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Chemical Characteristics of Groundwater in the Akatsi and Ketu Districts 
of the Volta Region, Ghana

C. K. Tay
CSIR-Water Research Institute, P. O. Box AH 38, Achimota-Accra, Ghana

Abstract
The physico-chemical characteristics of the groundwater at Akatsi and Ketu districts were investigated. Water samples were collected from 34 
boreholes in the Akatsi District and 27 boreholes in the Ketu District and analysed for their quality parameters, using appropriate certified and 
acceptable international standard methods. Most of the water quality variables measured were within the WHO and GWCL guidelines for 
drinking water. The results showed that groundwater in the two districts are soft but slightly acidic with ranges 5.75–7.39 pH units and 5.14–
7.15 pH units for Akatsi and Ketu districts, respectively, and mean 6.73 pH units for Akatsi and 6.5 pH units for Ketu. Groundwater in both 
districts were also mineralized with conductivity ranges 170–6440 µS/cm and 420-5180 µS/cm for Akatsi and Ketu districts, respectively, and 
mean 1450.9 µS/cm for Akatsi and 1737.1 µS/cm for Ketu. SO4

2- and Cl-  ion concentrations in some boreholes in both districts were at such 
elevated levels that serious health effects and risks might arise after prolonged and continuous intake. The NO3-N concentrations in some of the 
boreholes in the two districts were present at elevated levels (far above the critical value of 10 mg/l) and might cause cyanosis, a potential health 
risk in infants.

Introduction 
Groundwater, surface waters (e.g. rivers, streams and ponds), rain-water and springs are the main sources of water 
available to the rural dwellers in Ghana. The qualities of these water bodies vary widely depending on location and 
environmental factors. Among the factors determining the qualities of natural waters, groundwaters in particular, are 
the chemical composition of the rocks with which they interact; soil formations and the length of time that the water 
body has been trapped underground (Van der Merwe, 1962). To monitor the water resources and ensure sustainability, 
national guideline (Ghana Water Company Limited guideline) and permissible limit (Ghana Water Company Limited 
permissible limits) and international criteria and guidelines established for water quality standards (WHO, 1984 and 
1993) are being used.

The present study focuses on using the Ghana Water Company Limited (GWCL) guideline and permissible limits, 
and  international  criteria  and  guidelines  established  for  water  quality  standards,  to  assess  the  water  qualities  of 
selected boreholes in the Akatsi and Ketu districts in the Volta Region of Ghana. These districts are potential tourist 
centres in the Region. Like all other districts in the Region these districts depend solely on groundwater for domestic 
water supply, yet little or no quality data on the groundwater in these areas is currently available. In addition to 
evaluating the suitability of water for domestic uses, it is also envisaged that the data generated will serve as baseline 
data  that  will  contribute  to  the  understanding of  the  physical  and chemical  behaviour  of  other boreholes  in  the 
districts.

Materials and methods
The study areas
The Akatsi and Ketu districts are located in the Volta Region of Ghana. Fig. 1 shows the Akatsi and Ketu districts and 
the sampling communities. 
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Fig. 1:     Map of Ketu & Akatsi districts showing sampling communities

Akatsi District
Akatsi District is located in the south-eastern part of the Volta Region. It covers a total land area of about 906,455 

square kilometres. It is bordered to the south by Keta, the east by Ketu, and west by both North and South Tongu 
districts. It has Akatsi as its district capital. Akatsi District has a number of water bodies such as Agblegbor, Wowoe – 
all streams, Lotor river and Tordzie river. These are the main sources of drainage in the area. The land is made up of 
peculiar coastal savanna soil, laterites and tropical black soil. Akatsi has an annual population growth rate of 2.6%. 
The  capital  (Akatsi)  is  the  only  urban  settlement  whiles  the  other  major  settle-ments:  Avenorpeme,  Lume, 
Agbedrafor, Wute, Dakpa, Torve and Gefia are rural. 

Ketu District
Ketu District is the major gateway for tourists entering the country from Nigeria, Benin, and Togo. It covers a total 

land area of about 779 square kilometres. The District falls within the coastal savanna vegetation zone of the country. 
The Gulf of Guinea (the Atlantic Ocean) in the south washes a sandy and sparkling 30-km coastline, stretching from 
Horvi in the west to Aflao (on the Ghana-Togo boarder) in the east. The south-western portion of pocket lagoons 
forms part of the designated Ramsar sites – resting and feeding grounds of over 70 species of migratory and resident 
birds, marine turtle, and other reptiles. Indeed, the Keta lagoon covers a portion of the pocket lagoon also noted for 
salt, tilapia, and crabs. The sea and lagoon influence the overall weather conditions of the District. 

Sampling and analysis
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The data set for the study is a subset of the data collected by the Water Research Institute (WRI) in 2002 and 2003 

during the Community Water and Sanitation Agency (CWSA) funded inventory and assessment of groundwater in 
selected districts in the Volta Region. 

Sixty-one water samples were collected from the Akatsi and Ketu districts. Thirty-four boreholes in the Akatsi 
District and 27 boreholes in the Ketu District were sampled. Sampling protocols described by Claasen (1982) and 
Barcelona et al. (1985) were strictly adhered to during sample collection. Samples were collected using washed (with 
detergent and rinsed with distilled water) polypropylene containers. Boreholes were sampled only after pumping for 
sometime. For the determination of heavy metal, samples were collected using 4-litre acid- washed polypropylene 
containers.  All  samples  were  kept  in  an ice-chest  and transported to  the laboratory,  stored in a refrigerator  at  a 
temperature of < 4 oC and analysed within 1 week. Temperature, pH and electrical conductivity were measured in situ 
using WTW-Multiline P4 Universal meter. 

Samples were analysed by appropriate certified and acceptable international standard methods (Standard Methods, 
1998) and the water  quality assessment (UNESCO/WHO/UNEP, 1998). All the reagents used were of analytical 
grade and the instruments were pre-calibrated appropriately prior to determination.

Turbidity  was  determined  using  the  Nephelometric  method  (APHA,  1998)  in  which  the  sample  was  shaken 
vigorously and transferred into a sample cell to at least two-thirds full, the sample cell was placed in the turbidimeter 
and the appropriate range on the turbidimeter was selected. The stable turbidity reading was then recorded.

Total dissolved solids (TDS) were determined using Gravimetric method (APHA, 1998) in which the sample was 
vigorously shaken and a measured volume transferred into a 100-ml graduated cylinder by means of a funnel. The 
sample was filtered through a glass fibre filter  and a vacuum applied for  about  3 min to ensure that  water  was 
removed as much as possible. The sample was washed with deionised water and suction continued for at least 3 min. 
The total filtrate was transferred (with washings) to a weighed evaporating dish and evaporated to dryness on a water 
bath. The evaporated sample was dried for at least 1 h at 180 oC. The dried sample was cooled in a desiccators and 
weighed. Drying and weighing process was repeated until a constant weight was obtained.   

Fluoride was measured by the Ion Chromatograph (IC) method using Peaknet-Control Panel Dionex-80 System, 
while  sodium and potassium were  analysed by the  Flame Photometric  method using a  Digital  Flame Analyzer-
Gallenkamp FGA-350L. Iron (Fe) and manganese (Mn) concentra-tions were determined using Unicam 969 Atomic 
Absorption Spectrophotometry (AAS). Calcium ion concentrations were determined using EDTA titrimetric method 
(APHA, 1998). 

Magnesium ion concentrations were calculated from Mg hardness while sulphate ion (SO
4
2-) concentrations were 

determined using colorimetric method (APHA, 1998). Phosphate ion concentrations were determined using Stannous 
chloride method (APHA, 1998) in which about 0.05 ml (one drop) phenolphthalein indicator was added to about 100 
ml sample. If sample turned pink, a strong acid solution (alcoholic sulphuric acid solution) was added drop-wise to 
discharge the colour. A 4-ml molybdate reagent I and 0.5 ml (10 drops) stannous chloride reagent I were added with 
thorough  mixing  after  each  addition.  The  absorbance  was  measured  at  a  wavelength  of  690  nm  on  a 
spectrophotometer after about 10 min. 

Bicarbonate ion concentrations were calculated from alkalinity (strong acid titration).  Total alkalinity (as mg/l 
CaCO

3
), total hardness and the chloride concentra-tions were determined using titrimetric methods. Alkalinity was 

determined by titration of the sample with 0.1M hydrochloric acid to pH 4.5 using methyl orange indicator while the 
water  hardness  was  analysed  by  titration  of  the  buffered  water  sample  with  standard  EDTA  at  pH  10  using 
Eriochrome Black-T as the indicator. The chloride content was determined by argentometric method. The sample was 
titrated under neutral conditions with a standard silver nitrate solution using potassium chromate as the indicator.

Results and discussion
The physical and chemical characteristics of groundwater in the Akatsi and Ketu districts are presented in Tables 1and 
2. The mean concentrations of the borehole water quality in both districts are presented in Table 3 and compared with 
WHO (1984 and 1993) and the Ghana Water Company Limited (GWLC) guidelines in Table 4.

                                                                                                                                      
TABLE 1

                                          Water quality of the Ketu District, Volta Region

                                                                            Parameter
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Site name  pH Cond. Colour Turbidity PO4 Tot. alk NO3-N NO2-N Cl- SO4

2- HCO3- NH3-N Na+ K+ Ca2+ Mg2+ Tot. Fe2+ Mn2+ Tot. hard. TDS

F- pH-unit µs/cm Hz NTU mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
mg/l mg/l mg/l mg/l mg/l

Afife 5.79 420 5 3.9 0.01 56 6.51 0.017 79.4 12.2 68.3 0.052 35 5.5 19.2 9.21 0.129 <0.01 86 230
0.102

Afife 7.1 1360 <5.00 5.9 0.3 280 0.01 <0.001 268 24.7 342 <0.001 NA 5.9 80.2 33.9 1.51 0.04 88 687
<0.001

Devego 7.05 870 <5.00 0.4 0.02 322 13.1 <0.001 76.9 27.1 396 <0.001 45 4.5 109.8 11 0.069 11 N 435
0.135

Xipe 6.5 860 5 1.5 0.02 284 10.07 <0.001 42.1 129 NA <0.001 33 6 128 19.8 0.02 <0.01 400
1000 1.5

Tsyinu 6.72 1300 <5.00 1.2 <0.001 294 1.88 0.017 174 55.8 359 <0.001 88.5 3.5 126 7.54 0.335 <0.010 345 660
0.013

Ativedome Kofe 6.35 2240 5 0.6 0.01 320 14.5 0.001 203 162 390 <0.001 200 12.8 94.2 40 0.046 <0.010 400
1130 0.172

Agorvi 6.83 3220 <5.00 2.3 0.01 400 0.122 0.002 54.6 920 488 <0.001 34.4 9.2 361 126 0.21 0.2 1420 619
0.001

Agorvi 7.02 1390 <5.00 0.8 0.01 376 0.639 <0.001 79.4 265 N <0.001 120 4 143 54.1 <0.001 0.015 580 699
0.11

Kuli 6.56 1000 5 1.5 0.03 386 1.33 <0.001 69.4 32.2 471 0.23 45 2.9 138 7.53 0.387 0.012 375 540
0.007

Kpoglo 6.8 940 <5.00 3.5 <0.001 272 1.4 <0.001 111 32.1 332 <0.001 66.3 4.9 88.2 26.1 0.54 0.01 328 633
0.1

Ehi 7.15 940 <5.00 0.7 0.028 314 0.228 0.003 100 51.4 383 0.066 60.7 3.2 81 30 <0.001 0.031 326 470
0.116

Torvi-Ga 6.9 1310 <5.00 1 <0.001 320 1.1 <0.001 143 225 390 1.1 96.6 7.9 152 42.6 0.06 42.6 556 655
<0.001

Gbegbekope 6.42 490 <5.00 4.8 0.269 96 0.536 0.002 56.1 NA 117 0.536 24.1 1.5 56.1 4.3 0.69 0.13 158 250
0.4

Adotekope 5.83 3920 <5.00 13.2 0.024 18 0.45 0.001 1260 188 22 0.4 600 9.3 76.2 87.4 0.29 0.3 550
1978 0.02

Blamezado 5.6 1480 <5.00 0.8 0.001 26 0.766 0.012 383 51.6 31.7 0.175 136 3.2 48.1 51 0.21 0.025 330 740
0.06

Agblekpui 5.14 1510 5 2.6 0.019 16 0.786 0.004 340 69.2 19.5 <0.001 182 1 33.4 17 1.94 0.101 153.3 765
<0.001

Adrume 7.11 1090 20 23.5 0.038 300 0.115 0.003 137 48.6 366 0.12 102 5.6 103 18.5 1.68 <0.001 333.3 550
0.167

Tadzi 6.95 770 5 4.8 0.017 242 0.288 <0.001 53.6 54 295 0.288 39.5 5.8 54.5 35.4 0.39 0.025 282 389
0.437

Dzove 6.89 1960 <5.00 0.7 0.025 308 0.141 0.001 307 236 376 0.127 181 4.2 80.16 72 0.02 0.024 496.7 940
0.001

Dzove 7.06 1490 <5.00 0.6 0.009 362 0.149 <0.001 162 138 442 0.236 155 3.1 46.8 51.8 0.001 0.034 330 750
0.018

Dekpor Yia 5.4 1630 <5.00 0.9 <.001 48 324 <0.001 223 111 58.6 <0.001 138 40.2 104 39.7 <0.010 0.14 424 824
<0.001

Deme 6.2 570 <5.00 0.4 <0.001 100 57.3 <0.001 60.8 14.7 122 <0.001 34 2.8 35.3 <0.01 <0.011 <0.010 176 300
<0.001

Kpelikope 6.7 1300 <5.00 0.5 <0.001 232 15.8 <0.001 157 30.4 283 <0.001 41.6 3.99 157 13.4 0.02 <0.010 448 653
<0.001

Tornu Mlianu 6.3 1210 <5.00 0.4 0.45 192 127 <0.001 153 43.9 234 <0.001 78.8 7.35 73.7 44.6 0.05 0.02 368 634
1.2

Tornu Mlianu 6.6 940 <5.00 0.4 0.45 260 46.1 <0.001 72.5 54.3 317 <0.001 108 11 48 32 0.01 0.42 252 564
0.1

Dorwuime 6.8 2460 <5.00 0.6 <0.001 764 92.3 <0.001 347 92.6 932 <0.001 196 15.3 140 121 0.16 0.18 848
1238 <0.001

Tsiaveme-Lormnava 6.6 2340 <5.00 0.5 <0.001 516 180 <0.001 428 30.7 629 <0.001 135 13.6 143 183 0.05 0.07 1108
1172 0.6

NA: Not available
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TABLE 2 

Water quality of Akatsi District, Volta Region

Parameter
Site name pH Cond. Colour Turb PO4 Total alk. NO3- NO2-N Cl- SO42- HCO3- NH3-N Na+ K+ Ca2+ Mg2+ Tot. Fe2+ Mn2+ Tot. Hard. TDS

F-
pH-unit (µs/cm) Hz (NTU) mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
mg/l

Avenorpedo 6.1 370 <5.00 1 0.9 24 7.6 <0.001 59.6 7.9 30 <0.001 14.3 0.2 16 9.7 0.07 0.06 80 185
0.1

Dzuepe Gbodome 7.3 860 5 3.2 0.11 268 0.5 0.68 85.5 12.4 327 0.015 40.4 5.37 86.6 13 3.12 0.14 300 430
0.3

Old Afiadenyigba 7.35 970 <5.00 0.46 0.016 465 0.14 0.009 55.6 12.5 567 0.474 110 8.81 36.1 40.1 0.093 0.14 255 435
0.3

Ave Dzadzepe 6.6 760 <5.00 0.45 0.11 190 0.171 0.001 52.6 21.8 232 0.053 16 5.43 40.1 29.1 0.032 <0.010 220 380
<0.001

Dzrekope 7.31 2160 <5.00 0.42 0.01 260 0.972 0.032 233 66.3 317 0.461 105 10.1 68.1 69.6 0.01 0.083 456 1080
0.2

Agornu kporklote 6.7 2440 <5.00 0.66 <0.010 364 0.991 0.129 268 88.9 444 0.304 93.8 10.3 132 52.1 0.01 1.45 545 1225
0.08

Agornu kporklote 7.39 3260 <5.00 0.75 <0.010 292 0.1 0.076 586 49.5 356 0.1 124 13.3 138 121 0.19 0.24 845 1630
0.04

Abadzivorkope 6.4 640 <5.00 0.72 <0.010 114 0.437 0.007 44.7 18.8 139 0.01 17.8 4.84 36.1 19.4 0.03 0.036 170 320
0.224

Agbalixorme 6.08 640 <5.00 0.62 0.032 104 0.202 0.007 56.6 18.8 127 0.202 38 3.88 24 15.8 0.026 0.04 125 320
0.176

Dawlo 7.02 1130 5 2.25 <0.010 268 1.24 0.006 99.3 74.4 327 0.263 17.5 2.53 170 16.8 0.098 0.022 475 565
0.472

Torve 7.02 6440 <5.00 0.53 <0.010 620 0.463 0.116 992 41.8 756.4 2.09 471 6.1 246 139 0.047 0.011 1190 3220
0.655

Agbagblakorpe 6.15 270 5 2.89 0.131 46 0.353 0.06 38.7 25.6 56.1 0.127 11.5 0.89 20 6.1 0.822 0.052 75 165
0.096

Dzuepe Atsiame 5.75 170 5 3 0.037 30 0.347 0.006 6 7.56 36.6 0.257 2.34 0.7 12.8 2.9 0.026 0.194 44 80
0.038

Dagbamatey 6.07 470 <5.00 1 <0.010 30 0.481 0.012 90.3 7.94 36.6 0.427 38 1.09 23.2 9.2 0.026 <0.010 96 280 
0.091

Lume Avete 5.83 990 <5.00 2 0.144 74 0.769 0.014 163 50.3 90.3 0.345 79.2 5.81 48.1 20.6 0.044 0.206 206 540
0.326

Asafoatsi 
   Amenopekope 6.27 760 <5.00 1.13 0.031 98 0.755 0.018 92.3 39.8 120 0.611 55.5 4.95 30.1 20.6 0.035 3 160 380

0.278
Asafoatsi Dagbakope 6.94 760 <5.00 0.41 0.06 234 0.358 0.008 91.3 20.3 285.5 0.236 60.1 6.97 48.1 31 0.025 0.01 248 380

0.262
Ave Dakpa 7.26 880 5 2.44 0.051 122 0.475 0.004 180 51.4 148.8 0.012 78.2 3.88 52.1 32.7 0.654 <0.010 265 440

0.268
New Afiadenyigba 6.47 460 <5.00 0.64 0.135 135 0.266 0.032 64.5 4.38 165 0.013 37.5 2.83 48.1 1.2 0.105 0.06 125 230

0.23
Adidokpui 6.96 1920 5 8.9 <0.001 455 0.13 <0.001 208 196 555 0.604 194 9.96 126 54.5 0.251 0.081 540 960

0.06
Ave Kpedunoe 6.74 1960 5 1.8 0.094 180 0.59 0.011 328 141 220 0.42 25 10.1 136 76.4 0.321 0.33 655 985

0.05
Zemutekpa-kope 6.9 1430 <5.00 1 <0.001 200 88.3 <0.001 157 14.6 244 <0.001 35.7 4.5 99.4 47.5 0.05 0.01 444 723

0.04
Dagbamatey 5.9 510 <5.00 1.54 <0.001 34 56.6 <0.001 97.2 9.2 41.5 0.035 38.5 1.03 24 17 0.2 0.03 130 250

<0.001
Agbanukope 6.55 1120 <5.00 0.54 0.017 164 0.412 0.012 189 75.5 200 <0.001 107 6.1 52.1 23 0.06 0.02 225 560

0.384
Alagbokope 6.68 530 <5.00 0.77 0.03 164 0.177 0.072 43.7 15.2 200 <0.001 35 5.04 20 21.8 0.02 0.058 140 265

0.193
Dawlo 7.33 640 5 2.44 <0.001 252 0.601 0.009 31.8 10.5 307 <0.001 11.6 1.47 94.6 8.1 <0.010 0.011 270 320

0.239
Agbonodo 7.24 2720 5 8.99 <0.001 328 0.01 0.01 81.4 152 400.2 0.059 12.6 13.5 158 52.1 1.824 0.284 610 1360

0.598
Ave Atanve 7.19 1850 <5.00 0.59 <0.001 270 0.621 0.02 181 176 329.4 0.059 178 20 104 59.4 0.11 1.56 380 925

0.836
Kpodzi Matsrikasa 7.1 2600 <5.00 0.72 <0.001 486 1.71 0.024 367 73.8 529.9 0.127 177 12.6 64.1 111.7 0.044 0.29 620 1300

0.425
Agbaflome 7.1 1540 <5.00 1.2 <0.001 116 127 <0.001 233 26.6 142 0.056 38.2 4.48 162 13.4 0.03 0.03 460 780

<0.001
Agornu kporklote 6.46 1570 <5.00 0.45 <0.001 252 0.625 0.031 184 40.7 307 <0.001 116 4.59 52.1 27.9 0.01 1.45 245 785

0.06
Adzikame 7.1 2240 <5.00 0.5 <0.001 364 8.3 <0.001 78.3 19.1 444 <0.001 69.2 2.1 86.6 42.7 0.1 0.19 392 1125

0.1
Ave Havi 6.4 1870 <5.00 0.7 <0.001 188 475 <0.001 161 80 229 0.055 76 10.2 125 103.9 <0.010 0.01 740 940

0.11
Torve 6.99 2400 <5.00 0.9 0.16 304 313 <0.001 268 107 371 0.051 200 10.9 136 77.6 <0.010 0.01 304 1230

1.3
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TABLE 3
The mean values and range of the water quality of the boreholes in the Akatsi and Ketu districts.

