochemical and
biochemical processes take place, thereby,
releasing Fe (WHO, 2004). The waters of
the Muni lagoon recorded mean Fe
concentrations varying from 0.307 + 0.021
to 1.085 + 0.260 mg/l (Table 3), with the
northern section recording the highest Fe
value (Fig. 4). Results (Tables 1 and 3)
showed that Fe values in water from the
Sakumo Il and the Muni lagoons, aswell as
the feeder streams, were all above the
maximum limits (0.3 mg/l) beyond which
there could be the discol ouration of aerobic
waters (WHO, 2004).

In the case of sediment, mean Fe
concentration detected from the Sakumo |1
lagoon varied from 2563.2 + 22.3t0 3074.6
+ 14.7 mg/kg (Table 2), with the northern
section recording the highest Fe value.
Probable sources of Fe in sediment from
the northern section of the Sakumo I lagoon
could be natural, as a result of natural
geochemical and biochemical processes
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with the aquifers. In the feeder streams,
mean Fe concentrations in sediment varied
from 3208.6 £ 50.5to 7486.9 £ 23.5 mg/kg
(Table 2), with feeder stream 2 recording
the highest Fe value. The high Fe level in
feeder stream 2 could be related to the
abundance of metal reactive compounds
supposedly not significantly affected by
man’s action (Luoma, 1990). In the case of
sediment, mean Fe concentrations in the
Muni lagoon varied from 2344.8 + 2.81 to
3198.4 = 3.51 mg/kg, with the mid-section
recording the highest Fe value (Table 4).

Thelevelsof Fein water (differencesin
values not significant) from the Sakumo 11
lagoon were higher than those from the Muni
lagoon (Table5). Thismay be dueto natural
sources as a result of the geochemical and
biochemical processesinthe aguiferswithin
the catchments. However, Fe levels in
sediment from the Muni lagoon were
relatively higher (differences in values not
significant) (Table 6) than those from the
Sakumo |1 lagoon. Thiscould be attributed
to natural occurrence. Felevelsin sediment
from the feeder streams were relatively
higher (differencesin values not significant)
(Table 6) than those from the Sakumo I
lagoon (Fig. 5), suggesting that the feeder
streams could be considered as potential
sources of Fe contamination to the Sakumo
Il lagoon. Results (Tables 2 and 4) showed
that Fe levels in sediments from both
lagoons were within the recommended
values (41000.00 mg/kg) of unpolluted
sediments (GESAMP, 1982; Salomons &
Froster, 1984).

Conclusion
The study showed that the mid-section of
the Sakumo |1 1agoon had higher trace metal
levels than the southern and northern

sections, indicative of theinfluenceof intense
anthropogenic activitiesin this section of the
Sakumo |1 lagoon. The Mamahumaand the
Gbagbla Ankonu streams, which feed the
Sakumo I lagoon, serve as potential sources
of trace metal pollution to thelagoon. Trace
metd levelsin sediment from themid-section
of the Muni lagoon were relatively higher
than the southern and northern sections.
However, the northern section of the Muni
lagoon had higher trace metal levelsinwater.
This suggests the relatively intense
anthropogenic impact dueto the salt winning
activity in the northern section of the Muni
lagoon. The levels of trace metal s detected
in sediment from the lagoons and the feeder
streams were higher than those in water,
thus, sediment could be described asaready
sink or reservoir of trace metals contami-
nation in both the lagoons and the feeder
streams. The study also showed that trace
metal levels detected in both water and
sediment from the Sakumo Il lagoon were
relatively higher than those from the Muni
lagoon. Thus, the Sakumo |1 lagoon could
be described asrel atively more polluted with
trace metal loads.
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