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Abstract: This study was carried out at two locations at the Volta Estuary, Ghana, to ascertain 
the levels of the metals Mn, Zn, Fe and Hg in the bottom sediments and ascertain whether or 
not the sediments were polluted as far as these metals were concerned. Metal levels in the 
sediments from the two sampling locations ranked in the following order Fe>Mn>Zn>Hg and 
the concentrations of all the metals were well below the GESAMP Unpolluted  Sediment 
Standard values, indicating that the local metal fabrication industries around the Estuary and 
the surrounding agricultural activities have not severely impacted negatively on the Estuary. 
Based on the geoaccumulation calculations, it was realized that the sediments from the two 
sampling stations are unpolluted (Class 0) as far as the heavy metals, Mn, Zn, Fe and Hg are 
concerned. 
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INTRODUCTION 

 
Contaminated sediments in both freshwater and marine systems are of significant environmental 

concern worldwide. Contaminants can persist for many years in sediments, where they have the potential 
to adversely affect human health and the environment. Some chemicals continue to be released to surface 
waters, from industrial and municipal sources and from polluted run-off from urban agricultural areas and 
build up to harmful levels of contamination in sediments (Mackevičiene, 2002). The enrichment of metals 
in sediments is influenced by allocthonous processes which are made up of natural and anthropogenic 
effects and autochthonous influences comprising of precipitation, sorption, enrichment of organism and 
organo-metallic completion during sedimentation as well as the post depositional effects of digeneses 
(Forstner, 1979). The analyses of sediments are a useful method of studying aquatic pollution with heavy 
metals (Batley, 1989). There are basically three reservoirs of metals in the aquatic environment: water, 
sediment and biota. Metal levels in each of these three reservoirs are dominated by a complex dynamic 
equilibrium governed by various physical, chemical and biological factors (Murray, 1973), and among 
these three reservoirs the sediment is the major repository for metals, in some cases, holding over 99% of 
the total amount of metal present in the system (Renfro, 1973). The occurrence of elevated concentrations 
of trace metals in sediments found at the bottom of the water column can be a good indicator of man-
induced pollution rather than natural enrichment of the sediment by geological weathering (Davies, 1991; 
Chang, 1998) and it is well known that an important proportion of metals are associated with suspended 
or bottom sediments (Irion, 1991; Wang, 1997). 

In recent years, there has been a proliferation of rural metal fabrication and agricultural industries 
along the Volta Basin and locations in the Estuary have been implicated as areas possibly impacted by 
these industries. Recent agricultural developments below the Akosombo Dam include irrigated rice, 
sugar, and vegetable cultivation in the areas immediately adjoining the Volta River and the Estuary. The 
applications of sewage sludge, sewage water, pesticides and fertilisers to these agricultural lands 
contribute to the accumulation of the heavy metals in top soil layers and their subsequent spreading to 
large areas of the estuary through surface run-off. The smelting activities of the small scale metal 
fabricating industries activities not only release the target metals but also metals which are associated in 
the ores.  

Currently, there is very limited data on the concentrations and distribution of heavy metals in the 
sediments of the Volta Estuary although anecdotal information suggests that the Basin might be receiving 
a considerable range of polluting effluents, particularly heavy metals from these sources. This study 
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therefore examined the concentrations of heavy metals in the sediments in the Volta Estuary in order to 
enhance the data inventory for the area, characterize the geochemistry of Mn, Zn, Fe and Hg in surficial 
sediments and to help understand whether or not anthropogenic activities have impacted negatively on the 
biogeochemical processes in this tropical estuarine system. 

 
MATERIALS AND METHODS 

 
Study Area: 

The study was carried out at two locations, Ada and Aveglo, both at the Volta Estuary, Ghana, over 
an 18-month period, from March 2008 to August 2009. Ada (Latitude 05°49' 18.6" N and 000°38.46' 
1"E) and Aveglo (05°53 28.2" N and 000° 38' 24.7"E) represent the southern and northern limits of the 
most active clam fishing grounds at the Volta Estuary. Figure 1. 