Parameter                                                     Akatsi                                                    Ketu
Mean Range Mean Range

pH-unit 6.73 5.75-7.39 6.5 5.14-7.15
Conductivity (us/cm) 1450.88 170-6440 1737.1 420-5180
Turbidity (NTU) 1.64 0.41-8.99 2.65 0.4-23.5
PO4 (mg/l) 0.12 0.01-0.9 0.11 0.001-0.6
Total alkalinity (mg/l) 220.44 24-620 262.52 16-764
NO2-N (mg/l) 0.05 0.001-0.68 0.006 0.001-0.017
NO3-N (mg/l) 32.05 0.01-475 29.99 0.01-324
Cl- (mg/l) 172.64 6.0-992.6 246.68 42.1-1260
SO4

2- (mg/l) 51.69 4.38-196 144.85 12.2-920
HCO3- (mg/l) 267.1 30.0-756. 306.2 19.5-935
NH3-N  (mg/l) 0.28 0.01-2.09 0.31 0.052-1.1
Na+ (mg/l) 80.12 2.34-471 140.75 24.1-668
K+ (mg/l) 6.31 0.2-20 7.1 1.0-40.2
Ca2+ (mg/l) 79.9 12.8-246. 107.5 19.2-361
Mg2+ (mg/l) 40.79 1.2-139 47.39 4.3-183
Tot. Fe2+ (mg/l) 0.27 0.01-3.12 0.35 0.001–1.94
Mn2+ (mg/l) 0.33 0.01-3.0 2.35 0.005-42.6
Tot. hardness (mg/l) 353.97 44.0-1190 443.88 86-1420
TDS (mg/l) 729.21 80-3220 869.03 230-2600
F- (mg/l) 0.28 0.04-1.3 0.26 0.001-1.5
                                                                     

TABLE 4            
Water quality of the ground waters of the Akatsi and Ketu districts compared with the limits recommended for drinking waters

Parameter Akatsi Ketu WHO GWCL 
District District Guideline Guideline

pH-unit 6.73 6.5 6.5-8.5 6.5-8.5
Conductivity (us/cm) 1450.88 1737.1
colour (Hz) Nd Nd 15 0-15.0
Turbidity (NTU) 1.64 2.65 5 0-15.0
PO4 (mg/l) 0.12 0.11
Total alkalinity (mg/l) 220.44 262.52
NO2-N (mg/l) 0.05 0.006 0-0.3
NO3-N (mg/l) 32.05 29.99 10 0-10.0
Cl- (mg/l) 172.64 246.68 250 0-600
SO4

2- (mg/l) 51.69 144.85 250 0-400
HCO3- (mg/l) 267.1 306.2
NH3-N  (mg/l) 0.28 0.31 0-0.5
Na+ (mg/l) 80.12 140.75 200
K+ (mg/l) 6.31 7.1 30
Ca2+ (mg/l) 79.9 107.5 200
Mg2+ (mg/l) 40.79 47.39 150
Tot Fe2+ (mg/l) 0.27 0.35 0.3 0-0.3
Mn2+ (mg/l) 0.33 2.35 0.5(P)
Tot Hardness (mg/l) 353.97 443.88
TDS (mg/l) 729.21 869.03 1000 1000
F- (mg/l) 0.28 0.26 1.5 0-1.5

Nd: Not determined

General characteristics
pH. The pH of the boreholes in the Akatsi District varied from 5.75 to 7.39 whilst boreholes in the Ketu District 

recorded pH varying from 5.14 to 7.15. Boreholes in both districts generally had pH values within the range of 6–9 
pH range of natural waters (Stumn & Morgan, 1981) and did not vary significantly, although the boreholes sampled at 
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Dzuepe Atsiame (pH 5.75), Lume Avete (pH 5.83) and Dagbamatey (pH 5.9) in the Akatsi District, and Afife (pH 
5.79), Blamezado (pH 5.6), Agblekpui (pH 5.14) and Dekpor Yia  (pH 5.4) in the Ketu District were slightly acidic. 
The box plot (Fig. 2) of the two districts indicates that Ketu District recorded the minimum pH value, while Akatsi 
District recorded the maximum pH value with a slightly higher median pH value.
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Fig. 2. Variations of pH (pH units) in the groundwaters of the Akatsi and Ketu districts

Conductivity. The conductivity of groundwater in the two districts is within the limits of acceptable standards for 
drinking and domestic water and did not vary significantly. Boreholes in the Akatsi District recorded conductivity 
values varying from 170 to 6440 mS/cm with a mean of 1451 mS/cm, whilst boreholes in the Ketu district recorded 
conductivity values varying from 420 to 5180 mS/cm with a mean of 1737 mS/cm. The box plot (Fig. 3) of the two 
districts indicates that Akatsi District recorded the minimum conductivity value, while Ketu District recorded the 
maximum conductivity value with a higher median conductivity value.
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Fig. 3. Variations of conductivity (uS/cm) in the groundwaters of the Akatsi and Ketu districts

Turbidity and TDS.  Tables 1 and 2 show that the turbidity values in the two districts are within the limits of 
acceptable  standards  for  drinking  and  domestic  water  except  for  the  boreholes  at  Agbonodo  (8.99  NTU)  and 
Adidokpui (8.9 NTU) in the Akatsi District and Afife (5.9 NTU), Detokope (13.2 NTU) and Adrume (23.5 NTU) in 
the Ketu District, which recorded turbidity values outside acceptable limits. The turbidity values in the Akatsi District 
varied from 0.41 to 8.99 NTU with a mean of 1.64 NTU, whilst the Ketu District recorded turbidity values varying 
from 0.4 to 23.5 NTU. The box plot (Fig. 4) indicates that both districts had almost the same minimum turbidity 
concentrations. However, Ketu district recorded the highest turbidity concentration.  
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Fig. 4. Variations of turbidity (NTU) in the groundwaters of the Akatsi and Ketu districts

TDS is a common indicator of polluted waters. As shown in Table 4, the maximum acceptable limits for TDS in 
drinking waters by WHO (1993) and GWCL guideline is 1000 mg/l. TDS concentrations in the groundwater of the 
Akatsi District varied from 80 to 3220 mg/l with a mean value of  729.21 mg/l, whilst the Ketu District recorded TDS 
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concentrations varying from 230 to 2600 mg/l with a mean value of 869 mg/l.  Although TDS concentrations of 
groundwater from many parts  of the two districts  are within the limits  of acceptable standards for  drinking and 
domestic water, boreholes at Dzrekope (1080 mg/l), Agornu Kporklote (1225 and 1630 mg/l), Torve (3220 mg/l), 
Agbonodo (1360 mg/l), Kpodzi Matsrikasa (1300 mg/l), Adzikame (1125 mg/l) and, Atiglime (1230 mg/l ) in the 
Akatsi District, and Ativedomekofe (1130 mg/l), Detokope (1978 mg/l), Zuime (2190 mg/l), Dekpor-Dome (1765 and 
2600 mg/l), Dorwuime (1238 mg/l) and Tsiaveme-Lormnava (1172 mg/l) in the Ketu District recorded concentrations 
higher than acceptable limits.  

TDS concentrations at Torve in the Akatsi District and Dekpor-Dome in the Ketu District not only exceeded the 
maximum acceptable limits but also greater than 2450 mg/l, considered to be the critical value above which some 
long-term health problems might be anticipated due to excessive concentrations of dissolved particles in the water 
(Kempster et al., 1997). The box plot (Fig. 5) of the two districts indicates that Akatsi District recorded the minimum 
TDS  concentration  while  Ketu  District  recorded  the  maximum  TDS  concentration  with  a  higher  mean  TDS 
concentration.
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Fig. 5. Variations of TDS (mg/l) in the groundwaters  of the Akatsi and Ketu districts

Total alkalinity and total hardness
The alkalinity of groundwater in the two districts is within the limits of acceptable standards for drinking and 

domestic water and did not vary significantly. The Akatsi District recorded alkalinity values varying from 24 to 620 
mg/l with a mean value of 220.4 mg/l whilst boreholes in the Ketu District recorded alkalinity values varying from 16 
to 764 mg/l with a mean value of 262.5 mg/l. The box plot (Fig. 6) of the two districts shows that Ketu District  
recorded  both  the  minimum and maximum values  with  a  higher  median  alkalinity  value,  while  Akatsi  District 
recorded concentrations within the range of concentrations in the Ketu District. 
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Fig. 6. Variations of alkalinity (mg/l) in the groundwaters of the Akatsi and  Ketu districts

Groundwater of the two districts are generally soft, although boreholes at Agornu Kporkplote (545 mg/l and 845 
mg/l), Torve (1190 mg/l), Adidokpui (540 mg/l), Ave Kpedunoe (655 mg/l), Agbonodo (610 mg/l), Kpodzi 
Matsrikasa (620 mg/l) and Ave Havi (740 mg/l) in the Akatsi District,  and  Agorvi  (580 mg/l and 1420 mg/l), 
Torviga  (556  mg/l),  Detokope  (550  mg/l),  Dekpor-Dome  (708  mg/l  and  960  mg/l),  Dorwuime (848  mg/l)  and 
Tsiaveme-Lormnava (1108 mg/l) in the Ketu District recorded concen-trations higher than acceptable limits.

Water hardness in the Akatsi District varied widely with values ranging from 44 to 1190 mg/l and mean 354 mg/l. 
However, boreholes in the Ketu District recorded a narrower range of values from 86 to 1420 mg/l with a mean value 
of 443.88 mg/l. The box plot (Fig. 7) of water hardness of the two districts shows that Akatsi District recorded both 
the minimum and maximum hardness concentrations while Ketu District recorded hardness concentrations within the 
range of concentration in the Akatsi District. This result explains the presence of higher concentration of dissolved Ca 
and Mg in the groundwater of the Ketu District than in the Akatsi District as presented in the mean and range values 
(Table 3).
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Fig. 7. Variations of hardness (mg/l) in the groundwaters of the Akatsi and Ketu districts

The micronutrients 
The amounts of nitrate, nitrite and ammonia present in natural waters in the form of nitrogen are of great interest 

because of their nutrient levels. NH
3
-N, NO

3
-N and NO

2
-N are considered to be non-cumulative toxins (Dallas & Day, 

1993). When present in high concentrations, NO
3
-N and NO

2
-N may give rise to potential health risks, particularly in 

pregnant women and bottle-fed infants (Kempster  et al., 1997; Kelter  et al., 1997; Cotruvo, 1988; Bush & Mayer, 
1982). NO

2
-N poisoning causes the blue baby syndrome (methaemoglobinaemia). Unconfirmed scientific reports also 

indicate that livestock can also be affected by nitrite poisoning (Kelter et al., 1997). At elevated concentrations, NO
3
-

N is also known to result in cyanosis in infants (Comly, 1945). Ammonia is naturally present in surface water and 
groundwater, and can be produced by the de-amination of organic nitrogen containing compounds. It can also be 
produced from the hydrolysis of urea. The problem of taste and odour may, however, arise when the NH

3
-N level is 

greater than 2 mg/l. Above 10 mg/l, appreciable amounts of NO
3
-N may be produced from NH

3
-N under suitable 

anaerobic conditions (WHO, 1993; Kempster et al., 1997). 
The mean concentrations and ranges of these micronutrients are listed in Table 3. Groundwater in both districts had 

very low concentrations of NO
2
-N. NH

3
-N concen-trations in the two districts were also generally low, although 

Torve (2.09 mg/l) in the Akatsi District and Torvi-ga (1.1 mg/l) in the Ketu District recorded concentrations higher 
than acceptable limits. The concentrations of NO

3
-N in both districts were within acceptable Ghana Water Company 

Limited (GWCL) limits (0–10 mg/l), although Dekpor Yia (324 mg/l), Deme (57.3 mg/l), Dekpor-Dome (22.2 mg/l), 
Dorwuime (92.3 mg/l) and Tsiaveme-Lormnava (18 mg/l) in the Ketu District, and Zemutekpakofe ( 88.3 mg/l), 
Dagbamatey (56.6 mg/l), Agbaflome (127 mg/l), Ave Havi (475 mg/l) and Torve (313 mg/l) in the Akatsi District 
recorded concentrations higher than the acceptable limits. 

Chloride ion content 
Groundwater in the two districts were characterised by low chloride concentra-tions. According to the classification 

of Dallas & Day (1993), Cl- ions are non-cumulative toxins, an excessive amount of which, if taken over a period of 
time, can constitute a health hazard (WHO, 1984 and 1993). As can be observed in Tables 1 and 2, the Cl- levels in 
the two districts were low, although  Torve (992.6 mg/l), Ave-kpedunoe (328 mg/l) and Kpodzi Matsrikasa ( 367.8 mg/l) in the 
Akatsi District, and Detokope (1260 mg/l), Zuime (665 mg/l), Blamezado (383 mg/l), Agblekpui (340 mg/l), Dzove 
(307 mg/l), Dekpor Dome (328 mg/l and 718 mg/l), Dorwuime (347 mg/l) and Tsiaveme-Lormnava (428 mg/l) in the 
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Ketu District recorded concentrations higher than acceptable limits. The box plot (Fig. 8) of the two districts indicates 
that Akatsi District recorded the minimum chloride ion concen-tration, while Ketu District recorded the maximum 
chloride ion concentration with a slightly higher median chloride ion concentration.
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Fig. 8. Variations of chloride (mg/l) in  the groundwaters of the Akatsi and Ketu districts

Fluoride ion content 
Groundwater in the two districts were characterised by low fluoride ion concentra-tions and fell within WHO and 

GWCL  acceptable  limits  of  drinking  and  potable  water  (1.5  mg/l).  The  Akatsi  District  recorded  fluoride 
concentrations ranging from 0.04 to 1.3 mg/l with a mean value of 0.28 mg/l whilst boreholes from the Ketu District 
recorded fluoride concentrations ranging from 0.001 to 1.5 mg/l with a mean value of 0.26 mg/l. The box plot (Fig. 9) 
of the two districts shows that Ketu District recorded the minimum fluoride ion concentration, while Akatsi District 
recorded the maximum fluoride ion concentration with a higher median fluoride ion concentration. 
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Fig. 9. Variations of fluoride (mg/l) in the groundwaters of the Akatsi and Ketu districts

Sulphate and phosphate contents
Groundwater from the Akatsi District generally had low SO

4
2- ion concentrations ranging from 4.38 to 196 mg/l 

with a mean value of 55 mg/l. Boreholes from the Ketu District also had low concentrations of SO
4
2- ions ranging 

from 12.2 to 920 mg/l with a mean value of 145 mg/l, although Agorvi (920 mg/l) and Dekpor-Dome (768 mg/l) 
recorded concentrations higher than acceptable limits. The box plot (Fig. 10) of the two districts shows that Akatsi 
District recorded the minimum sulphate ion concentration, while Ketu District recorded the maximum sulphate ion 
concentration with a slightly higher median sulphate ion concentration.  
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Fig. 10. Variations of sulphate (mg/l) in the groundwaters of the Akatsi and Ketu districts

Phosphate ion concentrations in the Akatsi and Ketu districts were appreciably low and fell within acceptable limits 
of drinking and potable water. Phosphate levels varied from 0.01 to 0.9 mg/l with a mean value of 0.12 mg/l in the 
Akatsi District. Boreholes in the Ketu District, however, recorded phosphate concentrations ranging from 0.001 to 0.6 
mg/l with a mean value of 0.11 mg/l. The box plot (Fig. 11) of the two districts shows that Ketu District recorded the 
minimum phosphate ion concentration, while Akatsi District recorded the maximum phosphate ion concentration with 
a slightly higher median phosphate ion concentration. This could be due to relatively stronger correlations between 
the ions that constitute the minerals of the aquifer in the Akatsi District.
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Fig. 11. Variations of phosphate (mg/l) in the groundwaters of the Akatsi and Ketu districts
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Sodium ion contents

Groundwater  in  the  Akatsi  and  Ketu  districts  had  appreciably  low  sodium ion  levels  and  fell  within  WHO 
maximum acceptable limits for drinking and potable water (200 mg/l), although Detokope (600 mg/l), Zuime (291 
mg/l),  Dekpor-Dome  (668  mg/l)  and  Torve  (471  mg/l)  in  the  Akatsi  District  recorded  values  higher  than  the 
acceptable limits.  Tables 1 and 2 show sodium ion levels in the ground waters of the Ketu and Akatsi districts, 
respectively. The box plot (Fig. 12) of the two districts shows that Akatsi District recorded the minimum sodium ion 
concentration, while Ketu District recorded the maximum sodium ion concentration with a slightly higher median 
sodium ion concentration.
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Fig. 12. Variations of sodium (mg/l) in the groundwaters of the Akatsi and Ketu districts.                                                                        

Potassium ion contents 
The Akatsi and Ketu districts had low potassium ion concentrations and fell within WHO maximum acceptable 

limits for drinking and potable water (30 mg/l) although Dekpor Yia (40.2 mg/l) in the Ketu District recorded values 
higher than the acceptable limits . Tables 1 and 2 show potassium ion levels in the ground waters of the Ketu and 
Akatsi districts, respectively. The box plot (Fig. 13) of the two districts shows that boreholes in the Akatsi District 
recorded  the  minimum potassium ion  concentration,  while  Ketu  District  recorded  the  maximum potassium ion 
concentration with a slightly higher median potassium ion concentration.
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Fig. 13. Variations of potassium (mg/l) in the groundwaters of the Akatsi and Ketu districts

Calcium and magnesium ion contents 
No evidence of adverse health effects specifically attributable to calcium and magnesium in drinking water has 

been established. However, undesirable effects due to the presence of calcium and magnesium in drinking water may 
result from their ability to render water hard. Groundwater in the Akatsi and Ketu districts were characterised by low 
calcium ion concentrations and fell within the WHO maximum acceptable limits for drinking and potable water (200 
mg/l) although Agorvi (361 mg/l) and Dekpor-Dome (281 mg/l) in the Ketu District, and Torve (246.5 mg/l) in the 
Akatsi  District  recorded values  higher  than the acceptable  limits.  Calcium concen-trations  in  the  Akatsi  District 
ranged from 12.8 to 246.5 mg/l with a mean value of 79.9 mg/l. 

