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Abstract: The objective of this study was geared towards determining the current pollution status of the
Sakumo Ramsar site with the aim of identifying factors affecting the long-term “integrity” of the Ramsar site.
Water quality deterioration, mainly salinization, has occurred in the Sakumo lagoon, Accra, Ghana. The cause
of deterioration of water quality was studied using hydrochemical data and environmental isotopes of water;
namely deuterium and oxygen-18 (measured as *2H and *180). Water samples were collected from the lagoon,
feeder streams and some beverage and textile industries. The sequence of order of the heavy metals in the water
observed in the Sakumo wetland was as follows:  Fe > Mn > Cu >Hg.  The *2H and *180 content prove
successful when interpreted with corresponding hydrochemical data. The d-values of water samples from any
source normally change due to history and processes to which the water molecules have been subjected in the
environment. Results indicated both higher enrichment of heavier isotopes and higher chloride concentration
in water samples from the lagoon than in water samples from other sources (industries and feeder streams).
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INTRODUCTION

The Sakumo Ramsar Site is the smallest among the
five Ramsar sites in Ghana and experiences many of the
environmental pollution problems seen in larger
industrialized cities. Unregulated waste discharges from
various commercial premises, disposal of primary
treated/untreated sewage effluent, solid and hazardous
waste disposal and urban runoff rank among the most
critical environmental problems seen on the Ramsar Site
today. The ability of a water body to support aquatic life,
as well as its suitability for other uses, depends on many
factors. In Ghana, untreated sewage is discharged from
domestic, municipal as well as industrial activities into
natural water bodies due to inadequate sewage treatment
plants and poorly planned urban systems.  The Ramsar
site is a habitat for several species of long distance
migratory   birds  using  the  East  Atlantic  Flyway
(Ofori, 2005). The Wetland also provides space for
storing surface waters where intense biological processes
occur.

Water is one of the main wetland resources, the
availability and quality of which always play important
roles in determining not only where people can live, but
also their quality of life (Solley et al., 1995). The
dumping of refuse, discharge of industrial and domestic
sewage, as well as run-off from agricultural farms into
surface water also increases the chemical and organic
loading of the wetlands thereby decreasing the dissolved
oxygen content necessary for aquatic organisms. The
discharge of various forms of wastes into the wetland also

creates fertile environment for microbiological and
biological agents to flourish and spread disease pathogens
leading to various health problems for humans and
aquatic organisms (UNEP, 2006).

Sakumo Wetland is the final recipient of all the
domestic, municipal, agricultural and industrial waste
from the Sakumo catchment which is transported by the
streams and drains into the wetland. These discharges
carry large influxes of nutrients, suspended and dissolved
organic matter, contaminants, and other toxic materials
into the wetland thereby affecting flora and fauna. These
developments have resulted in reduced water quality and
self-purification properties of the wetland as seen in the
disappearance of some fish species from the lagoon.
Additional pressures in this urbanized coastal area which
includes loss of natural habitat through physical
alterations to the system, discharge of potentially toxic
materials into the wetland can change both aquatic species
diversity and ecosystems due to their toxicity and
accumulative behaviour (Heath, 1987).

The objectives of the study were achieved through
the determination of physico-chemical parameters in
rivers and streams draining into the Ramsar site and also
by the use of environmental stable isotopes of oxygen
(18O) and hydrogen (2H) contents in order to identify
evaporation effects as well as the different pollution
sources (both present and expected) whilst the detection
and determination of heavy metals in the waters would
provide a means of establishing the influence of the heavy
metals on the Ramsar site. 
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Fig. 1: Map of study area

MATERIALS AND METHODS

The study area: The Sakumo Lagoon lies due east of
Accra between Teshie-Nungua and Tema Township.  The
wetland, covering about 35 km2 is the smallest coastal
Ramsar site in the country and lies between latitude 5º35!
N to 6º40! N and longitude 0º00! W to 0º10! W with an
altitude of 86.9 m (286 ft) and an average elevation of
45.7 m (Fig. 1). The wetland is drained by three (3)
principal streams namely Onukpawaha, Mamahuma and
Dzorwulu into the brackish water lagoon catchment.  The
stream valleys are covered by alluvial sediments with
marine sand deposits.