This study was carried out over 18 months to span over the major and minor rainy seasons of 2008 
and 2009 as well as the dry season (the Harmattan) from December 2008 to March 2009 thus provide 
ample time to study the seasonal variations in metal concentrations. 

 
Fig. 1: Map showing the sampling locations at Ada and Aveglo in the Volta estuary in Ghana. 

 
Collection and Processing of Sediment Samples: 

Surface sediment samples (0-5 cm) were collected on a monthly interval for 18 months using an 
Ekman grab at the two locations from March 2008 to August 2009. The samples were collected at each 
sampling sites according to the standard procedures described in USEPA’s sediment sampling guide 
(United States Environmental Protection Agency, 1994) and were kept in LDPE bottles pre-washed with 
10% HC1 and stored in insulated iced chests at about 4°C for analyses in the laboratory.  

In the laboratory the sediment subsamples of 500g from each sampling location were placed in 
ceramic mortars for drying at 80°C for 48hrs to a constant weight (Phillips, 1981). The dried samples 
were then gently disaggregated and 250g of each sample stored in 250 ml acid-washed LDPE bottles for 
the heavy metal analyses (United States Environmental Protection Agency, 1994). 

 
Digestion of the Samples: 

About 0.5g of processed sediment samples were weighed into 50 ml digestion tubes and 1ml of 
distilled water, 2.0 ml perchloric acid (HNO3-HClO4) (1:1 vv) and 5.0 ml sulphuric acid (H2SO4) were 
added. Each mixture was refluxed at 200ºC for 30 minutes in a clean fume chamber. The completely 
digested samples were allowed to cool at room temperature, and the undigested portion of the filtered off 
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through a Whatmann Glass Microfibre filter paper (GF/C) to obtain a clear solution and diluted to 50 ml 
in volumetric flasks with double distilled water (Jin, 1999; Otchere, 2003). 

 
Determination of Zinc, Iron and Manganese: 

The concentrations of Zn, Fe and Mn were determined using a Buck Scientific Model VGP Flame 
Atomic Absorption Spectrophotometer (AAS). All sediment analytical batches were accompanied by 
blanks at a minimum rate of one blank per 20 samples. Replicate analyses were conducted on 10% of the 
samples to evaluate the precision of the analytical techniques. The data are expressed as total 
concentrations (µg/g). 

 
Table 1:  Wavelengths and detection limits for Mn, Zn and Fe. 

Element   Slit  Wavelength  Detection Limit 
Manganese                     0.7  385.2   0.001 
Zinc   0.7   213.9   0.005 
Iron                                0.7  248.3   0.03    

 
Determination of Total Mercury: 

The Atomic Mercury Analyzer (Model HG 5000) equipped with a mercury lamp at a wavelength 
253.7nm was used for the determination of Total Mercury (THg) in the sediment samples. Responses 
were recorded on strip chart recorders as sharp peaks. The peak heights were used for computation of the 
total mercury concentrations in the sediment and expressed as microgram per gram (µg/g).  Total mercury 
concentrations were validated according to standard procedures described for Mercury analyser Model 
HG 5000 to check for precision and accuracy. 

 
Sediment Pollution Analysis: 

Results of the heavy metal concentrations in the sediments were compared to sediment standards set 
by (GESAMP, 1982) to ascertain the extent of heavy metal pollution in the sediments at the two sampling 
stations. 

Müller’s geochemical index (Igeo) (1979) was further used to measure the pollution intensities in the 
study areas (Müller, 1979). The Igeo is associated with a qualitative scale of pollution intensity and 
samples were classified as unpolluted (<0), unpolluted to moderately polluted (0≤Igeo≤1), moderately 
polluted (1≤Igeo≤2), moderately to strongly polluted (2≤Igeo≤3), strongly polluted (3≤Igeo≤4), strongly to 
extremely polluted (4≤Igeo≤5) and extremely polluted (Igeo≥5). 

 

The formula used for the calculation of Igeo is: Igeo= Log2 .
  (Müller, 1979).   