The Ketu District recorded calcium values ranging from 19.2 to 361 mg/l with a mean value of 107.5 mg/l. The box 
plot (Fig. 14) of the two districts shows that Akatsi District recorded the minimum calcium ion concentration, while 
Ketu  District  recorded  the  maximum  calcium  ion  concentration  with  a  slightly  higher  median  calcium  ion 
concentration. 
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Fig. 14. Variations of  calcium (mg/l) in the groundwater’s of the Akatsi and Ketu districts

The boreholes in the Akatsi and Ketu districts were also characterised by low magnesium ion concentrations and 
fell within the WHO maximum acceptable limits for drinking and potable water (150 mg/l), except at Tsiaveme-
Lormnava (183 mg/l) in the Ketu District.  The box plot (Fig. 15) of the two districts shows that Akatsi District 
recorded the minimum magnesium ion concentration, while Ketu District  recorded the maximum magnesium ion 
concentration with a slightly higher median magnesium ion concentration.
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Fig. 15.Variations of magnesium (mg/l) in the groundwaters of the Akatsi and Ketu districts
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Iron contents
The groundwater in the Akatsi and Ketu districts were characterised by low iron concentrations and fell within the 

WHO maximum acceptable limits for  potable and domestic water (0.3 mg/l), although Afife (1.51 mg/l), Tsyinu 
(0.335 mg/l), Kuli (0.387 mg/l), Kpoglu (0.54 mg/l), Gbegbekope (0.69 mg/l), Agblekpui (1.94 mg/l), Adrume (1.68 
mg/l), Tadzi (0.39 mg/l), Ativekofe Yiame (0.334 mg/l) in the Ketu District, and Dzuefe Gbodome (3.12 mg/l) and 
Agbonodo (1.8 mg/l) in the Akatsi District recorded values higher than the acceptable limits. Iron concentrations in 
the Akatsi District ranged from 0.01 to 3.12 mg/l with a mean value of 0.27 mg/l. Boreholes from the Ketu District 
recorded iron values ranging from 0.001 to 1.94 mg/l with a mean value of 0.35 mg/l. The box plot (Fig. 16) of the 
two districts shows that Ketu District recorded the minimum Fe concentration, while Akatsi District recorded the 
maximum Fe concentration with a higher median Fe concentration.
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Fig. 16. Variations of iron (mg/l) in the groundwaters of the Akatsi and Ketu districts

Manganese ion contents
Tables 1 and 2 show that the manganese values in the two districts is within the limits of acceptable standards for 

drinking and domestic water (0.3 mg/l), although Devego (11 mg/l), Tornu Mlianu (0.42 mg/l), Torviga (42.6 mg/l) 
and Zuime (0.85 mg/l) in the Ketu District, and Agornu Kporklote (1.45 mg/l), Ave Kpedunoe (0.33 mg/l), Ave 
Atanve (1.56  mg/l)  and  Agornu Kporklote  (1.45  mg/l) in the Akatsi District recorded values higher than the 
acceptable limits. Boreholes from the Ketu District recorded manganese concentrations ranging from 0.005 to 42.6 
mg/l with a mean value of 2.35 mg/l whilst boreholes from the Akatsi District recorded manganese concentrations 
ranging from 0.01 to 3.0 mg/l with a mean value of 0.33 mg/l. 

Correlation analyses between Mn2+ and SO
4
2-, and Fe2+ and SO

4
2- for both Akatsi and Ketu districts (Fig. 17a–b and 

18a–b) showed a negative correlation between Fe2+ and SO
4
2- in the Ketu District and a weak positive correlation 

between Fe2+ and SO
4
2- in the Akatsi District. The weak positive correlation between Fe2+ and SO

4
2- in the Akatsi 

District  could  be  due  to  the  dissolution  of  the  minerals  in  the  aquifer.  The  low  levels  Fe2+ and  SO
4
2- in  the 

groundwaters of both districts could be due to reducing conditions within the aquifer. H
2
S precipitates forming a more 

stable iron sulphide (FeS
2
). Fe2+ and Mn2+ can also act as redox couples.  
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Fig. 17a-b.  Scatter plots showing correlations between Mn2+ and SO4
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2- in groundwater in the Ketu district
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Fig. 18 a-b. Scatter plots showing correlations between Mn2+ and SO4
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2- in groundwater in the Akatsi District

Mn is reduced, Mn 4+ Mn2+ , and Fe is oxidised, Fe2+ Fe3+. 
Fe3+ can precipitate as, for example, in ferryhydrite which can act as a sink for Fe (tot). Another reaction which could 
possibly govern the concentration of Fe2+ is precipitation of siderite (FeCO

3
). This is not the case for Mn2+ and SO

4
2-, 

as magnesium sulphides are much more soluble. Both the Akatsi and Ketu districts showed weak positive correlations 
between Mn2+ and SO

4
2-. The positive trend between Mn2+ and SO

4
2- could be due to dissolution of the minerals in the 

aquifer.
Correlation analyses between Ca2+ and Fe2+, and Ca2+ and Mn

4
2+ for both Akatsi and Ketu districts (Fig. 19a-b and 

20a-b) showed  a weak positive correlation between Mn and Ca, and a weak negative correlation between Ca and Fe 
in the Ketu District. On the contrary, the Akatsi District showed a weak negative correlation between Mn and Ca, and 
a weak positive correlation between Ca and Fe. This could indicate that Fe is replaced by Ca at cation exchange sites, 
but not Mn in the groundwaters of the Ketu District while Mn is replaced by Ca at the cation exchange sites, but not 
Fe in the groundwaters of the Akatsi District.  The correlation between Mn and Ca in the Ketu District  and that 
between Ca and Fe in the Akatsi District could be due to the dissolution of these minerals within the aquifer.    
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Fig. 19a-b. Scatter plots showing correlations between Ca2+ and Fe2+, and Ca2+ and Mn4

2+ in groundwater in the Ketu District
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Fig. 20a-b.  Scatter plots showing correlations between Ca2+ and Fe2+, and Ca2+ and Mn4
2+ in groundwater in the Akatsi District

Calcium shows positive correlations between pH and HCO
3
- for both districts (Fig. 21a-b and 22a-b). This could 

indicate that the origin of Ca in the aquifers of both districts is the presence of CaCO
3
. Correlation analyses between 

HCO
3
- and other major ions in both districts showed the following R2 values; 0.0193, 0.2531, 0.0085, 0.0193 for Na, 

Mg, Mn and K, respectively, in the aquifers of the Ketu District, and 0.0002, 0.5215, 0.2767, 0.4548 for Mn, Na, K 
and Mg, respectively,  in  the aquifers of  the  Akatsi  District.  Though weak,  these values (R2 values)  indicate the 
presence of minerals containing these cations which contributes to cations in the groundwaters of the two districts.
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Fig. 21a–b. Scatter plots showing correlations between pH and Ca 2+, and HCO3
2-and Ca2+ in ground-waters in the Ketu District
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Fig. 22a–b: Scatter plots showing correlations between pH and Ca 2+, and HCO3- and Ca2+ in groundwater in the Akatsi District

Conclusion
The study indicates that the groundwaters of the Akatsi and Ketu districts are generally soft and mineralized. Most of 
the physical and chemical constituents of the ground-waters of the districts were generally within acceptable limits for 
drinking purposes. However, the concentrations of TDS and NH

3
-N in some boreholes in both districts were above the 

maximum acceptable limits for drinking water. These parameters should be monitored over a period of time because 
of possible threats to health at elevated concentrations.

SO
4
2- and Cl- ion concentrations in some boreholes in both districts were at such elevated levels that serious health 

effects  and  risks  might  arise  after  prolonged  and  continuous  intake.  The  results  also  showed  that  NO
3
-N 

concentrations in some boreholes in the two districts were present at elevated levels (above 10 mg/l) and might cause 
cyanosis  in  infants.  Generally,  the  Ketu  District  tended  to  have  higher  concentrations  of  the  physico-chemical 
parameters  considered in  this  study.  This  could  be  due to  relatively stronger  correlations  between the  ions  that 
constitute the minerals of the aquifer in the Akatsi District.
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Groundwater Quality in the Wassa West District of the Western Region of 
Ghana
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Abstract
Reconnaissance hydrochemical survey of 56 wells was conducted in the Wassa West District with the objective of providing baseline data for 
the establishment of groundwater quality monitoring stations. The data acquired is used in this paper to assess the quality of groundwater in the 
District. Groundwaters are mainly mildly aggressive with pH values in the range 4.5–6.9. However, a few of the boreholes show strong acidic 
character (pH range 3.7–4.0). The conductivity values are in the range 37–780 µS cm-1 with a mean 246.4 µS cm-1 suggesting the groundwaters 
are generally fresh and have short residence time. The groundwaters are moderately hard to very hard with only 40% of the samples representing 
soft waters. Groundwater quality is excellent with respect to major ions (Ca2+, Mg2+, Na+, HCO3

-, SO4
2-, Cl-) as they fall below their respective 

WHO guideline limits for water potability. Uncharacteristic of mining areas, trace metals loading of the groundwaters are generally low. All 
except aluminum, arsenic, barium, iron, manganese, mercury and nickel have concentrations well below the WHO guideline limits for water 
potability. Aluminum (0.0–2.5 mg l-1), iron (0.0–18.3 mg l-1) and manganese (0.0–2.41 mg l-1) are higher than WHO guideline limits of 0.2 mg l-

1, 0.3 mg l-1 and 0.5 mg l-1 in more than 20%, 40% and 25% of the wells, respectively, and, therefore, pose significant aesthetic quality problems 
to groundwater quality. Mercury concentration exceeds the WHO guideline limit of 0.001 mg l -1 in all the wells during the rainy season and, 
thus, poses the greatest physiological threat for groundwater usage for drinking purposes in the District. Arsenic and barium exceeded the WHO 
guideline limit in less than 5% of the wells. Aesthetic problems can be eliminated using iron removal plants or aerators. These will induce the 
co-precipitation of trace metals with ferric oxyhydroxide. Limiting mercury usage in mining will curtail physiological problems.

Introduction
Wassa West District extends approximately from 10 541 to 20 111 W and from 50 061 to 50 351 N (Fig. 1). It lies along 
the main gold belt of Ghana that stretches northeastwards from Axim in the southwest to Agogo in the northeast 
(Marston  et al., 1993; Agyapong  et al., 1993; Acquah, 1992) and, thus, one of the main gold mining districts of 
Ghana. Gold is not the only mineral mined in this District. The main manganese mines in Ghana, as well as some 
diamond mines, are also found in the District (Appiah  et al., 1993). Thus, the District is socio-economically very 
important to Ghana.
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Fig. 1. Location map of the Wassa West District showing the sampling locations 

Surface waters (rivers and streams) used to be the main source of drinking water in the District. However, recent 
studies have shown that most of the surface waters are polluted and unsafe for drinking purposes as a result of the 
intense mining activities. For instance, River Ankobra that is the major river that drains the District is regarded dead 
due to its high level of pollution (WRRI, 1986). Increasingly realising that the surface waters are somewhat polluted, 
the Government of Ghana and some major mining companies operating in the District provide boreholes as alternative 
source of drinking water. The number of boreholes and hand-dug wells keep increasing annually to the extent that 
groundwater is becoming the principal and sometimes the only source of drinking water for the communities within 
the Wassa West District. 
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The  increasing  groundwater  usage  is  based  on  the  postulation  that  groundwater  being  precluded  from  the 

atmosphere is less susceptible to pollution. This is true to some extent. However, groundwaters in hard-rock aquifers, 
particularly in mining areas, are known to be vulnerable to quality problems that may have serious impact on human 
health. The rocks are often carbonate-deficient and give rise to poorly buffered water (Smedley et al., 1995). Acid rain 
or CO

2
 waters may encourage dissolution of elements such as Al, Mn, Be, and Fe from most host rocks. For instance, 

Wilson & Hawkins (1978) observed concentrations of As between 240  µg l-1 and 1.2 mgl-1 in the Fairbanks area, 
Alaska. Similarly, William & Smith (1994) reported acid waters draining a gold mining area in Zimbabwe as having 
As concentration of up to 72 mgl-1. 

Smedley  et al.  (1995) stated that many hard rock aquifers contain sulphide minerals  particularly in their vein 
complexes that may include high concentrations of other toxic metals such as As, Sb, Pb and Ba. Oxidation of the 
sulphides may lead to the release of high concentrations of these metals into the groundwater and render it potentially 
dangerous. They went on to state that the occurrence of arsenic in high concentrations would be associated with 
manganese and iron ores especially sulphide minerals such as pyrites. The main gold ore associated with the Birimian 
is refractory quartz-Fe/As sulphide lode gold (Marston  et al., 1993). Junner  et al. (1942) pointed out that pyrite is 
common in many of the igneous rocks and quartz veins that intruded the Birimian and the Tarkwaian rocks in the 
area. Thus, there is the high probability of trace metal pollution of the groundwaters in the Wassa West District 
particularly  the  Birimian rock areas.  It  is  against  this  background that  the  paper seeks  to  examine the physico-
chemical quality of groundwater in the Wassa West District.

Physical settings of the study area
The Wassa West District is underlain by the lower Proterozoic rocks divided into the Birimian and Tarkwaian 

system. The Birimian system is unconformably overlain by the Tarkwaian system.   Sills and dykes of igneous rocks 
ranging  from felsite  and  quartz  porphyry  to  meta-dolerite,  gabbro  and  norite  intrude  into  the  Birimian  and  the 
Tarkwaian system at several places (Junner  et al.,  1942). Geomorphologically, the Wassa West District is highly 
dissected and reduced to uniformly moderate relief with a gentle slope to the south. The mean annual rainfall is 
between 1450 and 2600 mm. The highest mean monthly temperature is approximately 30 °C and occurs between 
March and April whereas the lowest temperature is approximately 26 °C. This occurs in August (Dickson & Benneh, 
1980). The vegetation of the District consists partly of the tropical rain forest and partly of the moist semi-deciduous 
forest. The tropical rain forest occurs in the southwest while the moist semi-deciduous forest covers the remaining 
portion. 

Materials and methods
Water samples were collected from both hand-dug wells and boreholes used for drinking purposes in the Wassa West 
District. In all, about 56 water points were sampled. At each sampling site, two samples were collected, one for metals 
and the other for anions analyses. Each sample was collected in 100 ml acid-washed high-density linear polyethylene 
(HPDE) bottles with strict  adherence to the sampling protocol described by Claasen (1982) and Barcelona  et al. 
(1985). To remove particulate matter from samples, filtering was performed using a Sartorius polycarbonate filtering 
apparatus and a 0.45-µm cellulose acetate filter membrane. The sample meant for metal analyses was immediately 
acidified to a  pH < 2 after filtration using reagent grade nitric acid while those for anion analyses were without 
preservation. 

On-site analyses of temperature, redox potential (Eh), pH and electrical conductivity were conducted using WTW-
Multiline P4 Universal Meter in an anaerobic flow-through cell attached in line to the borehole pump outlet. Prior to 
these analyses, pumping was carried out until stable meter readings for these parameters (pH, Eh, etc.) were obtained. 
This was to avoid the sampling of annulus water that would be in the pump and pump systems. Since the boreholes 
were consistently in use, mean time for clear pumping before sample taking was 5 min.   Alkalinity titration was 
carried out at the wellhead using HACH Digital Titrator Model 16900. All major ions  (Na+, K+, Ca++,  Mg++, HCO

3
-, 

Cl-,  SO
4
2-),  as  well  as  some  trace  elements,  such  as  NO

3
-,  and  F-,  were  analysed  using  Dionex  DX-120  ion 

chromatograph at the Ecological Laboratory, University of Ghana. The analysis of all trace metals was also carried 
out using ICP-MS at the Geological Institute of the University of Copenhagen, Denmark. The ionic balance for the 
analyses varied from –3.0% to 10.8%. However, more than 85% of the analyses have ionic balance within ±5%. Ionic 
balance outside ±5% is largely associated with samples with very low conductivity values (total dissolved solids).
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Results and discussion
Representative chemical data (major ions and selected trace metals) are presented in Table 1. The results show that 
the  ground-waters  in  the  Wassa  West  District  are  generally  within  the  pH  range  4.5–6.9  indicating  that  the 
groundwaters are mildly acidic, probably derived from carbonic acid due to the dissolution of atmospheric CO

2
,
 
or 

CO
2
 generated in the soil zone as a result of the oxidation of soil organic matter (Hounslow, 1995; Langmuir, 1997). 

There are, however, a few boreholes such as 44-I-45-4 and 20-I-89-1 at Odumase and Tamso (Fig.1), respectively, 
that have pH below 4.0 and, thus, indicate strong acidic character. Acidity increases the capacity of the water to attack 
geological materials and leach toxic trace metals into the water making it potentially harmful for human consumption. 
Thus,  the moderate to strong acidity of the groundwaters suggests that the waters are susceptible to trace metal 
pollution if these metals are present in the rock matrix through which the water percolates. 