Sampling: Water samples were collected from the
Sakumo lagoon and surrounding feeder streams from the
Greater Accra region of Ghana between September and
November 2009. The lagoon was divided into three
sections with ten sampling points established (four from
the northern course, three from the middle course and
three from the southern course). Effluents from various
industries were also sampled at the point source before
discharge into the lagoon.

Water samples for physico-chemical analyses were
collected towards the middle directly into cleaned-

prepared 1 L plastic containers using a sampling bottle
tied to the collection pole.  The water samples for metal
analysis were acidified to a pH<2 using concentrated
nitric acid (HNO3).  The samples were filtered through a
0.45 :m cellulose acetate membrane. Water samples for
Dissolved oxygen determination were collected separately
into 300 mL plastic bottles and the dissolve oxygen fixed
on the spot by addition of 2 mL each of MnSO4 and
alkali-oxide iodide solution. Samples for Biochemical
Oxygen Demand (BOD) were also collected into separate
300 mL plastic bottles for incubation in a dark place for
five days. 

Samples for the measurement of the isotopic
compostion of the waters were also collected separately
into 50 mL bottles and filled to the brim without trapping
any air bubbles.

In-situ measurments of hydrogen ion concentration
was determined with a P8-11 sartorius pH meter kit whilst
conductivity, total dissolved solids; salinity and
temperature were measured using a mettler Toledo
electrochemical probe Horiba. Alkalinity was also
determined on site using the HACH alkalinity test kit.  

Chemicals and reagents: All chemicals and reagents
used in this study were of high purity quality and were of
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analytical grade. Redistilled 65% HNO3, 35% HCl and
30% H2O2 were purchased from Sigma-Aldrich,
Germany. Acetone (99.5%) was purchased from BDH,
England. Florisil adsorbent was purchased from Hopkin
and William Ltd., England.

Laboratory analysis: Water samples were analysed by
both classical and automated instrumental methods as
appropriated in standard methods for analysis of water
and waste water (APHA, 1992).  Analytical Instruments
were pre-calibrated appropriately prior to measurement.
Replicate analyses were carried out for each
determination to ascertain reproducibility and quality
assurance.

For the determination of dissolved oxygen, 300 mL
plastic bottle was slowly and carefully filled with water
sample to avoid trapping of air bubbles. 2 mL each of
MnSO4 and alkali-oxide iodide solution was added below
the surface on the field using a dropping pipette. The
bottle was stoppered and inverted several times to mix the
content very well, a flock of manganese hydroxide of
higher oxidation state was formed which was allowed to
settle. 2 mL of concentrated sulpuric acid was then added
down the neck of the bottle, the contents were mixed by
inversion until iodine was formed through redox reaction
between the manganese and iodine which has been
uniformly distributed. 50mL portion of the iodine solution
was titrated with a standardized 0.025 M thiosulphate
(Na2S2O3) solution until a pale yellow colouration
developed. The titration was continued to a final
colourless end point using starch as an indicator:

Mn2+ 
(aq) ÷ Mn(OH)2O (1)

then:

4Mn(OH)2 + O2  ÷ 4MnO(OH) + 2H2O (2)

The I3
- produced was determined by titration with

thiosulphate:

2S2O3
2G + 3IG (3)

From equation I, II, and III the mole ratio of O2 to S2O3
2G

(1:4) can be determined and hence the mg/L of oxygen
dissolved in the water samples calculate.

Flame Emission Photometric method was used to
measure sodium and potassium. Trace amounts of
potassium in the water samples were determined in a
direct-reading type of flame photometer at a wavelength
of 766.5 nm whilst trace amounts of sodium were
determined at a wavelength of 589 nm.  