Cn is the measured content of element “n”, and Bn the element’s content in “average shale” 
(background concentration) (Turekian, 1961). The geoaccumulation index (Igeo) was originally defined 
by (Müller, 1979) for a quantitative measure of the metal pollution in aquatic sediments. The content 
accepted as background value is multiplied each time by the constant 1.5 in order to take into account 
natural fluctuations of a given substance in the environment as well as very small anthropogenic 
influences. The background values of the studied metals are given in Table 2.  

 
Table 2: Background concentrations of the studied metals. 

Mn  Zn  Fe  Hg 
Shale Standard          850*  95*  46700*  0.04†   
(Background concentration) 
* (Turekian, 1961) 
†  (GESAMP, 1982) 

 
The calculated Igeo values were compared to the Description of Sediment Quality (Igeo) 

Classification Table (Table 3) (Müller, 1979) to ascertain the pollution intensities of the two sampling 
sites. 

  
Table 3: Description of sediment Quality (Igeo) Classification (Müller, 1979). 

Geoaccumulation index  (Igeo)          Class                              Pollution Intensity 
<0     0     Unpolluted 
0-1     1        Unpolluted to moderately polluted 
1-2     2     Moderately poluted 
2-3     3         Moderately to strongly polluted  
3-4     4     Strongly polluted  
4-5     5     Strongly to extremely strongly polluted  
>5     6     Extremely contaminated 
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RESULTS AND DISCUSSION 
 
Heavy Metal Concentrations in the Sediment Samples: 
Ada Sampling Station: 

The concentrations of Mn in the sediments sampled from the Ada sampling station did not vary 
considerably over the 18-month period and were generally similar. The lowest Mn concentration of 
110µg/g in the sediments from the Ada sampling station was recorded in November 2008 whiles the 
highest of 393µg/g was recorded in March 2009. Zn concentrations were generally very low in the Ada 
sediments with very small variations in concentrations over the sampling period. Concentrations were 
observed to be lowest in September 2008 where concentrations were in trace amounts below the detection 
limit of the AAS. A concentration of 9µg/g was recorded in the month of July 2009 as the highest Zn 
concentrations during the sampling period. The monthly Fe concentrations over the sampling period were 
generally very high and followed no particular pattern. Concentrations varied from a lowest value of 
696µg/g in August 2008 to 2758 µg/g in March of the same year. Concentrations of Total Mercury 
ranged between 0.0069µg/g and 0.0240µg/g as the lowest and highest recorded concentrations in the 
months of April and August 2008.  

 
Table 4: Heavy Metal Concentrations (μg/g dw) of Mn, Zn, Fe, and Hg in Sediment Samples from Ada and Aveglo (March   
  2008 to August 2009). 

 
PERIOD SAMPLING SITE  Mn  Zn  Fe  Hg 
 

March 2008 Ada   180  3  2758  0.0079 
   Aveglo   160  3  1564  0.0210 
April 2008 Ada   192  3  2532  0.0082 
      Aveglo   187  2  1214  0.0240 
May 2008 Ada   201  3  2540  0.0079 
   Aveglo   100  2  1158  0.0099 
June 2008 Ada   189  3  2541  0.0080 
   Aveglo   106  2  1114  0.0230 
July 2008 Ada   154  1  1749  0.0078 
   Aveglo   139  3  1683  0.0080 
Aug. 2008 Ada   157  3  696  0.0140 
   Aveglo   290  5  3476  0.0100 
Sept. 2008 Ada   297  ND  978  0.0069 
   Aveglo   245  6  3244  0.0119 
Oct. 2008 Ada   150  2  960  0.0088  
   Aveglo   163  1  1728  0.0095 
Nov. 2008 Ada   110  1  1650  0.0076 
   Aveglo   197  1  1836  0.0088 
Dec. 2008 Ada   198  2  2160  0.0100 
   Aveglo   187  2  1140  0.0094 
Jan. 2009 Ada   139  3  1266  0.0094 
   Aveglo   130  2  1620  0.0106 
Feb. 2009 Ada   117  2  1362  0.0083 
   Aveglo   199  3  1206  0.0097 
March 2009 Ada   393  3  2010  0.0083 
   Aveglo   140  3  1542  0.0095 
April 2009 Ada   147  3  1630  0.0079 
   Aveglo   139  3  1452  0.0081 
May 2009 Ada   198  2  1548  0.0082 
   Aveglo   124  8  1560  0.0080 
June 2009 Ada   173  8  1578  0.0081 
   Aveglo   156  8  1656  0.0084 
July 2009 Ada   178  9  1872  0.0095 