TABLE 1
Major and minor ions data for representative groundwater samples from the Wassa West District

Location BH No. Temp pH Cond. Alk. TH Ca Mg Na K HCO3 SO4  Cl NO3 F
SiO2

Prestea Gwcc (13) 27 5.58 210 104 64 12.8 7.8 15.8 0.4 127 0.0 23.8 3.2 0.05
40.4

Prestea Gwcc (12) 26.3 5.97 299 148 112 29.7 9.2 14.9 0.3 181 0.0 10.9 0.1 0.21
54.4

Hemang 20-13- 65-4 27.4 5.37 257 52 58 7.2 9.7 18.1 1.6 63 5.5 28.8 5.6 0.1
27.2

Ankobra 050302/B/065-2 26.8 5.74 180 76 52.0 14.5 3.8 12.5 0.2 93 0.0 7.0 1.0 0.4
46.6

Ankobra 050302B/065-1 29.2 5.66 187 116 40 4.8 6.8 9.4 0.6 142 5.3 8.0 0.2 0.02
42.4

Kwame Nirmpa 20-C-01-2 27.3 5.85 339 116 114 36.1 5.8 19.1 0.3 142 17.3 30.8 0.8 0.02
46.9

Odumase 44-I-45-1 26.8 5.7 169 100 36 7.2 4.4 12.2 0.2 122 0.0 8.9 0.1 0.03
38.6

Odumase 44-I-45-4 27.7 3.74 536 0 76 11.2 11.7 40.0 25.0 0 30.2 77.4 4.1 0.5
24.2

Beposo 44-E-73-1 26.9 5.54 204 68 58 18.4 2.9 17.1 0.4 83 0.0 14.9 0.2 0.04
37.6

Beposo 44-E-73-2 27.6 5.72 309 92 62 12.0 7.8 27.2 0.6 112 7.5 30.8 0.0 0.25
42.0

Dauranpong 44-C-32-2 26.7 5.5 105 80 32 4.8 4.9 11.2 0.3 98 0.0 2 0.9 0.06
28.4

Bogoso Clinic 44-I-28-1 27.3 5.75 188 92 76 23.3 4.3 8.1 0.1 112 0.0 6 0.8 0.0
27.0

Insu 47-0-98-1 27.4 5.58 330 48 92 27.3 5.8 20.8 3.3 59 5.0 39.7 2.7 0.03
30.1

Insu 47-0-98-3 26.1 6 251 80 90 24.9 6.7 15.7 0.9 98 0.0 23.8 0.1 0.04
49.6

Huni Valley W 121 28.1 6.23 248 124 94 28.9 5.3 14.6 1.0 151 0.0 4 0.2 0.03
32.3

Aboso Nsuem C1-D-090-1 27.5 6.64 780 320 358 115 16.9 21.7 9 .6 390 19.2 53.6 11.0 0.05
32.8

Atwereboanda C1-H-004-1 26.5 6.01 483 148 184 42.5 18.9 18.6 6.5 181 29.2 50.6 3.0 0.07
48.8

Atwereboanda C1-H-004-2 26.4 5.94 213 80 78 21.6 5.8 12.8 3.5 98 12.5 8.9 0.0 0.05
56.9

Tarkwa Sec. Sch Borehole 26.4 6.34 572 276 282 105 4.7 15.7 1.2 337 5.0 11.9 1.0 0.0
34.6

Tamso 20-1-89-2 25.8 4.38 101 12 16 4.0 1.5 10.0 0.2 15 0.0 12.9 11 0.06
18.9

Tamso 20-1-89 -1 26.3 3.77 230 0 18 4.0 1.9 21.8 2.7 0 0.0 32.8 10 0.0
17.6

Benso 21-E-13-4 26.7 4.57 66 36 28 4.8 3.9 7.0 1.6 44 0.0 6 3.4 0.0
30.0
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Benso 21-E-13-3 26.6 5.15 130 32 14 4.0 1.0 14.7 2.1 39 0.0 11.9 127 0.02

34.8
Nsuaem D4-I-088-1 26.1 6.41 465 236 222 68.9 12.1 18.8 0.6 288 0.0 7 0.1 0.04

34.1
Nsuaem 18-I-58-3 26.7 5.93 297 80 98 24.9 8.7 17.9 0.6 98 0.0 32.8 3.2 0.03

36.0
Simpa 18-E-77-3 27.1 5.79 648 120 202 59.3 13.1 36.0 3.1 146 17.9 110 0.0 0.02

37.2

TABLE 2
Trace element data for representative groundwater samples from the Wassa West District

Source BH No.       Hg       Al As B            Ba       Cr     Mn Fe Ni Cu Zn         Se Pb        Ag 
Cd

Prestea Gwcc (13) 0.025 0.082 0.002 0.049 0.028 0.004 0.287 0.431 0.015 0.032 0.120 0.012 0.006
0.000 0.000

Prestea Gwcc (12) 0.016 0.034 0.002 0.039 0.027 0.002 0.233 2.510 0.028 0.024 0.080 0.004 0.005
0.000 0.000

Hemang 20-13- 65-4 0.012 0.036 0.002 0.044 0.041 0.002 0.293 0.007 0.012 0.024 0.034 0.011 0.001
0.000 0.000

Ankobra /B/065-2 0.018 0.039 0.009 0.035 0.037 0.002 0.266 3.810 0.009 0.002 0.030 0.017 0.001
0.000 0.000

Ankobra B/065-1 0.013 0.033 0.004 0.042 0.030 0.002 0.442 13.10 0.026 0.001 0.080 0.000 0.001
0.000 0.000

Kwame Nirmpa 20-C-01-2 0.025 0.051 0.001 0.040 0.017 0.003 1.110 0.195 0.021 0.026 0.036 0.000 0.001
0.000 0.000

Odumase 44-I-45-1 0.026 0.030 0.000 0.035 0.055 0.001 0.219 7.840 0.000 0.002 0.016 0.001 0.001
0.000 0.000

Odumase 44-I-45-4 0.014 2.040 0.004 0.041 0.377 0.002 0.281 1.040 0.088 0.108 0.189 0.025 0.022
0.000 0.001

Odumase 300m from Sch 0.012 0.037 0.039 0.037 0.047 0.002 0.141 7.090 0.013 0.001 0.041 0.021 0.001
0.000 0.000

Beposo 44-E-73-1 0.024 0.031 0.002 0.039 0.024 0.002 0.358 1.150 0.009 0.001 0.012 0.005 0.000
0.000 0.000

Beposo 44-E-73-2 0.024 0.236 0.004 0.033 0.041 0.002 0.930 10.90 0.003 0.003 0.033 0.000 0.002
0.000 0.000

Dauranpong 44-C-32-2 0.021 0.159 0.008 0.037 0.033 0.001 0.056 0.144 0.007 0.012 0.026 0.000 0.001
0.000 0.000

Bogoso Clinic 44-I-28-1 0.016 0.037 0.004 0.029 0.014 0.001 0.458 2.510 0.028 0.004 0.033 0.010 0.002
0.000 0.000

Insu 47-0-98-1 0.012 0.040 0.000 0.042 0.116 0.001 0.066 0.026 0.008 0.019 0.014 0.000 0.001
0.000 0.000

Insu 47-0-98-3 0.026 0.040 0.002 0.031 0.033 0.002 0.516 0.279 0.002 0.012 0.023 0.000 0.001
0.000 0.000

Huni Valley W 121 0.014 0.253 0.000 0.031 0.030 0.000 0.410 0.248 0.003 0.007 0.058 0.000 0.003
0.000 0.000

Aboso Nsuem 0502C1/D/0901 0.012 0.036 0.000 0.032 0.495 0.001 1.070 0.009 0.013 0.004 0.025 0.001 0.001
0.000 0.000

Atwereboanda 0502C1/H/0041 0.016 0.034 0.000 0.032 0.224 0.001 0.488 1.040 0.014 0.001 0.032 0.011 0.001
0.000 0.000

Atwereboanda 0502C1/H/0042 0.025 0.040 0.000 0.027 0.196 0.002 0.399 1.750 0.001 0.001 0.020 0.000 0.001
0.000 0.000

Tarkwa Sec. Sch Borehole 0.009 0.107 0.001 0.040 0.024 0.002 1.510 0.048 0.005 0.001 0.012 0.009 0.001
0.000 0.000

Tamso 20-1-89-2 0.013 0.698 0.001 0.033 0.076 0.003 0.399 0.087 0.012 0.006 0.055 0.000 0.002
0.000 0.000

Tamso 20-1-89 -1 0.023 1.120 0.000 0.037 0.141 0.002 0.597 0.001 0.012 0.015 0.044 0.001 0.004
0.000 0.000

Benso 21-E-13-4 0.024 0.057 0.000 0.033 0.043 0.003 0.356 0.027 0.011 0.131 0.088 0.002 0.011
0.000 0.000

Benso 21-E-13-3 0.019 0.082 0.000 0.033 0.088 0.002 0.050 0.223 0.004 0.267 0.212 0.000 0.007
0.000 0.000
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Nsuaem 18-I-58-3 0.012 0.069 0.000 0.036 0.011 0.004 0.007 0.069 0.006 0.016 0.031 0.000 0.007

0.000 0.000
Simpa 18-E-77-3 0.014 0.114 0.004 0.033 0.371 0.002 1.340 9.810 0.010 0.002 10.400 0.015 0.002

0.000 0.000

Additionally, acidity gives sour taste to water. For the reason of taste, the WHO (1993) limits the  pH range for 
water potability to 6.5–8.5. Consequently, as can be seen from Table 1, the  pH values for more than 90% of the 
boreholes and wells within the Wassa West District are outside this range suggesting that most of the wells have 
potential taste problem. Electrical conductivity values are low, in the range of 37–780 µS cm-1  [total dissolved solids 
(TDS)  range  23.7–499.2  µg  l-1]  with  a  mean  value  of  246.4  µS cm-1  (TDS = 157.7 mg l-1) indicating  that  the 
groundwaters are generally fresh. Davis & DeWiest (1966), WHO (1980) and WHO (1993) regard groundwater as 
fresh water if the groundwater TDS value is less than 1000 mg l-1. 

Total hardness is an important criterion for ascertaining the suitability of water for domestic, drinking and many 
industrial uses (Karanth, 1994). In this paper the hardness criterion is used exclusively for determining the usability of 
the wells for domestic and drinking purposes only. Hardness of water for domestic use relates mainly to its reaction 
with soap. Since soap is precipitated principally by Ca2+and Mg2+, hardness is defined as the sum of the concentrations 
of these ions expressed as mg l-1 of CaCO

3
. Water with hardness in the range 0–60 mg l-1, 61–120 mg l-1, 121–180 mg l-1 and 

> 180 mg l-1are regarded as soft, moderately hard, hard and very hard, respectively (Hem, 1970). Groundwaters from 
the Wassa West  District  vary largely in  total  hardness  from 10 mg l-1 to  358 mg l-1. Generally,  the waters  are 
moderately hard to very hard with only 40% of the boreholes having soft water. The hardness of the groundwaters is 
derived mainly from carbonate sources since alkalinity values have exceeded the total hardness in most cases.  

The use of the groundwaters for domestic purposes may, therefore, lead to soap wastage or more soap requirement 
for washing. Contrary to the negative perception of domestic usage of hard water, recent studies have shown that 
coronary  heart  diseases  are  less  common in  areas  of  hard  water  than  in  areas  of  soft  water  (Crawford,  1972). 
Nonetheless,  Neri  et  al.  (1975)  observed  low incidence  of  coronary  heart  diseases  in  areas  of  soft  waters  and 
postulated that  very soft  waters  being low in ionic  concentration would not  contain enough toxic  substances  to 
increase  mortality.  On  the  contrary,  hard  waters  being  high  in  ionic  concentration  would  contain  more  toxic 
substances but also enough benign minerals to block and overcome their toxic effects. Thus, the hardness of the water 
in the wells within the Wassa West District is beneficial for drinking purposes in that the waters may have enough 
propitious substances that can neutralize other substances harmful to human health.

Inorganic substances 
 Major ions, principally Na+, K+, Ca2+, Mg2+, HCO

3
-, Cl-, SO

4
2-, Si, and minor ions such as NO

3
-, F-, Fe, and Mn2+, 

as well as trace elements Zn, Cu, I-, F-, V, Se, Co, Ni, Cr, Mo and P are generally essential for human health and 
metabolism (Safe Drinking Water Comm., 1980). However, if some of these substances particularly the minor and 
trace elements occur in the water above certain limits, they become hazardous to health or impact sensory effect to the 
water that makes it objectionable to the consumer. Table 3 presents two lists of chemical substances. The list A 
comprises chemical substances that are of health significance in drinking water while B consists of substances which, 
although not necessarily harmful to health, may give rise to complaints from consumers because of the aesthetic effect 
they produce in the water. 

TABLE 3
The range and mean values of inorganic constituents in the groundwaters of the Wassa West District and the WHO (1993) drinking water 

quality guideline values 

 Wassa West District groundwaters WHO (1993)
Range of values Mean Values Guideline maximum value

A
Antimony (Sb) 0.0–0.001 0.0 0.005 (P)
Arsenic (As) 0.0–0.046 0.002 0.01 (P)
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Barium (Ba) 0.03–0.70 0.118 0.7
Beryllium (Be) NAD
Boron (B) 0.0–0.3 0.009 0.3
Cadmium (Cd) 0.0–0.003 0.0 0.003
Chromium (Cr) 0.0–0.066 0.004 0.05 (P)
Copper (Cu) 0.0–0.211 0.013 2 (P)
Fluoride (F) 1.5
Lead (Pb) 0.0–0.026 0.002 0.01
Manganese (Mn) 0.006–1.3 0.298 0.5 (P)
Mercury (Hg) 0.0–0.037 0.018 0.001
Molybdenum (Mo) 0.0–0.07 0.0 0.07
Nickel (Ni) 0.0–0.076 0.009 0.02
Nitrate (NO3) 0.0–27.0 5.0 50
Selenium (Se) 0.0–0.017 0.003 0.01
Uranium (U) NAD
B
Aluminium (Al) 0.0–2.51 0.084 0.2
Ammonia (NH4) 1.5
Chloride (Cl) 4.5–194.0 27.3 250
Sulphide (H2S) 0.05
Iron  (Fe) 0.0–18.3 1.52 0.3
Sodium (Na) 0.7–41.9 17.9 200
Sulphate (SO4) 4.5–20.3 13.9 250
Zinc 0.0–12.4 3.0

All values are in milligrams per litre.  
P:  provisional guideline value
Table A lists those chemicals of health significance in drinking water.  
Table B lists substances in drinking water, which although not necessarily harmful to health, may give rise to complaints from consumers.  

NAD: No adequate data

Major ions
Major ions for which recommended permissible limits are available and contained in the B list of Table 3 are 

sodium, sulphate and chloride. As indicated in the previous paragraph, intake by humans of water with concentrations 
of these ions above the recommended limits is generally not harmful (Freeze & Cherry, 1979). When Na+ exceeds the 
recommended limit of 200 mg l-1, the water tastes salty. Similarly, maximum chloride concentration permissible in 
drinking water is 250 mg l-1  primarily because of taste. Likewise, sulphate concentration in drinking water must not 
exceed 250 mg l-1 otherwise the water will taste bitter. Higher SO

4
2- concentrations can even produce laxative effect. 

It is noticeable from Table 3 that the major constituents Na+, Cl- and SO
4
2- are generally low and well below the WHO 

(1993) recommended guideline maximum values for water potability. They, therefore, pose neither physiological nor 
aesthetic problem to groundwater usage for drinking or domestic purposes within the Wassa West District. Thus, with 
respect to major ions, the groundwater quality in the Wassa West District is excellent. 

Minor inorganic ions
The minor ions under consideration in this paper are those included in the list A - boron, fluoride, nitrate, and list B 

– iron. Boron is harmful to human health if its concentration exceeds 0.3 mg l-1. The concentration range of boron in 
the wells within the Wassa West District is 0.0–0.3 mg l-1 and the mean value is 0.009 mg l-1. Only 2% of the wells 
have concentrations up to the maximum permissible value. Boron, therefore, poses little or no quality problem to 
groundwater usage for drinking purposes in the Wassa West District. 

  Fluoride in drinking water is beneficial to human health in that it reduces tooth decay. At high concentrations, 
however,  it  results  in  the  molting  of  teeth  (fluorosis)  and  skeletal  fluorosis.  The  maximum  permissible  F- 
concentration in drinking water is 1.5 mg l-1 (WHO, 1993). As indicated in Tables 2 and 3, the fluoride concentrations 
in the boreholes and wells within the District is universally low and mostly below the beneficial range (0.3–1.5 mg l-1) 
for human health. Thus, additional fluoride requirement of the people living in the District should be sought from 
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other sources, for example, from toothpaste to prevent high incidence dental caries. On the other hand, the risk of 
dental or skeletal fluorosis as a result of drinking from groundwater sources is not likely to occur in the District.  

The  maximum  permissible  concentration  of  NO
3
- in  drinking  water  is  50.0  mg  l-1.  Higher  nitrate  levels  is 

detrimental to young infants, particularly those under 4 months, as they could suffer from methemo-globinemia (blue 
baby disease). Additionally, though adults can absorb higher dosages of nitrate, nitrate is known to play a role in the 
production of nitrosamines (known carcinogens) in the stomach (Wolff & Wasserman, 1972). Hill et al. (1973) assign 
high nitrate intake as a possible reason for higher death rate from gastric cancer in communities that had high nitrates 
level in their drinking water. Values of nitrate concentration in the groundwaters of the District, as can be observed 
from  Tables  1  and  2,  are  far  below  the  maximum  permissible  limit.  Thus,  the  threat  to  health  from 
methemoglobinemia and nitrosamines is very low.  

Iron is essential to the human body and its intake through drinking water is normally an insignificant portion of the 
body requirement (Freeze & Cherry, 1979). The common form of iron in the pH range for the groundwaters in the 
District is the soluble ferrous ion (Fe2+). When exposed to the atmosphere, Fe2+ is oxidised to Fe3+. In this state it 
hydrolyses and precipitates as ferric hydroxide, causing a brown discolouration of the water and the characteristic 
brown stains in sinks and laundered textiles.  In addition, Fe3+ imparts metallic taste to the water.  The maximum 
permissible concentration of 0.3 mg l-1 (WHO, 1993) in drinking water is primarily for reasons of taste and avoidance 
of staining of sinks and laundered textiles. However, an upper limit of 1.0 mg l-1 should suffice for most purposes 
(WHO, 1993). 

Iron apparently is the most problematic minor ion associated with the groundwaters in the Wassa West District. 
Approximately 40% of boreholes and wells within the District have total iron concentrations greater than 1.0 mg l -1. 
The incidence of high iron concentration in boreholes may result in complain from people using the boreholes that 
may ultimately lead to low patronage or total rejection of some of the boreholes. Thus, if boreholes are to be relied on 
for potable water supply as currently practised, then there is the need to build simple aerators or iron removal plant 
attached to some selected boreholes, particularly those forming the 40%.

Trace elements
Contrary to expectation from a mining area, trace metal loading of the groundwaters in the Wassa West District is 

rather low. Aluminum, manganese and mercury are the only trace metals that occur in relatively high concentrations 
in  a  significant  percentage of the  boreholes or  wells.  Arsenic,  barium,  lead,  nickel,  selenium and zinc  occur in 
concentrations a little higher than the WHO (1993) maximum guideline limits and in only a few of the boreholes or 
wells. The rest of the trace elements only occur in very minute concentration, close to their detection limits.

Aluminium (Al3+) appears to have only little deleterious effect on humans. Nonetheless, aluminium toxicity has 
been  associated  with  central  nervous  system  disorders  including  Alzheimer’s  disease  and  dialysis  dementia 
(Moskowitz  et al., 1986; Monier-Williams, 1935). However, the greatest problem associated with the metal is the 
discolouration  it  produces  in  drinking  water  and  its  distribution  systems.  This  increases  when  aluminium 
concentration exceeds 0.2 mg l-1 in the water and makes the water aesthetically unacceptable (WHO, 1993). 

In the Wassa West District, Al3+ ion concentration in the groundwaters is in the range 0.0-2.5 mg l-1 with a mean of 
0.19 mg l-1. As expected, the high Al3+ ion concentrations are associated with boreholes with lower  pH values. For 
instance, the borehole at Odumase with the identification number 44-I-45-4 has the lowest mean pH value of 3.89 and 
the  highest  concentration of Al3+ ions  of  2.51 mg l-1.  Similarly  Tamso (20-I-89-1) has a  mean  pH and Al3+ ion 
concentration of 3.94 and 1.28 mg l-1,  respectively. The aluminium concentration in the groundwaters within the 
District appears to pose quality problem to borehole water supply since approximately 20% of the boreholes exceed 
the WHO, 1993 permissible limit for water potability.