Nitrate was determined by cadmium reduction
method. The cadmium reduction method uses a
granulated cadmium-copper catalyst to reduce nitrate to

nitrite. The nitrite produced plus that originally present
was then reacted with sulphanilamide to form the diazo
compound. The coupling reaction was carried out on the
diazotized sample by the addition of N-(1-naphthyl)-
ethylenediamine dihydrochloride to form the azo dye. The
azo dye intensity, which is proportional to the nitrate
concentrations, is then measured spectrophotometrically
at 520 nm (APHA, 1992).

The amount of sulphate ions was determined by
turbidimetric    method    using    barium    chloride
(Hesse, 1971). mg SO4

2G/L = mg SO4
2G×1000/mL sample:

SO4
2G(aq) + BaCl2 ÷ BaSO4(s) + 2ClG(aq) (4)

The analysis of phosphorus was determined by the
ascorbic acid method using the Utraviolet
spectrophotometer (UV-1201) (AOAC, 1995).

The Argentometric Method was used in determining
the chloride content of the water samples.  The filtered
water sample was titrated against a 0.1 M AgNO3 solution
using K2CrO4 as indicator:

ClG (aq)+ AgNO3(aq) ÷ AgCl(s) + NO3G(aq) (5)

The acidified water samples after filtration with 0.45 µm
cellulose filter membrane. Water samples were digested
to concentrate and convert metals associated with
particulate to the free metal. All the samples were
analysed using VARIAN AA240FS Flame Atomic
Absorption Spectrometer. 6 mL of 65% of concentrated
HNO3, 3 mL of 35% HCl and 0.25% H2O2 was added to
each vessel containing the sample. To ensure the
reliability of the analytical method during digestion and
sample preparation, a blank determination using the same
procedure was performed. Cold vapour AAS was used in
the determination of total dissolved mercury. The
organomercury compounds in the sample were oxidized
to inorganic mercury (II) compounds by heating with
sulphuric acid, potassium permanganate and potassium
persulphate.  The mercury compounds were then reduced
with stannous chloride in a hydroxylamine sulphate-
sodium chloride solution to elemental mercury. The
mercury was sparged from solution with a stream of air
and passed through an absorption cell situated in the
pathway of the mercury lamp.  

All stable isotope values in this study are given as *-
values in per mil (‰) against the international Vienna
Standard Mean Ocean Water (V-SMOW, normalised to
V-SMOW/SLAP scale) as defined by Eq. (6):
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where, RSA denotes the isotope ratio of 2H/H or 18O/16O of
a sample and RST of the standard, respectively and:

R = Heavy isotope / Light isotope

Stable isotopic compositions of industrial effluents,
streams and lagoon waters were analyzed.  Samples and
standards were measured using the Isotope Analyzer

RESULTS AND DISCUSSION

Points selected on the streams near entry into the
lagoon that is, NL1-NL2 (Fig. 1) were slightly basic (pH of
7.68 and 7.86, respectively) to basic towards the North of
the lagoon (NL3) whereas the middle portions of the
lagoon (ML1-ML3) were basic (pH of 8.05). The southern
part of the lagoon (SL1 and SL2) which connects the
lagoon to the sea was slightly acidic (pH of 6.93). The
surface water from the streams (Onukpawahe,
Mamahuma and Dzorwulu) was slightly basic (pH of
7.79, 7.73 and 7.77, respectively).  However, pH of the
domestic effluents was rather basic (pH of 8.1).  These
variations in pH may be due to the presence of dissolved
carbonates and bicarbonates present in the water which
are  known  to  affect  pH of most surface waters
(Chapman, 1992). 

Measured conductivity values from the study area
ranged from 313 to 49900 :S/cm whilst Total Dissolved
Solids (TDS) ranged from 131.9 to 23200 mg/L, at the
middle portions of the lagoon (ML1, ML2, ML3).  The
higher conductivity and TDS recorded for the lagoon
(49,900 and 23,200 mg/L, respectively) indicate higher
ionic concentration probably resulting from the high
anthropogenic activities.  These high values could be a
result of many factors which may include sea water
encroachment, discharge of industrial effluents, sewer and
increased farming activities which introduce ions and
metals from fertilizers and other agrochemicals from
farmlands.  