  Aveglo   245  7  2862  0.0092 
Aug. 2009 Ada   175  7  2034  0.0089 

  Aveglo   188  6  1598  0.0095 
 
Unpolluted Sediment Standards*  770  95  4100  1 

 
* (GESAMP, 1982) 

 
Aveglo Sampling Station: 

Mn concentrations in the Aveglo sediments varied between a low of 100µg/g in May 2008 and 
290µg/g in August 2008. Concentrations of Zn in the sediments from the Aveglo sampling station were 
very low, similar to the concentrations recorded at Ada. Zn values ranged from the lowest value 1µg/g in 
the months of October and November 2008 to the highest of 8µg/g in the months of May and June 2009. 
Fe concentrations were relatively very high with the lowest concentration of 1114 µg/g recorded in June 
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2008 and the highest value of 3476µg/g in August of 2008. Total Mercury concentrations: The lowest 
concentration of 0.0078µg/g was observed in May 2008 and the highest of 0.0230µg/g in June 2008. 

Heavy metal contents of the sediment samples from the two sampling stations were compared to the 
Unpolluted Sediment Standard (GESAMP, 1982) to ascertain the level of pollution (Table 4). On the 
average the heavy metal concentrations in the sediment were well below the Sediment Standard values 
indicating that the local metal fabrication industries and the surrounding agricultural lands have not 
severely impacted negatively on the Estuary.  
 
Table 5: Results for Sediment Geoaccumulation Index of the studied metals for Ada and Aveglo. 

 
PERIOD SAMPLING SITE  Mn  Zn  Fe  Hg 

 
March 2008 Ada   -2.84  -5.57  -4.68  -2.95 
  Aveglo   -2.94  -5.57  -5.51  -1.51 
April 2008 Ada   -2.74  -5.57  -5.51  -2.95 
  Aveglo   -2.74  -6.16  -5.88  -1.32 
May 2008 Ada   -2.64  -5.57  -4.80  -2.95 
  Aveglo   -3.64  -6.16  -5.88  -2.60 
June 2008 Ada   -2.74  -5.57  -4.80  -2.91 
  Aveglo   -3.64  -6.16  -5.97  -1.38 
July 2008 Ada   -3.06  -7.16  -5.38  -2.94 
  Aveglo   -3.18  -5.57  -5.38  -2.91 
Aug. 2008 Ada   -3.06  -5.64  -6.66  -2.10 
  Aveglo   -2.12  -4.84  -4.32  -2.58 
Sept. 2008 Ada   -2.12      *  -6.16  -3.12 
  Aveglo   -2.40  -4.57  -4.44  -2.33 
Oct. 2008 Ada   -3.06  -6.16  -6.16  -2.76 
  Aveglo   -2.94  -7.16  -5.32  -2.70 
Nov. 2008 Ada   -3.47  -7.16  -5.38  -2.98 
  Aveglo   -2.74  -7.16  -5.27  -2.76 
Dec. 2008 Ada   -2.64  -6.16  -5.01  -2.58 
  Aveglo   -2.74  -6.16  -5.97  -2.67 
Jan. 2009 Ada   -3.18  -5.64  -5.80  -2.67 
  Aveglo   -3.32  -6.16  -5.44  -2.50 
Feb. 2009 Ada   -3.47  -6.16  -5.72  -2.85 
  Aveglo   -2.64  -5.57  -5.88  -2.63 
March 2009 Ada   -1.69  -5.64  -5.11  -2.85 
  Aveglo   -3.18  -5.57  -5.51  -2.66 
April 2009 Ada   -3.06  -5.64  -5.44  -2.92 
  Aveglo   -3.18  -5.57  -5.57  -2.89 
May 2009 Ada   -2.64  -6.16  -5.51  -2.75 
  Aveglo   -3-32  -4.16  -5.51  -2.85 
June 2009 Ada   -2.84  -4.16  -5.44  -2.89 
  Aveglo   -3.06  -4.16  -5.38  -2.84 
July 2009 Ada   -2.84  -5.57  -5.21  -2.71 
  Aveglo   -2.40  -4.34  -4.60  -2.71 
Aug. 2009 Ada   -2.84  -4.57  -5.51  -2.75 
  Aveglo   -2.74  -4.57  -5.44  -2.66 