Similar to iron, the common form of manganese in the groundwaters in the Wassa West District under the existing 
pH-Eh conditions is the soluble manganous ion, Mn2+. On exposure to the atmosphere, Mn2+ is oxidised to much less 
soluble hydrated oxide. The hydrated oxide forms black stain in sinks and also stain laundered textiles. Additionally, 
the growth of certain problematic bacteria that concentrate manganese and give rise to taste, odour and turbidity 
problems in the distributed water is also supported by manganese (Griffin, 1960; Wolfe, 1960).

Manganese is a vital micronutrient for both plants and animals but when taken in very large doses can cause some 
diseases and liver damage (Wolfe, 1960). In small doses, manganese has only little physiological effect; nonetheless, 
as in the case of iron, the sensory effect that it produces may lead to the rejection of the borehole. It is for this reason 
that  WHO (1993)  has  given  guideline  limit  for  water  potability  with  respect  to  manganese  as  0.5  mg  l-1.  The 
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concentration of manganese in the groundwaters in the District varies between 0.002 mg l-1 and 2.410 mg l-1 with a 
mean value of 0.329 mg l-1.

Manganese occurs in concentrations greater that 0.5 mg l-1 in approximately 25% of the boreholes and wells within 
the Wassa West District. The percentage is high enough to affect the patronage of boreholes and wells that have been 
provided at great cost. There is, therefore, the need to remove manganese from the water. Building iron removal plant 
to be attached to the boreholes may be a possible solution to the manganese problem, since most of the wells that have 
high iron content incidentally also have high manganese content. The ferric hydroxide formed in the iron removal 
plant during aeration has the capacity to absorb manganous ions, and, hence, the dual  removal  of both iron and 
manganese.

The WHO (1993) permissible guideline limit for mercury concentration in potable water is 0.001 mg l-1. In the 
Wassa West District, the concentration of mercury in groundwaters varies within the range 0.0-0.038 mg l-1 (Tables 2 
and 3). However, mercury has not been detected in any of the rocks within the Prestea-Tarkwa area; neither are there 
other industries in the area apart from mining that can release mercury in significant quantity to the environment. 
Furthermore, the high concentration of mercury has only been detected in the boreholes during the rainy season 
whereas during the dry season,  concentrations were merely around detection limit.  This apparently suggests that 
mercury concentration in the wells is related to the recharge regimes of polluted surface water into the groundwater 
system. This is likely to occur during the wet season than in the dry season where mining pits and ponds used for 
washing  gold  by  small-scale  (legalised  and  illegalised)  miners  are  flooded.  Run off  and  floodwaters  containing 
remnants of mercury recharge aquifers. In the dry season, on the contrary, seepage from ponds used for washing gold 
can hardly infiltrate into the aquifers. 

Oral  ingestion  of  inorganic  mercury  is  rapidly  accumulated  in  the  kidney  and  it  is  very  irritating  to  the 
gastrointestinal tract and can cause nausea, vomiting, pain, ulceration, diarrhoea and kidney damage, including kidney 
failure (WHO, 1980). Toxicity to the brain and nervous system has been reported following large doses of inorganic 
mercury taken medicinally (WHO, 1980). Consequently, mercury poses the most physiological problem associated 
with groundwater for drinking purposes. People living in the Wassa West District  are potentially exposed to the 
danger of diseases associated with oral ingestion of inorganic mercury. There is, therefore, the need to control the 
usage of mercury in the environment. 

The International Agency for Research on Cancer, the WHO and the US-EPA classify arsenic (As) as a known 
carcinogen (an agent producing and exciting cancer) and a toxin  (Smedley et al., 1995). Arsenic taken in large doses 
produces death from fluid loss and circulatory collapse (Carlos  et al., 1997). Small oral doses of arsenic produce 
gastro-intestinal  pains,  haemorrhage,  nausea,  vomiting,  diarrhoea,  anaemia,  and  neurological  toxicity  such  as 
headache, lethargy, confusion, hallucination, seizures, and coma. Long term low-level exposure to arsenic may result 
in cardiovascular toxicity, anaemia, liver toxicity, and a pattern of skin changes that includes darkening of the skin 
and the appearance of small corns or warts (Carlos et al., 1997). Skin cancer has been associated with long-term, low-
level exposure to arsenic through drinking water (WHO, 1993), and there is suggestive evidence of increasing risk of 
bladder,  kidney,  liver and lung tumours as well.   Based on its  carcinogenicity, and taking into consideration its 
potential nutrient requirements, WHO (1993) restricts the level of arsenic in drinking water provisionally to 0.01 mg 
l-1.

The concentration of arsenic in the groundwaters of the Wassa West District is very low and varies from 0.0 mg l-1 

to 0.049 mg l-1 with a mean value of 0.003 mg l-1  (Table 3).  The very low concentration of arsenic in the shallow 
groundwaters in spite of the high presence of arsenopyrite in association with the gold ore in the District suggests a 
level of co-precipitation of arsenic with ferric oxyhydroxide in the creeks and the unsaturated zone before possible 
infiltration into the aquifer. Only approximately 5% of the wells and boreholes have arsenic concentration slightly in 
excess  of  the  WHO  (1993)  guideline  limit  of  0.01  mg  l-1 (Table  3).  These  wells  are  mainly  located  in  the 
neighbourhood of Bogoso and Prestea. 

Since only 5% of the wells and boreholes have arsenic concentration slightly in excess of the WHO (1993) limit, 
and all  the wells are incidentally situated around the Bogoso–Prestea neighbourhood, arsenic poses only a minor 
problem to using groundwater for drinking purposes in the District. Only people living in communities in the Bogoso–
Prestea area appear to be potentially at risk of diseases associated with long-term low-level exposure. However, Wang 
& Huang (1994) noted that no morbidity cases were found where arsenic concentrations of drinking water were less 
than 0.1 mg l-1 but morbidity increased exponentially as aqueous As increased and mild As poisoning was observed in 
the range 0.1–0.2 mg l-1.  Arsenic concentration in any individual borehole or well in the District, as can be seen from 
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Tables 2 and 3, rarely exceeded 0.05 mg l-1 suggesting that despite exceeding the WHO (1993) permissible guideline 
limit,  no  morbidity  problem from elevated  arsenic  concentration  is  expected  when the  groundwater  is  used  for 
drinking purposes. 

The WHO (1993) recommended limit of barium for potable water is 0.7 mg l-1 (Table 3). Barium concentrations in 
water higher than the WHO (1993) value may result in symptoms of gastrointestinal tract, vomiting and diarrhoea, 
and breakdown of the central nervous system, causing violent tonic and chronic spasms followed in some cases by 
paralysis  (Browning,  1961;  Patty,  1962).  The  concentration  of  barium in  the  groundwaters  from the  District  is 
generally  lower  than  the  WHO guideline  value  for  potability.  Barium concentration  in  the  groundwaters  of  the 
District, therefore, does not pose a threat to groundwater development.  

Lead may occur in association with sulphides. In the Wassa West District, lead occurs in association with the 
sulphide ores in the form of boulangerite [(Pb

5
Sb

4
S

11
) = 0.01%], bournonite [(PbCuSbS

3
) = 0.02%], galena [(PbS) = 

0.006%] (Owusu-Ansah, 2000, personnal communication). High lead concentrations result in metabolic poisoning 
that manifest in symptoms such as tiredness, lassitude, slight abdominal discomfort, irritation, anaemia and, in the 
case of children, behavioural changes (WHO, 1980). The WHO (1993) recommended guideline limit for lead level for 
water potability is 0.01 mg l-1. Approximately 9% of the boreholes in the District have lead levels slightly higher than 
WHO (1993) recommended guideline limit  (Table 3).  The relatively high lead concentrated waters occur in  the 
Bogoso-Prestea area. Thus, people living around this area are potentially at risk of metabolic poisoning. Children 
under 5 years,  and pregnant women are particularly at potential risk of elevated lead levels in the blood stream 
(Moskowitz et al., 1986). Nonetheless, the lead levels are only slightly above the recommended limit and should not 
cause alarm.

Nickel was considered to be relatively non-toxic to man but recent studies support the potential carcinogenicity to 
humans and animals of several nickel compounds under certain exposure conditions (Carlos et al., 1997). Although 
nickel  compounds have not  been identified to  be  carcinogenic in  either  humans or animals  following ingestion, 
gastrointestinal distress has been reported in workers who drank water contaminated with high levels of nickel (Carlos 
et al., 1997). Most of the nickel in drinking water comes from water distribution systems and is generally less than 10 
µg/l (WHO, 1980). The WHO (1993) recommends that the level of nickel in drinking or potable water should not 
exceed 0.02 mg l-1. Approximately 3% of the boreholes in the Wassa West District have nickel concentration slightly 
in excess of the WHO recommended limit of 0.02 mg l-1.  Nickel  does not,  therefore, appear to pose a threat to 
groundwater development in the Tarkwa-Prestea area.

Selenium is biologically beneficial to the metabolic requirement of animals when taken in the concentration range 
of 0.1–10 mg kg –1  of food. Selenium is, however, considered toxic to man and symptoms associated to selenium 
toxicity are similar to those of arsenic (Fairhill, 1941).  Selenium concentrations in the District are in the range 0.0-
0.017 mg l-1, and only about 3% of the boreholes and wells have selenium concentration above WHO recommended 
limit of 0.01 mg l-1. Thus, selenium does not pose major threat to groundwater development in the District.

Zinc occurs as a natural mineral in many drinking waters and is an essential dietary nutrient and a beneficial 
element in human metabolism (Vallee, 1957). Inadequate dietary zinc intake can lead to appetite loss, poor growth 
and  development,  birth  defects,  slow  wound  healing  and  skin  lesions.  Too  much  zinc  (at  least  10  times  the 
recommended daily dose) can produce gastrointestinal disturbances such as pain, cramping, nausea and vomiting, 
diarrhoea and pancreatic toxicity.  Long-term ingestion of zinc compounds at lower doses has led to copper deficiency 
by interfering with the body’s ability to take in and use copper (Carlos  et al.,  1997). Excess zinc also produces 
aesthetic effect (metallic taste) on the water for which reason the  WHO (1993) recommended a limit of 3.0 mg l-1 for 
potable water. Zinc concentration in the groundwaters of Wassa West District exceeded WHO recommended limit in 
only 1% of  the  boreholes.  Thus,  zinc  concentration does  not  pose  quality  problem for  groundwater  supply and 
development in the Wassa West District.

The concentration of copper is above detection but it has not exceeded the provisional WHO recommended limit of 
2.0  mg l-1 for  water  potability  in  any  of  the  hand-dug wells  or  boreholes  within  the  Tarkwa-Prestea  area.  The 
remaining  trace  metals,  as  mentioned earlier,  only  occur  in  very minute  concentrations  or  below detection  and, 
therefore, pose neither physiological nor aesthetic problems to groundwater quality in the Wassa West District.  

Conclusion
The major ions in the groundwater in the Wassa West District are generally low and do not pose any quality problem 
for their use as drinking water. The groundwaters are moderately hard to very hard and their usage for washing may 
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result in soap wastage. However, hard waters are known to have enough benign substances that can offset the negative 
effect of some minor and trace elements that may exist in the groundwaters. Despite the generally low minor and trace 
elements loading, potential major quality problems exist with regards to the concentration of some of them. Mercury 
concentration in the wells during the rainy season by far poses the greatest physiological problems as it is above the 
WHO recommended concentration limit in most wells. This problem seems to be anthropogenic in origin and can be 
reduced by limiting the spillage of the chemical in the environment.  The concentrations of iron, manganese and 
aluminium also pose potential sensory problem for the use of the groundwaters for domestic purposes. However, the 
use of iron removal plants or simple aerators can help in reducing the excess trace elements concentrations from the 
water by inducing co-precipitation of the trace elements with Fe-oxyhydroxides.     
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Abstract 
The sacred grove concept is one of the strategies developed by many human societies to conserve biological resources using a traditional 
approach. Sacred groves are currently under threat from anthropogenic activities due to lack of enforcement of traditional edicts to check 
encroachment. The birds inhabiting the Abiriw Sacred Grove in the Akwapim North District in the Eastern Region of Ghana were surveyed 
between February and April 2005 to determine the current ecological status of the grove, and to establish a bird species list. The transect count 
method was used to sample the birds in the grove. A total of 411 individual birds belonging to 22 families and 66 species was recorded, out of  
which 211 individuals of 41 species occurred in the forest-cultivated land boundary, 111 (36 species) in pristine forest, and 89 (40 species) in 
secondary forest.  A significant proportion of species in the grove were savanna specialists.  Similarity indices indicated different levels of 
degradation of the various blocks. The current situation needs immediate attention to stem the tide of fragmentation and degradation. 

Introduction
Throughout the ages, traditional African societies have maintained complex religious and cultural belief systems that 
guided the conservation of biodiversity using traditional norms such as taboos, totems and myths. Such traditional 
practices enabled the protection of biological resources from human disturbances and wanton over-exploitation. The 
establishment of sacred groves, defined as small patches or islands of remaining original habitat (Kingdon, 1989), or 
forests of various dimensions partially- or fully-protected by local religious and/or cultural agents (Campbell, 2004) 
ensured the protection of forests surrounding environmentally-sensitive areas, and ranged in size from hundreds of 
hectares of forest to small areas of about 0.5 ha containing single trees or a few stones (Gordon, 1992). 

Because of their perceived links to some deities or ancestral spirits, sacred groves are referred to variously as 
nananompow (ancestral  grove or  royal  mausoleum) (Adarkwa-Dadzie,  1997),  abosompow or  asoneyeso (shrine), 
mpanyinpow (ancestral forest), and  nsamanpow (burial grounds) by the Akans (BSP, 1993; Ntiamoa-Baidu, 1995). 
Sacred groves serve important ecological and socio-cultural functions by preserving virgin forests, being important 
refuges for rare and useful local biodiversity, and being sources of herbs for medicinal, social and religious purposes 
(Dorm-Adzobu et al., 1991; Decher, 1997). There are an estimated 2,000–3,200 sacred groves in Ghana, about 80% 
of which occur in the southern half of the country (Gordon, 1992).

Because of the linkage between traditional beliefs and deities or ancestral spirits, disobedience or disregard of 
traditional laws (taboos) attracts severe punishments for culprits, and high prices of atonement, including making 
sacrifices and performing certain rites to avert any mishaps, ill-health, and death. Unfortunately, this has not been 
effective deterrent for the reckless use of biological resources by local communities.  Today, the traditional belief 
systems, which were fundamental to the concept of sacred grove conservation, are considered mere superstitions, with 
the rituals now known to very few people, mostly of the older generation. This situation could be attributed to (i) rapid 
population growth and its attendant problems of urbanization, migration, and resettlement, (ii) increased dependence 
on western technology, and (iii) the growing influence of foreign religions and beliefs (Decher, 1997). 

Birds constitute one of the common fauna of all habitat types, and because they are responsive to change, their 
diversity and abundance can reflect ecological trends in other biodiversity (Furness & Greenwood, 1993). Because of 
their highly-specific habitat requirements, birds become increasingly intolerant of even slight ecosystem disturbance 
(Schwartz & Schwartz, 1951). An assessment of the abundance and diversity of bird species in sacred groves can, 
therefore, serve as a good indication of the health of the environment in and around the grove (Bowden, 1990). 
Jarvinen & Vaisenen (1978) used line-transect data on bird abundance to monitor the effect of habitat change in 
Nordic countries, and reported that a change in forest structure caused changes in bird populations in Northern Finish 
forest.  

The Abiriw Sacred Grove in  the  Akwapim District  of  the  Eastern Region of  Ghana was partly  destroyed by 
bushfires in 1983, resulting in loss of biodiversity. Also, because of laxity in enforcing some of the customary laws 
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that deterred human exploitation of the forest resources, there has been increasing over-exploitation of these resources 
(e.g. logging, fuelwood harvesting, etc.) in the grove. The objectives of this study were, therefore, to (i) assess the 
abundance  and  diversity  of  the  bird  species  inhabiting  the  Abiriw Sacred  Grove  as  an  indication  of  its  current 
ecological status, and (ii) generate a species list of birds in the grove for conservation action and future research 
follow-ups.  

Materials and methods
Study area
The Abiriw Sacred Grove (05o 48’ N;  00o 06’ W) is located along the Aburi-Akosombo road, about 110 km north of 
Accra in the Akuapim North District of the Eastern Region. It has an area of about 400 m2 and lies at the southern 
boundary of the town of Abiriw.  The area falls within the moist semi-deciduous forest zone, characterized by two 
annual rainfall peaks. The major rainy season occurs from April to June, while the minor one occurs from September 
to October. Annual rainfall amounts range from 1,300 mm to  1,800 mm. 

The  sacred  grove  is  characterized  by  tree  species  such  as  Celtis  adolfi-frederili,  C.  zenkeri, Triplochiton 
scleroxylon, Cylico-discus gabunensis,  and  Piptadenia africana. Common understory species such as  Corynanthe 
pachyceras, Hymeno istegia afzelii, Lacaniodiscus capanicides, Momdoa myristica and Myrianthus spp. are also present. 
The dominant shrubs are Mussaenda erythrophylla. The brownish soil contains a lot of humus and worm cast. 

The site was divided into three blocks based on the vegetation type: (i) pristine forest, a generally non-degraded 
core  forest,  (ii)  forest-cultivated  land  boundary,  outer  forest  sharing  boundaries  with  cultivated  land,  and  (iii) 
secondary forest, characterized by regenerated forest located between the first two blocks. Two-hour transect walks 
were undertaken to inventory the three blocks, with 300 m walk in the forest-cultivated land boundary, 210 m in the 
secondary forest, and 190 m in the pristine forest, using existing footpaths as transects. All birds encountered (both 
visually and vocally) were systematically recorded with counts repeated six times between 26th February and 14th 
April 2005. There were no width limit on the transects because, while the estimate of distance to visually observed 
birds were easier, estimate of distance to calls was more difficult, and such estimates would be highly unreliable.   

Analysis of data
Bird community diversity for each block was calculated using Shannon Wiener (H) and Simpson indices (D) while 

the similarities in the three blocks were calculated using Jaccard Index (Cj) given that:
H = ∑(ni/N * In ni/N) …………………….1
D = ∑[ni*(ni-1)/N*N-1)]…………….…2 
Cj = j/(a + b –j)…………………………..3 
where ni = number of individuals in the ith  species, N = total number of individuals recorded, j = number of species 
found in both sites, ‘a’ = number of species in site ‘A’ and ‘b’ = number of species in site ‘B’. The relative abundance 
(RA) of each species in the different blocks was also calculated.

Results and discussion
Relative abundance and species diversity There were 411 individual birds recorded, comprising 66 species belonging 
to 22 families. The dominant family was Muscicapidae, comprising 24.2% of the total species, followed in order by 
Capitonidae (12.1%), Cuculidae (9%), Estrildidae (7.6%), and Pycnonotidae (7.6%). Forty different species were 
recorded in the secondary forest, while 41 and 36 species were recorded in the forest cultivated land boundary and the 
Pristine forests, respectively (Table 1). Out of the 40 species encountered in the secondary forest, 27 individuals 
(67.5%), representing eight species, were identified as pure inhabitants of forest vegetation while 20% were savanna 
generals. Species from other vegetation zones such as coastal thickets made up 12.5%. 