Salinity varied from 0.1 to 33.5‰. Water samples
from domestic effluents and the streams were less saline
(salinity range of 0.8-2.1‰) than the lagoon waters which
were very saline (15.7 to 33.5‰).  The high salinity in the
lagoon water could be due to the mixing of sea water and
other surface waters which are salted to high evaporation
in the lagoon.  

Water samples from the streams (Onupkawahe,
Mamahuma and Dzorwulu) (Fig. 1) and the southern part
of  the  lagoon  (SL2)  recorded values exceeding the
WHO (1996) limit of 400 mg/L for Alkalinity with
Dzorwulu stream measuring the highest alkalinity value
of 560 mg/L.  The alkaline nature of the streams
particularly the Dzorwulu stream could be attributed to
the influence of run-off from surrounding agricultural
farms.

Dissolved oxygen concentration varied from 1.4 to
21.2 mg/L. Relatively low DO concentrations (2.9 and 4.2
mg/L, respectively) were recorded at Mamahuma and
Dzorwulu  streams  whilst  an  average DO of 14.4 mg/L
(n = 8) was recorded at the lagoon with the lowest DO of
1.4 mg/L recorded at the Dam.  

Biochemical Oxygen Demand (BOD) is a chemical
parameter which determines the uptake rate of dissolved
oxygen  by  biological  organisms  in  a water body
(Ameka et al., 2000).  With the exception of the dam
(LD) which served as a control for this study, all other
samples recorded biological oxygen demand values
higher than the WHO limit of <3.0. The high BOD values
recorded may be due to the discharge of industrial
effluents into the streams. These accelerate bacterial
growth and consume oxygen faster in the water.

Measured phosphate values were generally higher
than the WHO limit (<0.3 mg/L) with concentration
varying between 0.04 to 3.26 mg/L. This high phosphate
concentrations could be due to chemical or microbial
action on the substances in the waters, breaking down
organic phosphorus into inorganic and soluble phosphate
as a result of individual farms which depends very much
on fertilisers and agro-chemicals thus, contributing to the
observed eutrophic condition of the lagoon.

Sulphate values were generally low at almost all the
sampling sites with the exception of the lagoon waters
(NL1-SL2) which recorded relatively high concentations
(mean of 381.17 mg/L).  The high sulphate values may be
due to the influx of industrial wastes and sulphate
containing fertilizers from agricultural farms.

Sodium ions (Na+) concentrations varied between
47.8 to 33100 mg/L with middle portion of the lagoon
(ML2) recording highest Na+ concentration of 33100
mg/L.  Chloride ions (ClG) recorded concentrations from
21.99 to 17494 mg/L with the southern part of the lagoon
(SL1) recording the highest chloride concentration of
17,494.58 mg/L. This high chloride concentrations in the
lagoon may be due to seawater intrusion and also, the use
of salts in industries and from domestic sewage (including
animal manure).

Measured concentration of manganese in the waters
varied from <0.001 to 0.78 mg/L.  This may explain the
relatively high concentration of manganese in the waters.
Manganese is difficult to remove from most industrial
discharges because the pH must be raised to above 10.0
before manganese will precipitate (Plataforma, 2009).
Aquatic organisms have exhibited toxic responses to
manganese in surface waters hence the need to monitor
for levels of manganese in surface water to protect aquatic
life.

The concentration of mercury in the surface water
varied from <0.001 to 0.016 mg/L. Mercury enters surface
water through runoff, atmospheric depositions and the
discharge of mercury containing products into drains.
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Fig. 2: Mean metal levels in the Sakumo catchment

Fig. 3: Relationship between *D and *18O

Higher concentrations of copper and zinc were
recorded in the lagoon as compared to the streams. The
highest concentration of manganese was recorded in
Mamahuma stream.  However, there seem to be an even
contribution of mercury into the lagoon as the three
streams recorded similar distribution of mercury
concentrations in their waters.