 
Index of Geoaccumulation (IGEO): 

Based on the geoaccumulation calculations, it was realized that the sediments from the two sampling 
stations are unpolluted (Class 0) as far as the heavy metals, Mn, Zn, Fe and Hg are concerned (Table 5). 
Igeo values were well below zero (0) for all the studied metals with Mn values ranging between -1.69 and 
-3.64. Igeo values for Zn fell between -4.57 and -7.54 for the sediments from the two sampling stations 
for the 18-month sampling period indicating that the sediments from the two stations were practically 
very unpolluted as far as Zn was concerned. A comparison of the Igeo values of Fe and Hg with the 
Sediment Classification Table (Table 3) revealed that the sediments were unpolluted with the two metals. 
Igeo values for Fe fell between -4.32 and -6.66 whiles that of Hg ranged between -1.32 and -2.98. 

Although the study identified a number of metal fabrication industries in the locality of the Estuary, 
the actual sources of the metals in the Estuary are difficult to identify as the study did not observe any 
point source pollution. The concentrations of the studied metals in the sediment samples from the two 
sampling stations were well below the Unpolluted Sediment Standard (GESAMP, 1982) even though Fe 
concentrations in the sediments were relatively high. The high Fe concentration in the sediments could 
well be due to natural processes instead of anthropogenic activities as Fe occurs abundantly in the natural 
environment and may come from background levels in the sediments. According to (Sholokovitz, 1978; 
Wilson, 1986; Din, 1992), metal levels that originate from natural processes such as erosion and 
flocculation of metals may cause elevated levels in sediments and biota, unrelated to anthropogenic 
sources. Local hydrological conditions, weathering and the intensive leaching of mineralized rocks in 
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surrounding areas of the Estuary during rainstorms could also be implicated as factors contributing the 
high Fe levels in the sediments. 

Another principal factor that might explain the relatively high concentrations is the use of galvanized 
iron sheets as the principal roofing material in the settlements surrounding the Volta Estuary. According 
to (Otchere, 2003), higher levels of Fe and Zn might as well be due to import from surrounding 
settlements as most roofing in Ghana are made of galvanized iron sheets, most of which are presently 
rusty. Many metals are also found in agricultural products such as fertilisers. Those present in fertilisers 
include Mn and Zn. Eventually, these metals may accumulate in agricultural soils and become exposed to 
water bodies and the organisms present in them through run-offs during the rainy season (Otchere, 2003). 
Agricultural activities around the Volta Estuary, especially at Ada Foah are usually limited mainly to 
small scale holdings and subsistence agriculture and these activities usually result in increased exportation 
of silt, organic material and nutrients from the surrounding agricultural lands in the Estuary. The use of 
agrochemicals in agricultural activities in Ada Foah and the other surrounding agricultural communities is 
not widespread, but the major users of these agrochemicals are smallholders who have had little, if any 
training or skills in application, use, storage or disposal of these agrochemicals. The amount of chemicals 
entering the estuarine environment from the surrounding agricultural lands, although it presently appears 
insignificant might have adverse environmental effects in future due to bioaccumulation. 

 
Conclusions: 

The 18-month sampling allowed a comprehensive description of the metals Mn, Zn, Fe and Hg in the 
sediments of the Volta Estuary and the results of the study revealed that the concentrations of Mn, Zn, Fe 
and Hg in the Surface Sediments of the Volta River, Ghana were below the levels stipulated by the 
Unpolluted Sediment Standard [14]. It is however important that allochtonous inputs from the catchment 
area into the Volta Estuary are devoid of heavy metals and regulatory mechanism being enforced to 
ensure that current trends are not exacerbated. 
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