TABLE 1
Checklist of the birds of the Abiriw Sacred Grove, Abiriw-Akwapim

Species Common name Occurrence in Original Status 
     blocks habitat
PF SF FCLB

Muscicapidae 
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1. Apalis shapii Sharpe’s apalis “ F NUR
2. Camaroptera brachyura Grey-backed camaroptera “ “ “ S VC
3. C. chloronata Green-backed camaroptera “ “ S VC/W
4. Cisticola cantans Singing cisticola “ S NUR
5. C. lateralis Whistling cisticola “ F NUR
6. Eremomela pusilla Green-backed eremomela “ S C
7. Fraseria ocreata Fraser’s flycatcher “ F NUR/W
8. Hylia prasina Green hylia “ “ “ F C/W
9. Macrosphenus concolor Olive longbill “ F U

10. M. flavicans Kemp’s longbill “ “ F NUR
11. Muscicapa epulata Little grey flycatcher “ F U
12. Prinia erythroptera Red-winged warbler “ F NUR
13. Stiprornis erythrothorax Forest robin “ F NUR
14. Sylvietta brachyura Nuthatch warbler “ “ “ S NUR
15. Tauraco persa Green-crested touraco “ “ F NUR
16. Terpsiphone rufiventer Red-bellied paradise flycatcher “ F C
Total species = 16 (24.2 %)

Capitonidae
17.  Gymnobucco calvus Naked-faced barbet “ “ F C
18.  Lybius hirsutus Hairy-breasted barbet “ “ “ F NUR
19. L. vieilloti Vieillot’s barbet “ S C
20. Pogoniulus atro-flavus Red-rumped tinker-bird “ “ F NUR
21. P. bilineatus Lemon-rumped tinker-bird “ “ “ FSB C
22. P. scolopaceus Speckled tinker-bird “ “ “ F C
23. P. subsulphureus Yellow-throated tinker-bird “ “ “ F NUR
24. Trachyphonus purpuratus Yellow-billed barbet “ “ F C/W
Total species = 8 (12.1 %)

Cuculidae
25. Centropus  leucogaster Black-throated coucal “ “ S C
26. C. senegalensis Senegal coucal “ “ “ S C
27. Ceuthmochares aereus Yellowbill “ “ “ F C
28. Chrysococcyx caprius Didric cockoo “ S SC
29. C. cupreus Emerald cuckoo “ S C
30. C. klaas Klass cuckoo “ F NUR
Total species = 6 (9.0 %)

Estrildidae
31. Estrilda melpoda Orange-cheeked waxbill “ S A
32. Lonchura bicola Black-and-white mannikin “ FC C
33. L. cucullata Bronze mannikin “ S C
34. Nigrita canicapilla Grey-crowned negro-finch “ “ “ F C
35. N. luteifrons Pale-breasted negro-finch “ “ F NU
Total species = 5 (7.6 %)

Pycnonotidae
36. Andropadus curvirostris Cameroon sombre greenbul “ FSB NUR
37. A. latirostris Yellow-whiskered greenbul “ “ F C/W
38. A. virens Little greenbul “ “ “ F A/W
39. Pycnonotus barbatus Common garden bulbul “ “ “ S A
40. Thescelocichla leucopleurus Swamp palm bulbul “ F C/W
Total species = 5 (7.6 %)

Columbidae
41. Streptopelia semitorquata Red-eyed dove “ “ “ S/FC A
42. Treron australis Green pigeon “ “ F C
43. Turtur afer Red-billed wood-dove “ “ F C
44. Turtur tympanistra Tambourine dove “ “ F C

Ploceidae
45. Ploceus cucullatus Village weaver “ CFZ A

40



West African Journal of Applied Ecology, vol. 11, 2007
46. P. nigricollis Spectacled weaver “ F/CT NUR
47. Quelea quelea Red-billed quelea “ S -

Accipitridae
48. Accipiter toussenelii West African goshawk “ F C
49. Nephron monachus Hooded vulture “ “ FS A

Bucerotidae
50. Tockus semifasciatus Allied/Pied hornbill “ “ “ F VC
51. Tropicranus albocristatus White-crested hornbill “ “ “ F NUR

Nectariniidae
52. Nectarinia chloropygia Olive-bellied sunbird “ “ F C
53. N. olivacea Olive sunbird “ “ “ CT/F C

Phasianidae
54. Francolinus ahantensis Ahanta francolin “ “ F C
55. Ptilopachus petrosus Stone partridge “ S NUR

Alcedinidae
56. Halcyon senegalensis Senegal kingfisher “ “ F C

Apodidae
57. Cypsiurus parvus Palm swift “ OPP C
Coraciidae
58. Eurystoma glaucurus Broad-billed roller “ S C

Corvidae
59. Corvus albus Pied crow “ - C
Fringillidae
60. Serinus mozxambicus Yellow canary “ S C
Laniidae
61. Lanius collaris Fiscal shrike “ CT NUR
Malaconotidae
62. Tchagra senegala Black-crowned tchagra “ “ S C
Piciformes
63. Mesopicos pyrrhogaster Fire-bellied woodpecker “ F NUR
Platysteiridae
64. Platysteria castanea Chestnut wattle-eye “ F C
Sturnidae
65. Lamprotornis splendidus Splendid glossy starling “ “ F NUR
Zosteropidae
66. Zosteropus senegalensis Yellow white-eye “ S C
Total 36 40 40

Legend
Plots: PF = Pristine forest, SF = Secondary forest, FCLB = Forest-cultivated land boundary
Habitat: F = Forest,  S = Savanna,  FSB = Forest-savanna boundary,  FC = Forest clearings, CT = Coastal thicket, CFZ = Coastal forest zone, 

OPP = Oil palm plantations.              
Status :   NUR = Not uncommon resident, VC =  Very common, W  = Widespread, C = Common, U = Uncommon, SC = Seasonally common, 

A = Abundant, NU = Not uncommon.

In  the  forest-cultivated  land  boundary,  46.3% of  the  species  encountered  were  identified  as  forest  specialists 
(Grimes, 1987), whilst 29.3% were savanna generals. Olaniyan (1968) identified savanna bird species in West Africa 
and described them as mostly seed-eaters contrary to forest bird species which are fruit-eaters. Since most savanna 
birds are seed eaters, their presence in a forest area suggests trans-formation of forest vegetation into savanna. Species 
from other vegetation zones scored 24.4% (Table 1). About 30% of bird species in forest vegetation being savanna 
specialists suggests a high level of degradation. Also, the high number of bird species that are inhabitants of other 
vegetation zones in this area indicates that the forest is an island in ‘troubled’ vegetation, which served as a refuge 
habitat for bird species in surrounding vegetation. In the pristine forest, 66.8% of the inhabiting species were forest 
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inhabitants, while 25% were savanna species (Table 1). However, the number of savanna species was very low in 
terms of individual numbers of birds in this block. 

The most abundant species in the grove was the little greenbul (Andropadus virens) (RA = 8.0), followed by the 
bronze mannikin (Lonchura cucullata) (RA = 7.8), common garden bulbul (Pycnonotus barbatus) (RA = 7.5), allied 
hornbill  (Tockus  semifasciatus) (RA  =  6.1),  palm  swift  (Cypsiurus  parvus), (RA  =  5.4),  and  black-and-white 
mannikin  (Lonchura bicola) (RA = 4.6) (Table 2).  These six species together make up 39.4% of all  the species 
recorded. The little greenbul and allied hornbill are typical forest birds, while bronze mannikin and common garden 
bulbul are typical savanna species. The palm swift and black-and-white mannikin occur in or near oil palm plantations 
and forest clearings, respectively. 

TABLE 2
Numbers of birds and their relative abundance in Abiriw Sacred Grove, Abiriw-Akwapim

Species Family                      Habitats Total Overall 
     PF       SF  FCLB individualsRA
Ind RA Ind RA Ind RA

1. Andropadus virens Pycnonotidae 8 7.2 12 13.5 13 6.2 33 8.0
2. Lonchura  cucullata Estrildidae – – – – 32 15.2 32 7.8
3. Pycnonotus barbatus  Pycnonotidae 3 2.7 2 2.3 26 12.3 31 7.5
4. Tockus semifasciatus Bucerotidae 9 8.1 6 6.7 10 4.5 25 6.1
5. Cypsiurus parvus Apodidae – – – – 22 10.4 22 5.4
6. Lonchura bicola Estrildidae – – – – 19 9.0 19 4.6
7. Hylia prasina Muscicapidae 9 8.1 6 6.7 1 0.5 16 3.9
8. Tauraco persa Muscicapidae 8 7.2 4 4.5 – – 12 2.9
9. Nigrita canicapilla Estrildidae 4 3.6 2 2.3 4 1.9 10 2.4

10. Pogoniulus subsulphureus Capitonidae 3 2.7 4 4.5 2 1.0 9 2.2
11. Zosteropus senegalensis Zosteropidae – – – – 9 4.3 9 2.2
12. Nectarinia olivacea Nectariniidae 2 1.8 2 2.3 4 1.9 8 1.9
13. Camaroptera brachyura Muscicapidae 1 0.9 2 2.3 5 2.4 8 1.9
14. Francolinus ahantensis Phasianidae 6 5.4 2 2.3 – – 8 1.9
15. Centropus senegalensis Cuculidae 1 0.9 1 1.1 5 2.4 7 1.7
16. Sylvietta brachyura Muscicapidae 4 3.6 1 1.1 2 1.0 7 1.7
17. Trachyphonus purpuratus Capitonidae 4 3.6 3 3.4 – – 7 1.7
18. Pogoniulus scolopaceus Capitonidae 2 1.8 1 1.1 3 1.4 6 1.5
19. P. bilineatus Capitonidae 2 1.8 1 1.1 3 1.4 6 1.5
20. Centropus  leucogaster Cuculidae 2 1.8 4 4.5 – – 6 1.5
21. Nigrita  luteifrons Estrildidae 1 0.9 – – 5 2.4 6 1.5
22. Thescelocichla Pycnonotidae 6 5.4 – – – – 6 1.5

   leucopleurus
23. Corvus albus Corvidae – – – – 6 2.8 6 1.5
24. Ceuthmochares aereus Cuculidae 2 1.8 2 2.3 1 0.5 5 1.2
25. Treron australis Columbidae 4 3.6 1 1.1 – – 5 1.2
26. Streptopelia semitorquata Columbidae 2 1.8 2 2.3 1 0.5 5 1.2
27. Nephron monachus Accipitricidae – – 3 3.4 2 1.0 5 1.2
28. Tropicranus albocristatus Bucerotidae 3 2.7 1 1.1 1 0.5 5 1.2
29. Nectarinia chloropygia Nectariniidae – – 2 2.3 3 1.4 5 1.2
30. Lamprotornis splendidus Sturnidae – – 3 3.4 2 1.0 5 1.2
31. Ptilopachus petrosus Phasianidae 5 4.5 – – – – 5 1.2
32. Andropadus latiroster Pycnonotidae 2 1.8 2 2.3 – – 4 1.0
33. Lybius hirsutus Capitonidae 2 1.8 1 1.1 1 0.5 4 1.0
34. Turtur tympanistra Columbidae 3 2.7 1 1.1 – – 4 1.0
35. Camaroptera chloronata Muscicapidae 1 0.9 2 2.3 – – 3 0.7
36. Pogoniulus atro-flavus Capitonidae – – 1 1.1 2 1.0 3 0.7
37. Gymnobucco calvus Capitonidae – – 1 1.1 2 1.0 3 0.7
38. Estrilda melpoda Estrildidae – – – – 3 1.4 3 0.7
39. Ploceus cucullatus Ploceidae – – – – 3 1.4 3 0.7
40. Quelea quelea Ploceidae – – – – 3 1.4 3 0.7
41. Tchagra senegala Malaconotidae – – 1 1.1 2 1.0 3 0.7
42. Cisticola cantans Muscicapidae – – – - 2 1.0 2 0.5
43. C. lateralis Muscicapidae - - - - 2 1.0 2 0.5
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44. Eremomela pusilla Muscicapidae 2 1.8 - - - - 2 0.5
45. Stiprornis erythrothorax Muscicapidae 2 1.8 - - - - 2 0.5
46. Fraseria ocreata Muscicapidae - - 2 2.3 - - 2 0.5
47. Macrosphenus flavicans Muscicapidae 1 0.9 1 1.1 - - 2 0.5
48. Muscicapa epulata Muscicapidae - - - - 2 1.0 2 0.5
49. Prinia erythroptera Muscicapidae - - - - 2 1.0 2 0.5
50. Terpsiphone rufiventer Muscicapidae - - 2 2.3 - - 2 0.5
51. Turtur afer Columbidae 1 0.9 - - 1 0.5 2 0.5
52. Ploceus nigricollis Ploceidae - - - - 2 1.0 2 0.5
53. Halcyon senegalensis Alcedinidae - - 1 1.1 1 0.5 2 0.5
54. Eurystoma glaucurus Coraciidae - - 2 2.3 - - 2 0.5
55. Lanius collaris Laniidae - - - - 2 1.0 2 0.5
56. Apalis shapii Muscicapidae 1 0.9 - - - - 1 0.2
57. Macrosphenus concolor Muscicapidae - - 1 1.1 - - 1 0.2
58. Lybius vieilloti Capitonidae 1 0.9 - - - - 1 0.2
59. Chrysococcyx caprius Cuculidae - - 1 1.1 - - 1 0.2
60. C. cupreus Cuculidae - - 1 1.1 - - 1 0.2
61. C. klaas Cuculidae - - 1 1.1 - - 1 0.2
62. Andropadus curvirostria Pycnonotidae - - 1 1.1 - - 1 0.2
63. Accipiter toussenelii Accipitridae 1 0.9 - - - - 1 0.2
64. Serinus mozxambicus Fringillidae - - - - 1 0.5 1 0.2
65. Mesopicos pyrrhogaster Picidae - - - - 1 0.5 1 0.2
66. Platysteria castanea Platysteiridae - - 1 1.1 - - 1 0.2
Total 108 90 213 411

Legend
PF = Pristine forest, SF = Secondary forest, FCLB = Forest-cultivated land boundary, Ind = Number of individuals, RA = Relative abundance

Species richness and representation
Eighty  nine  individual  birds  were  encountered  in  the  secondary  forest,  while  111  and  211  individuals  were 

recorded in the pristine forest and forest-cultivated land boundary, respectively. Shannon-Wiener indices (H) of 0.012, 
0.011 and  0.012 were  obtained for  the  secondary forest,  forest-cultivated  land  boundary  and  the  pristine  forest, 
respectively. The reverse Simpson index (i.e. 1-D) yielded values of 0.99, 0.93 and 0.96 for the secondary forest, 
forest-cultivated land boundary and the pristine forest,  respectively,  suggesting that the secondary forest had the 
highest bird species diversity. This is further supported by the values for the Shannon -Wiener index (Table 3). The 
Jaccard Index of Similarity (Cj) between the secondary and pristine forest yielded a value of 0.46, while the similarity 
between the  secondary  forest  and the  forest-  cultivated land boundary was  0.36.  The  pristine  forest  and  forest-
cultivated land boundary had a similarity of 0.29. Since a Jaccard index of ‘1’ implies complete similarity and ‘0’ 
denotes complete dissimilarity, the values revealed little or no similarity between the blocks in terms of bird usage. 
Since the habitat choice of birds is highly specific (Schwartz & Schwartz, 1951) and driven by plant communities, 
variations  in  bird  communities  for  the  various  blocks  suggests  different  habitat  types  which could be  reflecting 
different levels of habitat degradation. 

TABLE 3

Major bird families recorded in different habitats at Abiriw Sacred Grove 

Family          PF      SF FCLB
Sp % Ind % Sp % Ind % Sp % Ind %

Muscicapidae 9 25 29 25.0 7 17.5 15 16.9 7 17.1 16 7.6
Capitonidae 7 19.4 16 19.4 7 17.5 12 13.5 5 12.2 11 5.2
Cuculidae 4 11.1 6 11.1 5 12.5 9 10.1 2 4.9 6 2.8
Estrildidae 5 12.2 63 29.9
Pycnonotidae 4 11.1 19 11.1 4 10.0 17 19.1 2 4.9 39 18.5
Columbidae 4 11.1 10 11.1 3 7.5 4 4.5 2 4.9 2 1.0
Ploceidae 2 4.9 5 2.4
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Bucerotidae 2 5.6 12 5.6 2 5.0 7 7.9 2 4.9 11 5.2
Nectariniidae 2 5.0 4 4.5 2 4.9 7 3.3
TOTAL 30 92 30 68 29 160
H (Shannon-Wiener) 0.012 0.012 0.011
1-D (Reverse Simpson 0.96 0.99 0.93

Cj (Jaccard Similarity): PF/SF = 0.46, SF/FCLB = 0.36, PF/FCLB = 0.29

Conclusion and recommendations
The study established that the Abiriw Sacred Grove harbours a sizable number of bird species from savanna and other 
vegetation zones such as coastal thickets, even the primarily vegetation is forest. The traditional norms and taboos 
which previously prevented people from exploiting forest resources and products from the grove appeared to have 
been relaxed, resulting in general forest degradation. This adversely affected forest bird species and also opened up 
the forest for habitation by bird species from other habitats. Similarity indices indicated a trend of fragmentation in 
the grove, with the various fragments at different levels of degradation. 

It is recommended that a buffer zone of about 20 m should be created along the boundaries of the grove to prevent 
encroachment by estate developers who build too close to the grove. Furthermore, existing regulations should be 
vigorously enforced by the traditional authorities in the area, and new ones introduced, with severe sanctions applied 
to offenders to serve as a deterrent. Traditional award ceremonies should be instituted as one of the highlights of the 
annual yam festival to serve as incentives to individuals and organizations which contribute to biodiversity initiatives 
involving the grove.
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Abstract
Quantitative  surveys  of  the  intertidal  macro-fauna were  conducted  during September-October  1998 along  transects  established at  various 
locations along the Nigeria coastline, following the rupture of a 24-inch pipeline at Idoho, off the Gulf of Guinea, southeastern Nigeria on 12 
January 1998.  Samples were taken within impacted areas and at control unpolluted sites approximately 5 km to the east of the Idoho off-shore 
platform.   Spilled oil  moved rapidly  ashore  and into  river  mouths,  and  estuaries  and their  mangals  shortly  after  the  spills.   Biomass of 
macrofauna in the impacted areas tended to decrease with level of oiling, as the mean abundance decreased rapidly to about 50% of that found 
on the control unpolluted sites. Edible gastropod, mainly species of Tympanotomus fuscatus, and the brachyuran decapod, Uca tangeri, typically 
consumed by coastal inhabitants, had reduction in mean densities (up to 62%) in the oiled Bonny, Brass, Lagos and Forcados than in the non-
oiled areas of Imo, Andoni and Cross River, showing partial recovery of the environment from the debacle after 9 months.  The ecological 
implications of these findings are discussed.