The concentrations of heavy metals (As, Cd, Cr, Cu,
Fe, Mn V and Zn) measured in surface water samples,
were generally low but exceeded the background
concentrations indicating contamination of the water due

to the influence of industrial effluents and runoff from
agricultural farms.  The low concentrations of the heavy
metals in the surface water could be due to dilution,
adsorption and precipitation.  The sequence of heavy
metal distribution in the feeder streams and the Sakumo
lagoon were very similar (Fig. 2): 

Onukpawahe; Fe÷Mn÷Cu÷Hg÷Zn 
Mamahuma; Fe÷Mn÷Cu÷Hg÷Zn 
Dzorwulu stream; Fe÷Mn÷Cu÷Zn÷Hg 
Sakumo lagoon; Fe÷Mn÷Cu÷Zn÷Hg
(in decreasing order)
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Fig. 4: Relationship between Chloride and *18O

Stable isotopes of 18O and 2H: A complete guidelines
and application of stable isotope studies in hydrological
cycle  is  detailed  in  the  report  of IAEA publication
(Gat, 1980). The stable isotope data are expressed as per
mil deviations from VSMOW standard.Stable isotopes
data have shown the different sources of the waters into
the lagoon. Evaporation is, however, turning the lagoon
water into brine at some portions of the lagoon (southern
part). Waters from the streams go into the lagoon and
mixes with the seawater at some point in the lagoon
turning those environments very saline (to brine).  

The *D and *
18

O data fall into two distinct groups
(Fig. 3), providing information on the secondary
processes acting on the water as it travels from its source
into the surface water.  The mixing line have been drawn
assuming an average linear composition of both
components of the mixing system members. The stream
waters in Fig. 3 clustered close to the left of the GWML
(blue circle) along a shallow-sloping trend, whilst the
lagoon waters (red circle) clustered close to the right of
the GMWL suggesting a typical evaporation pattern.  This
is because the lagoon water receives some lighter isotopic
waters from the streams.  Also, the positive values of the
lagoon waters and the wide deviations from the GMWL
line indicate that a degree of isotopic enrichment as a
result of surface evaporation.

The distribution of points corresponding to the lagoon
indicate that while there is maximum enrichment in the
sample collected from the lagoon and dam, there is
depletion (relative to the surface water) in the streams
(Fig. 4). This observation confirms the general
expectation, because the evaporation effect is relatively
high for surface waters (lagoon), which, therefore, have

isotopically enriched waters. However, the stream waters
have a relatively depleted isotopic signature (less
negative) compared to the lagoon waters.  This relatively
depleted signature of the stream waters which is different
from the lagoon waters suggests that, the stream waters
mixes with seawater at a point (towards the middle) in the
Lagoon.  However, recharge following large flood events
could also have such a depleted isotopic signature because
heavy rain tends to have a relatively negative isotopic
composition and there is relatively less evaporation.

In general, heavier values were associated with the
lower anion concentrations. Water in the lagoon is aerated
to enhance evaporation which causes anion concentrations
to increase and d-values to decrease. Also, additional
water is added from the sea to flush the remaining water
hence precipitating out more salts. Further dilution of the
lagoon water by feeder streams enriches the lagoon water,
which explains the higher ion concentrations in the
lagoon.

CONCLUSION

The results of the study have indicated slight
pollution of the Sakumo Ramsar site with regards to
heavy metals.  This poses a health risk to the both near
and far communities in the catchment who rely on the
wetland for their source of livelihood. The relatively high
level of heavy metals in the lagoon is a good indication of
man-induced pollution as a result of industrial,
agricultural and sewage discharge into the wetland. The
metal concentrations in the wetland do not show any
particular trend and this indicate that the source might be
diffused. Stable isotopes have confirmed the different
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waters into the lagoon and the effect of mixing of
seawater and lagoon water. The lagoon water
subsequently turning to brine due to the high evaporation
hence, reducing freshwater organisms (fishes) diversity.
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