Introduction
A 24-inch oil  pipeline ruptured at  Mobil-Idoho platform on the inner shelf  of  the Atlantic coast of southeastern 
Nigeria on 12 January 1998 releasing over 40,000 bbls (approxi-mately 6,000 tones) of Qua Iboe light crude oil into 
the marine environment over the next three days. More than 700 km of the Nigerian coastline including estuaries were 
impacted. Within the impacted zone were a number of macro-benthic communities, the dominant species of which 
included the edible gastropod, Tympanotomus fuscatus, the Ocypodid brachyuran, Uca tangeri and Ocypode cursor, 
and several species of bivalves and polychaetes. Some of the estuaries that were oiled are known to be subject to 
pollution from a number of sources including hydrocarbon, sewage, metal, etc., showing that the spill was not in a 
pristine environment. It was, therefore, essential to include as many factors as possible in the sampling programme to 
look at the spill effects.

In September 1998, 9 months after the oil came ashore, a rapid assessment survey was conducted at nearly all the 
estuarine/river mouths along the Nigerian coastline both within the oil impacted estuaries and at the clean control site, 
5 km east of the ruptured point. This included measurement of physical and chemical parameters of sea water, and 
presence and absence of typical macrobiota, together with estimates of overall abundance at each site.  Analysis of 
biota and physical characteristics demon-strated that a full range of Nigeria coastline habitat was present within the 
impacted area (Ewa-Oboho, 1998). As separation and classification of intertidal habitats were possible on the basis of 
macrobiota alone, this survey demonstrated that earlier predictions of massive species elimination were unfounded, 
and the result provided the basis for selection of permanent sites for longer-term studies published elsewhere (Ewa-
Oboho, in press). Nine months after the spill, a number of species (diversity) and individual species abundance were 
still lower at oiled areas in comparison with similar habitat clean control site. While normal diversity appeared to be 
the case at low tide levels of most impacted estuaries, the mid and the high tidal diversities ranged from 20 to 45% of 
the diversity on control sites.

One  major  problem plaguing  marine  biologists  is  the  identification  of  short-term  impacts  of  spill  petroleum 
hydrocarbons on off-shore marine environments due to the open, complex and very dynamic nature of the system 
(Boesch & Rosenberg, 1981). This is  because effects are usually subtle,  requires much funding and the relevant 
experimentation  great.  In  most  cases,  natural  variability  in  space  and  time  often  overshadow impact  effects  or 
confounds the resolution of such effects (Mcintyre & Pearce, 1980; Lewis 1982; Clark, 1982; Koons & Gould, 1998; 
Ewa-Oboho, 1988, 1994).

Limits of detection which are dependent upon the sampling design could plague identification also.  Insensitive 
methods using design with poor powers are capable of detecting only the gross effect, and have little to contribute to 
determination  of  potential  subtle  effects  (Boesch  et  al.,1986).  Effects  of  other  human activities  may complicate 
assessment, as practical difficulties are encountered in the comparisons of various uses and assignments of cause of 
observed  alterations  among  users.  Besides,  ecosystem  compounds  are  complexly  interralated  and  variation  or 
alteration in one biotic components may have subtle repercussions in another,  thus, contributing to the lingering 
uncertainty about adequate understanding of the effects of off-shore oiling.
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Recovery  gaps  do  exist  about  the  process  and  rates  of  recovery  of  living  resources  and  ecosystem after  oil 

perturbation. Thus, time required for a system to recover, however defined, can be use as a measure of significance of 
the spill effect (Oviatt et al. 1992, 1994). As Sell et al. (1995) has demonstrated, the natural recovery of some tropical 
oiled intertidal habitats elsewhere may take at least 5 years while McGlade & Price (1993) predicted 6–10 years. This 
paper summarizes results from quantitative surveys of macrobiata 9 months after oiling using standard techniques, 
designed to be capable of detecting the degree of environmental change which could be considered unacceptable.

Materials and methods
Sampling methods and locations
The sampling  area  stretched  from a  control  location,  5  km east  of  the  pipe  break  point  in  Cross  river  estuary 
(40o32’:06" N and 08o 04":46" E) to Takwa bay (Lagos) 06o  47" N and 03o 32’:51" E) (Fig. 1) approx. 700 km east of 
the spill spot. Five heavily oiled estuaries (R. Bonny, R. Brass, R. Forcados, R. Escravos and Lagos Lagon), together 
with four unoilded ones (R. Imo, Cross river, Qua river and R. Nicholas) (Fig. 1) were chosen for sampling. Also, 
Bonny, Sangana, New Calabar, Andoni and Nun rivers were sampled at random. In total 104 stations were sampled 
during the period 15 September–30 October 1998. Two creeks were sampled per river, two transects per creek and 
two stations per transect.

Fig. 1. Shoreline oiling map from aerial video survey on 16, 17 and 28 January 1998 showing oiled areas along the Nigeria coastline

Sampling stations were positioned at two shore levels, upper eulittoral (UE) and middle eulittoral (ME) together 
with the subtidal fringe, when tides allowed, based on biotic zonaton (Jones, 1986). Epibenthos was sampled by 
taking five random 1 cm2 quadrats, and macrobiota recorded as percentage cover, or counted where appropriate. On 
soft bottom sites, a 0.25 m2 area was initially sifted by hand for microbiota and then all surface material scrapped (to 
10  cm depth)  and  sieved.  This  allowed  discrimination  between  live  and  dead  mollusks.  Infaunal  benthos  were 
sampled by tripricate 0.1-m2 cores to a depth of 15 cm. These were sieved using a 1-mm mesh and fauna preserved in 
formalin for identification and counting under a stereomicroscope. Only heads were counted for broken polychaetes. 
Average station values of abundance and biomass were used for analysis.

Records from key species sheets were entered into a computer and subjected to the following methods of analysis 
to determine similarities between stations and shore levels based on species lists. These included:
i) Principal component analysis based on species presence and absence data.
ii) Covariance matrix using species presence at more than two stations, and
iii) Hierarchical agglomeration (cluster analysis) using Tanimoto and Kulazynki indices (Jones & Richmond, 

1993; Prena, 1996). Both principal component analysis and cluster analysis separated sand, mud and mangrove 
habitats clearly based on biota alone, confirmed by comparison with physical data collected from each site and 
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provide  a  habitat  classification  for  all  sites  for  future  longer-term  observation  (Ews-Oboho,  1998;  Jones  & 
Richmond, 1993; Jones et al., 1996).

Sediments
Sediment  grade  analyses  and  organic  carbon  measurements  were  made  on  replicate  samples  collected  from 

undisturbed sediment at each station.  Sediment samples were obtained with a corer down to a depth of 10 cm. Their 
salt content was removed in the laboratory (McManus & Buller, 1975). Sediment grade analyses were carried out by 
dry-sieving and pipette analysis (Buchanan & Kain, 1977), while the organic content of sediment was determined by 
the wet dichromate oxidation method (Morgans, 1956).

Results
Environmental setting – physical conditions
Based on numerical analysis, sediment distribution in the creeks of the estuaries were predominantly silt-clay (72–
95% silt clay) (Table 1). In the sublittoral areas along river channels and at river mouths, sediments were mostly sand, 
due perhaps to the high water velocity in these environments. The mean values of silt-clay per river (creek) was 90%. 
Sediment  in  Lagos,  Forcados,  Brass,  Qua  Iboe,  Imo  and  Cross  River  had  high  organic  carbon  content  with 
corresponding low species diversity (Table 1, R = 0.75). Though sediment could represent an important source of 
food for sediment-dwelling benthos, the low number of species found in Lagos, Forcados, Brass and Bonny, despite 
high percentage organic carbon, could be attributed to the presence of toxic hydrocarbons bound to the clay-silt 
sediment.  Generally, high values of organic carbon were found in the oiled areas as compared to that in the unoiled 
control estuaries (P < 0.05 F-test One-Way Anova).

TABLE 1
Sediment distribution and percentage organic carbon content in oiled and control estuaries with corresponding number of species

Locations Silt clay % Sand % Organic carbon % Species diversity (H)

Lagos 95 5 6.5±3.0 6
Escravos 87.4 12.6 8±0.2 8
Forcados 91.4 12.6 5.9±03 6  
Bonny 72.5 27.9 4.6±0.2 10
Brass 86.1 22.1 5.3±0.2 5
Andomi 85.8 13.9 1.8±0.2 20
Imo River 89.2 10.8 1.8±0.2 18
Cross River 95.3 4.7 2.6±0.2 18

Benthic survey
To reduce the risk of considerable error in statistical computation, benthic counts in this study were transformed to 

normalized data and increase precision, using the log-transformation. This eliminated the dependence of variance on 
means. The Arcsine transformation which is especially appropriate for percentages and proportions was also applied 
where necessary. A total of 3,264 organisms, comprising species of macro-zoobenthic forms, were collected during 
the survey. Polychaetes and crustaceans dominated by species and number (31.2%, 55.6%) and (20.8%, 28.9%), 
respectively. They were followed by molluscs (16.9%). The mean biomass contributed by each of the three major taxa 
is shown in Table 2. There was no correspondence between the distribution of biomass and the position of clusters. 
This is reflected in the high variance of the mean biomass within the clusters. Generally, however, biomass decreased 
with level of oiling (Table 2), the highest biomass occurring in clusters of slight or no oiling. Thus, the biomass of the 
macrofauna in the oiled area in the Niger delta, in general, appears to be dominated by molluscs.

TABLE 2
Species and biomass distribution of major taxa in relation to level of oiling in the study area, 1998

Cluster Polychaetes Mollusks Crustaceans
Species Ind. Biomass Species Ind. Biomass Species Ind. Biomass

Heavily 15.8 432 1.0 12.7 265 1.6 17.2 182 0.9
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oiled
Lightly 18.5 586 1.7 15.1 400 3.5 20.1 601 2.2
oiled
No oil 17.2 448 2.4 18.3 368 4.8 12.3 321 2.3

Control 18.7 526 2.1 20 652 3.8 48.9 626 2.0

The stations (rivers) were grouped on the basis of their degree of oiling after the spill, namely heavily oiled, lightly 
oiled, no oil and control. Table 3 shows the mean abundance of the five most abundant macro-zoobenthos in each 
cluster.  Among the  three  main taxa polychaetes,  molluscs  and crustaceans),  polychaetes  had the highest  species 
number per station while crustaceans had the lowest in all clusters (Table 3). In terms of abundance, all clusters, 
excecpt  the  control,  were  numerically  dominated  by  polychaetes  (Table  3).  The  species  Capiteilla  capitata and 
Polydora dominated the heavily oiled cluster while the species Scolopus fragalis, Nereis and Megalone papillicomis 
were the dominant polychaetes in the no oil cluster (Imo river), Noticeable, however, were high densities of molluscs 
in the control cluster (Cross river).

TABLE 3
Mean abundance of major taxa in relation to level of oiling

Cluster Species Mean Numerical Presence  (%) Degree of Degree of
abundance dominance association association
(Ind. m-2) % regarding concerning

individual (%) stations (%)

Heavily Oiled Nereis sp. 86 9 30 92 74
(Escravos, Lagos) Capitella capitata 98 10 86 30 88

Polydora 80 8 86 65 50
Aphrodite aculeate 62 6 94 25 21
Uca tangeri 126 3 90 36 68

Light oiled Syllis protifera 68 7 100 28 81
   (R. Brass)
mud, sandy Nepthys sp. 79 7 82 45 25

Mya arenaria 85 9 84 62 30
Balanus balaniodes 112 13 96 25 80
Uca tangeri 60 11 64 78 72

No oil (Imo R.) Tellina fibula 90 5 22 16 65
   sandy, mud

Tympanotomus 
 fuscata 510 3 78 38 30

Mya arenaria 102 6 88 7 45
Balanus balaniodes 46 3 72 16 60
Uca tangeri 128 9 94 25 12

Control Glycera 52  8 100 16 65
   (Cross River)

Mya arenaria 56 8 100 38 30
Thais califera 40 6 89 7 48
Uca tangeri 120 15 100 16 60
Tympanotomus 174 18 72 55 12
 fuscata

Fig. 2 shows species abundances in relation to percentage organic carbon for the impacted and the un-impacted 
estuaries. Mean abundance of species decreased rapidly to about 50% of that found on the control and the unimpacted 
areas with polychaetes as the dominant taxa. The surge in sediment organic carbon as found in Qua river could be 
ascribed to the chronic discharge of hydrocarbons in Ibeno oil terminal operational area. The mean spatial species 
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abundance for two edible macro-benthos, Tympanotomus fuscata, and the fiddler crab, Uca tangeri, are shown in Fig. 
3. After 9 months of oiling, mean population densities were 58–62% in the oiled areas of Lagos, Brass and Bonny 
than in the no oil areas of Imo river, Andomi and the controls areas of Cross river, where densities of 280 and 250 
individuals  m-2 were recorded for  periwinkles  and crabs,  respectively.  This  showed that  recovery was yet  to  be 
achieved at the mid and high tidal marks.

Fig. 2. Spatial variation in percentage organic carbon of sediment with corresponding species diversity in the oiled and non-oiled areas

Fig. 3. Mean population density of Heteromastus filiformis in the oiled and non-oil areas (HTL/MTL 1998)

Fig. 4–7 plot mean population densities for opportunistic polychaetes sampled quantitatively from oiled areas of 
Lagos, Escravos, Brass and Bonny and non-oiled areas of Andoni, Imo and Cross River (control) at high and mid-
tidal levels. The polychaetes family  Capitellidae includes several opportunistic species, e.g.  Capitella capitata and 
Heteromastus filiformis,  capable of reaching high densities in the presence of abundant organic detrital  food and 
absence of  competitors.  Fig.  4  shows the  increase  in  population density  of  Heteromastus filiforms for  the  oiled 
compare with the non-oiled areas. As with Heteromastus there is a dramatic increase in abundance of Polydora (Fig. 
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5). The population density of C. capitata was not as dramatic as in other species (Fig. 6). Mean population of Nereis  
sp. was found to have reduced when compared with densities at the non-oil sites and the control, though densities 
reached were not as high as with other species (Fig. 7).

Fig.4. Mean population density of Polydora sp. in the oiled and non-oiled area (HTL/MEL 1998)

Fig. 5. Mean population density of Capitella sp. in the oiled and unoiled areas (HTL.MEL 1998)
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Fig. 6. Mean population density of Neries sp. in the polluted and unpolluted areas (HTUMTL 1998)

Discussion
Sediment
Particle grade analysis  showed that  sediment  in  the  region was mostly  silt-clay with small  proportions  of  sand, 
conforming to that of most  mangrove ecosystems previously studied (Macnea, 1968; Dangana, 1980; Ekweozor, 
1985; Ombu, 1987; Ewa-Oboho, 1988, 1993, 1994).  This stems from the fact that the sampling locations were mostly 
sheltered, which favoured the depositon of high volumes of silt carried in from run-offs and adjoining rivers.  The 
organic matter content of silt-clay presumably plays some vital role in attracting deposit feeders to this habitat.  Fine 
silt and clay generally represent a stable wave and current regime, but are structurally homogeneous.  

A heterogeneous sediment of varying particle size gives more structural heterogeneity and potential niche spaces 
and, therefore, higher species diversity.  The low zoo-benthic diversity observed in the area was perhaps because the 
bottom in most sites sampled was soft mud of silt/clay sediment. Under the circumstances, benthic infaunal species 
are faced with anoxic environmental conditions caused by abundance of microbes which constantly use up oxygen. 
Besides, the constant clogging of fine and delicate morphological structures, hindering respiration and feeding, even 
in the presence of abundance of organic matter, is also a critical factor limiting faunal densities in soft muddy bottoms 
prevalent in the survey.

The level of organic carbon of the sediment is a major factor that influences the distribution of benthic fauna, 
especially the deposit feeders (Beukema, 1976). Higher levels of organic matter favour higher densities and species 
diversities of macrozoo-benthos in marine sediments (Beukema, 1976). Increased organic carbon of sediment has 
been associated with major oil spills.  Together with the high clay/silt sediment characteristics of the area, it was not 
surprising, therefore, that the major substrate types in Lagos, Escravos, Brass and Forcados had significantly higher 
percentage organic carbon in the sediment which harboured lower fauna densities in the oiled than in the unoiled areas 
(Table 1). This decreases in density could be ascribed to the long period of stay of petroleum hydrocarbons within the 
fine/clay sediment particles, thus, prolonging the toxic effects.

Faunal population densities
Impacted benthic communities usually respond to oiling stress, the extent of which depends on the severity of the 

oiling. In most severe cases, infaunal communities suffer drastic reduction in densities (Ewa-Oboho, 1988, 1994; 
Levell, 1975). Only a few opportunistic species will be found in large numbers shortly after-spill. In simulated oil 
spill studies Uca juveniles were found massively exterminated by oiling of the Bonny mud flat (Ewa-Oboho, 1994). 
Usually, opportunistic species are stress-enduring with very large population size and relatively high reproduction 
rates. They invade stressed environment where they may grow to very large numbers. Following the Odoho oil spill, 
one can,  therefore,  determine the  post-impact  on infaunal  communities  by comparing (a)  degree of  invasion by 
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opportunistic  groups,  (b)  degree  of  opportunism of  the  species  that  invade  the  area,  and  (c)  mean  densities  of 
indigenous species.

In  the  study,  three  opportunistic  polychaetes  were  generally  observed,  namely  Polydora sp.,  Heteromastus 
filiformis and Capitella capitata. Using the above criteria, it was possible to ascertain the effect of the spill on the 
benthos. Firstly, the area densities of Polydora spp., H. filiformis and Capitata species, at the oiled stations (estuaries) 
were more than densities at the unoiled estuaries, suggesting the apparent stability of opportunism demon-strated by 
the species. As tropical estuaries are constantly under stress from various toxicants and stress induced by constantly 
changing  environmental  factors,  opportunism has  become  an  important  biological  phenomenon  in  the  estuaries 
whether oiled or not; thus, explaining the occurrence of  Polydora  sp., H. filiformis and  C. capitata in the control 
(Cross river) and the unoiled estuaries of New Calabar, Andoni and Imo rivers (Fig. 4, 5 and  6). No compatible 
earlier records are available to compare with the densities and number of most species presently found, because of the 
variety in sample sizes and instrument employed in the relatively few earlier studies. However, the distinct differences 
in species density, as illustrated in Fig. 4, 5 and 6, leave little doubt that this is a persistent phenomenon.  

Coarse sand and high current habitats close to the mouths of the estuaries of Bonny, Imo and Cross rivers may 
explain the low species densities in these areas. The physical stress exerted by water movement on the bottom may be 
an obvious factor involved. This could cause fragile species to be mechanically removed, preventing recruits from 
colonizing an area or food particles from reaching the bottom. With a sparse food supply, competition will be severe, 
which can lead to a reduction in the number of individuals and species. The mudflat crabs and periwinkles were found 
to have reduced in number after the 1998 spills, when densities were compared with earlier records and control clean 
sites (Ewa-Ohoho, 1998, 1994).  It  may well also be that  reduction in densities of  these species,  particularly the 
periwinkles, could be due to human interaction, being a source of food for most communities in the area.

Although a comparison between previous and present data on faunal biomass is hampered by large variance and 
sampling grid, some general trend appeared to be consistent, namely that biomass of species generally decreased with 
severity of oiling (Ewa-Oboho, 1994). This was the case in the present studies as biomass of taxa decreased with 
oiling effect. The high biomass values of muluscs could be due to the large numbers of a few large individuals of 
Abra species collected during this period. As species diversity on impacted locations has not improved after 9 months 
of the spill compared with the control sites, recruitment for replacement of species must have been slow, showing that 
the environment in these areas had not recovered 9 months after the spill. This generally agrees with the time-scale for 
full recovery of mangrove swamps from spilled oil effects, which is between 2–3 years (Ewa-oboho, 1998; in press).

Conclusion
Some of the inferences drawn from this study are biomass of macro-fauna decreased with severity of oiling. There 
was evidence of adverse effects of the oil spill on benthic infaunal organisms 9 months after spills, as mean densities 
of organisms in control areas were different from those in the oiled and unoiled areas. There was clear evidence of 
some opportunistic species (e.g.  Cepitella  sp. and  Polydora  sp.) tending to increase in numbers but this cannot be 
clearly ascribed to the Idoho oil spill, as the area is consistently under stress of organic infusion from urban wastes as 
well as minor occasional oiling. The edible gastropod  Tympanotomus fuscatus and the ocypodid crab  Uca tangeri 
showed  significant  reduction  in  mean  population  densities  in  the  oiled  area  when  compared  with  densities  in 
unpolluted sites. It is possible that these cannot be ascribed to the spill as these animals may have been fished for food 
by  the  inhabitants  of  these  areas.  Reduction  in  densities  could,  therefore,  have  been  due  also  to  direct  human 
intervention in the area.
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Abstract
The water quality and river catchment characteristics of Ankasa, Asuboni and Pawnpawn rivers in Ghana where Podostemaceae grow were 
determined using standard methods. The altitude of the sites ranged from 100 to 290 m above sea level. The catchment areas for the sites vary 
from 35 to 171 km2. Between 10–81% of the catchment areas of the sites are within forest reserves. The study showed that the Podostemaceae in Ghana inhabit rivers 
with the following range of physico-chemical characteristics: pH 6.7–7.3, calcium 2.2–16.0 µg l-1, ammonia-nitrogen 0.07–0.90 mg l-1, chloride 6.8–38.0 mg l-1, 
electrical conductivity 26.4–138.0 µS cm-1, magnesium 0.4–9.7 mg l-1, nitrate-nitrogen 0.1–0.6 mg l-1, phosphate 0.01–0.30 mg l-1, silicate 0-
21.4 mg l-1 and sulphate 1.5–20.8 mg l-1. The results indicate the quality of water at the habitat of Podostemaceae in Ghana.

Introduction
The family Podostemaceae is  one of  the  most  remarkable freshwater  herbaceous flowering plant  families.   This 
unique family consists of haptophytic and rheophytic plants (van Steenis, 1981; Cook, 1996) generally referred to as 
‘river-weeds’. They occur usually in tropical and sub-tropical regions and occasionally in temperate regions, e.g. 
Podostemum ceratophyllum Michx. occurs in temperate North America (Philbrick & Crow, 1983) and  Cladopus 
austro-osumiensis Kadono & Usui in Japan (Kadono & Usui, 1995).  The c.269 species in c.50 genera of the family 
occur in the Neotropics and Old World (Ameka, 2000). They grow in fast flowing streams and rivers, and plummeting 
waterfalls, with distinct seasons of high and low flow regimes.  Vegetative growth occurs during high water level and 
flow in the rainy season, and flower and fruit production occur during low water level and flow in the dry season. 
While many Podostemaceae species are annuals, others are perennials.

Podostemaceae are usually the most significant macrophytes in tropical rivers and play very important roles in 
tropical river ecology. They are involved in primary production contributing to autochthonous carbon (Quiroz et al., 
1997), and are important food source for aquatic herbivores (Gessner & Hammer, 1962). They are also involved in 
nutrients uptake and release.  Their eventual use by detritus feeders is also important. They also act as substrata for 
diverse assemblage of epiphytic microscopic flora as well as habitat for aquatic fauna.

Sioli (1986) has stated that rivers are the most polluted among tropical aquatic ecosystems. This is because rivers 
receive more pollutants as the human population and development needs increase. In recent years there has been an 
increase in land use in the catchment areas of tropical rivers, e.g. for farming, roads, logging, mining, etc. resulting in 
the  introduction  of  pollutants  from industries,  agro-chemicals  and  mine  effluents  into  some  of  the  rivers.  This 
threatens the habitats of Podostemaceae and other river biota. Philbrick & Crow (1983), Philbrick & Novelo (1995) 
and Novelo & Philbrick (1997) have reported on the possible loss of Podostemaceae species in North America (USA 
and Mexico) due to human impacts on the rivers in which the species are found. Cross Bell (1990) has provided 
evidence that the disappearance of three Podostemaceae species down stream of a rubber factory in India was due to 
acid discharge from the factory into the river. Such anthropogenic impacts on the survival of Podostemaceae indicate 
the need to conserve and protect the habitats of the species.

Data on water quality at the sites where Podostemaceae occur are scanty except for work done, e.g. by Grubert 
(1975) in South America, Noro et al. (1994) in Japan and Quiroz et al. (1997) in Mexico. It is important that baseline 
data on water quality where Podostemaceae grow are gathered so that the extent of changes in the future, particularly 
through anthropogenic activities  could be assessed and corrective measures  taken before  the change reaches  the 
threshold. This is important because many of the Podostemaceae species occur in single rivers or small geographical 
areas (Cook, 1996; Ameka et al., 2002), and the destruction of their habitats can lead to total loss of the species. This 
paper is a contribution to efforts at providing data on water quality at the habitat of the Podostemaceae family and 
draws attention to the threats posed by human activities to the sites where the Podostemaceae thrive.  The water 
quality at the habitats of three Podostemaceae species, namely  Lederman-niella bowlingii  (J. B. Hall) C. Cusset, 
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Saxicolella amicorum J. B. Hall, and Tristicha trifaria (Bory ex Willd.) Sprengel occurring in Ghana is presented in 
this paper.  

Materials and methods
River-rapids  on  the  Asuboni,  Ankasa  and  Pawnpawn  rivers  in  southern  Ghana  (Fig.  1),  where  the  three 
Podostemaceae species  Ledermanniella bowlingii,  Saxicolella amicorum and  Tristicha trifaria,  respectively, grow 
were sampled once a month from January 1997 to December 1998 to determine the water quality of the habitats of the 
species. For each species, water samples were collected from one particular point in the river throughout the period of 
study for physico-chemical analysis. This point was used as reference in determining the catchment area of the river.

Fig. 1. Asuboni, Ankasa and Pawnpawn rivers in southern Ghana where Podostemaceae were found and water quality determined

The water  samples were collected in 250 ml pre-washed and labelled polypropylene bottles.  The bottles were 
washed three times in tap water and finally rinsed in distilled water. The sample bottles were again rinsed three times 
with the river water before sample taking. Samples were taken by filling the bottles to the top to exclude air. The 
bottle lids were also washed in the water and screwed on while the bottles were still submerged. Care was taken not to 
disturb the riverbed near the point of sampling and this was achieved by positioning the bottle fairly upstream from 
the spot in the water where the collector was standing.

Hydrogen ion concentration (pH) was measured using a Jenway 3071 pH meter and the electrical conductivity was 
determined  with  a  Jenway  4071  Conduc-tivity  meter  in  the  field.  The  water  samples,  other  than  those  for 
determination of pH and electrical conductivity, were stored on ice and transported to the laboratory where they were 
kept in a refrigerator at 4 oC and analysed.

Twelve  parameters  including  ammonia-nitrogen,  calcium,  chloride,  magnesium,  nitrate-nitrogen,  phosphate, 
silicate  and  sulphate  content,  total  dissolved  solids,  total  hardness,  total  suspended  solids  and  turbidity  were 
determined according to the relevant standard methods cited in Table 1. The following characteristic features at the 
sites were also recorded:
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TABLE 1

Methods used for river water analysis. Unless otherwise stated the methods used are as described in APHA-AWWA-WPCF (1989)

Parameter Method

Orthophosphate (PO4-P) Reaction with molybdate (Mackereth et al., 1978)
Chloride (Cl-) Silver nitrate titration with potassium dichromate
Sulphate (SO2-

4) Turbidimetric using barium chloride
Silicate (SiO4) Molybdosilicate method
Calcium (Ca2+) and total hardness Titration with ethylenediamine tetraacetic acid
Magnesium (Mg2+) Calculated as mg l-1 Mg = (total hardness – Ca2+) × 0.244 
Ammonia-nitrogen (NH3-N) Indophenol blue method (FAO, 1975)
Nitrate-nitrogen (NO3-N) Hydrazine reduction, followed by diazotizing to form an Azo dye
Turbidity Nephelometric method
Total suspended solids As non-filterable residue dried at 105 oC, mg l-1

Total dissolved solids As filterable residue dried at 180 oC, mg l-1

1. The geographical co-ordinates of the sites using a Global Position System, Garmin GPS 45, set to read in degrees 
and minutes.

2. The altitude (height above sea level) using THOMMEN TX altimeter.
3. Rock types identified in permanent mounts of 3 mm-thick rock sections examined under a Nikon HFX Scientific 

microscope.
4. The Forest type according to the classification of Hall & Swaine (1981).
5. Relevant rainfall data provided by the Ghana Meteorological Services Depart-ment and Ameka (2000).
6 River catchment characteristics accord-ing to geological survey maps of the Survey Department of Ghana (Anon., 

1973).

Study area
The altitude and geographical co-ordinates of the study area are shown in Table 2. The riverbed in Ankasa river at 

the site where S. amicorum grows consists of solid rock, boulders and rocks of various sizes. The rock is composed of 
100% quartz vein and it is of the Lower Birimian formation. At the site in Asuboni river where L. bowlingii grows, 
the riverbed is also made up of solid rock and rocks of various sizes while in the Pawnpawn river where T. trifaria 
occurs the riverbed is of solid rock.  The rocks of the Asuboni and Pawnpawn riverbeds are composed of almost 
100% quartz and are part of the Obosum sandstone of the Voltaian formation.

TABLE 2
Geographical position and altitude, in metres above sea level, of the study sites

Locality River Latitude, N Longitude, W Altitude (m)

Ankasa Ankasa 50 13.50 20 39.12 100

Kwahu Nteso Asuboni 60 45.00 00 35.52 290

Huhunya Pawnpawn 60 11.34 00 12.91 275

The rainfall at the Ankasa site is bimodal, occurring mainly in May-June and in September-November.  The mean 
annual rainfall is about 2,035 mm (Ameka, 2000).  At the Asuboni and Pawnpawn sites the rainfall is also bimodal, 
occurring mainly in May-June and September-October but with lower mean annual rainfall of about 1,560 mm and 
1,174 mm in Asuboni and Pawnpawn sites, respectively (Ameka, 2000). Asuboni and Pawnpawn rivers are seasonal. 
High water  occurs  during the rainy season (May-June) and low water  during the  dry season (November-April). 
Asuboni river dries up from about February to March/April and Pawnpawn river is dry in January.  Ankasa river, 
however, is perennial but shows distinct seasonal fluctuation of alternating periods of high flow in May-June and low 
flow between December and March.
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The forest type at Ankasa site is wet evergreen (Hall & Swaine, 1981) and it is known as the Ankasa Resource 

Reserve. Dry semi-deciduous forest type occurs at the Asuboni and Pawnpawn sites (Hall & Swaine, 1981). The 
forest at Asuboni has been severely degraded by bush fires but that at Pawnpawn is a fairly intact (non-degraded) 
reserved forest called Boti Falls Forest Reserve. The catchment area for each river from the sample site was calculated 
and is shown in Table 3. Also shown are the proportions of the catchment area in forest reserves and outside forest 
reserves.

TABLE 3
Characteristics of the catchment areas of the Ankasa, Asuboni and Pawnpawn rivers

River Area Area inside Area outside 
forest reserve forest reserve

(km2)  (km2)  (km2)

River Ankasa 89.4 81.1 8.3
River Asuboni 171.8 10.3 161.5

River Pawnpawn 35.0 35.0 0.0

Results and discussion
The results of the measurements and chemical analyses of the physico-chemical variables of Ankasa, Asuboni and 
Pawnpawn rivers at  the sites  where Podostemaceae occur are presented in Fig.  2–5.   The range (minimum and 
maximum) values are also shown in Table 4. The habitat of L. bowlingii in the Asuboni river was dry in February–
April during the study period, and that of T. trifaria in Pawnpawn river was dry in January. Water quality at the three 
sites did not differ very much except for total dissolved solids, electrical conductivity and nitrogen compounds (Fig. 
2–5).  Total dissolved solids and electrical conductivity were higher in Asuboni and Pawnpawn rivers than in Ankasa 
river. On the other hand, nitrogen compounds were higher in Ankasa river than in Asuboni and Pawnpawn rivers.

The study examined the water chemistry of the rivers harbouring the Podostemaceae (see Table 4 and Fig. 2–5). 
All the three rivers, Ankasa, Asuboni and Pawnpawn, had very low total suspended solids of 0–7 mg l-1. A similar study in 
Japan reported suspended solids of 3 mg/l (Noro et al., 1994). It appeared that low total suspended solids in rivers 
suited the growth of Podostemaceae species as the attachment of seeds and seedlings to the substrata would not be 
disturbed by deposits of particles or silt on the surface of the substrata. Turbidity of the water was consequently low, 
between 2 and 13 NTU which allowed adequate illumina-tion of the submerged plants.

TABLE 4
The range (minimum and maximum) values of 14 chemical variables measured in Ankasa, Asuboni and Pawnpawn rivers.  (For each variable,  

N = 24 for Ankasa; N = 18 for Asuboni; and N = 22 for Pawnpawn)

Parameter Ankasa Asuboni Pawnpawn

Ammonia-nitrogen (mg l-1)   0.07–0.91   0.11–0.38   0.14–0.39
Calcium (mg l-1)   2.20–15.00   4.00–16.00   4.00–12.00
Chloride (mg l-1) 12.50–30.00 10.00–38.00   6.80–35.00
Electrical conductivity (µS cm-1) 26.40–52.40 46.40–129.80 43.90–138.00
Magnesium (mg l-1)   0.49–5.35   1.46–9.72   0.45–8.51
Nitrate-nitrogen (mg l-1)   0.14–0.35   0.11–0.54   0.13–0.61
pH   6.65–7.20   6.80–7.30   6.76–7.29
Phosphate (mg l-1)   0.03–0.09   0.01–0.33   0.02–0.08
Silicate (mg l-1)   0.00–15.21   0.00–21.33   8.12–21.37
Sulphate (mg l-1)   1.52–7.20   4.06–8.90   3.18–20.75
Total dissolved solids (mg l-1) 21.30–38.00 30.00–88.20 32.60–89.50
Total hardness (mg l-1) 10.00–30.00 10.00–55.00 10.00–55.00
Total suspended solids (mg l-1)   0.00–2.00   0.00–7.00   0.00–2.00

Turbidity (NTU)   2.00–12.00   3.00–11.00   2.90–13.00
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Fig. 2. Seasonal changes in pH, total hardness and cations (magnesium and calcium) in Ankasa, Asuboni and Pawnpawn rivers, 1997 and 1998
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Fig. 3. Seasonal changes in major anions (chloride, phosphate, sulphate and silicate) in Ankasa, Asuboni and Pawnpawn rivers, 1997 1998
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Fig. 4. Seasonal variation in turbidity, suspended solids, total dissolved solids and electrical conductivity in Ankasa, Asuboni and Pawnpawn 
rivers, 1997 and 1998
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Fig. 5. Seasonal variation in ammonia-nitrogen and nitrate-nitrogen in Ankasa, Asuboni and Pawnpawn rivers, 1997 and 1998

The pH range of 6.7–7.3 is similar to the range recorded for the majority of West African rivers (River Niger, pH 
7.1–7.8; River White Volta, pH 6.7; River Black Volta, pH 7.8; River Senegal, pH 7.4; River Bandama, pH 6.9; River 
Logone-Shari,  pH 7.5; River Oshum,  pH 7.2–8.0) as reported by John (1986). Similarly, the Kaminokawa river in 
Japan in which  Hydrobryum japonicum Imamura was growing had  pH range of 6.8–7.0 (Noro  et al.,  1994), and 
Mexican rivers in which Podostemaceae were growing had pH range of 7.1–9.1 (Quiroz et al., 1997).

There were detectable levels of all the nutrients measured.  Comparing with a relevant study by Quiroz et al. (1997) 
in Mexico, the present values are suited to the growth of Podostemaceae. For example, calcium levels in the three 
rivers ranged from 2.2 to 16.0 mg l-1, and the levels in the 28 rivers in Mexico ranged from 0.1 to 9.9 mg l-1. Other 
corresponding pairs of values are 0.5–9.7 mg l-1 and 0.1–3.2 mg l-1, respectively, for magnesium; 0.01–0.30 mg l-1 

and 0.1–0.6 mg l-1,  respectively, for  phosphate; and 0.1–0.9 mg l-1 and 0.1–1.9 mg l-1,  respectively, for  nitrate-
nitrogen. 

An interesting observation was that the maximum levels of nitrate-nitrogen of 0.0, 0.5 and 0.6 mg l-1 for Ankasa, 
Asuboni and Pawnpawn rivers, respectively, and the corresponding values of 0.9, 0.4 and 0.4 mg l-1 of ammonia-
nitrogen (Table 4) seem to relate directly to the proportions of the catchment areas occupied by forest reserves, i.e. 
81.1, 10.3 and 35.0 km2, respectively, for Ankasa, Asuboni and Pawnpawn rivers (Table 3). The greater the area of 
forest reserve, the greater the amount of litter received by the river and the greater the amount of plant decomposi-tion 
products added to the water. However, the amount of litter did not reach levels which would foul the water.

The geology of the parent material affects the availability of substances for export to rivers. The riverbeds in 
Asuboni and Pawnpawn rivers are of sandstone rock. Sandstone-derived soils are generally relatively nutrient poor 
and acidic and this was reflected in river water chemistry of Asuboni and Pawnpawn rivers. Quartz vein rocks are 
primarily made up of silica and, therefore, rivers with such bedrock, as is the case at Ankasa site, should be nutrient 
poor. Thus, many of the physico-chemical parameters measured did not vary much between the three river sites.
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Forest cover and rainfall amounts affect water chemistry.  Ankasa site is located in high rainfall evergreen forest 

where rivers are usually perennial. The other sites, Asuboni and Pawnpawn, occur in low rainfall dry semi-deciduous 
forest zones.  Here, the rivers are usually seasonal.  Under high rainfall and evergreen forest cover conditions, the 
river tends to have high nitrate and ammonium concentrations (Table 4).  This may reflect decomposition of litter-fall 
directly into the river from the surrounding trees and surface runoff. In low rainfall areas most water entering the 
rivers is by slow, deep seepage from the soil profile rather than surface flow, with the result that it is high in total 
dissolved  solids  and  cations.   River  catchments  with  a  high  proportion  of  closed-canopy forest  (as  at  Ankasa) 
compared with open types (as at Asuboni and Pawnpawn) have lower dissolved solids concentration (Table 4). 

References
Ameka G. K. (2000).  The Biology, Taxonomy and Ecology of the Podostemaceae in Ghana.  (PhD Thesis.) Department of Botany, University 

of Ghana, Legon.
Ameka G. K., Pfeifer E. and Rutishauser R. (2002). Developmental morphology of Saxicolella amicorum and S. submersa (Podostemaceae: 

Podostemoideae) from Ghana.  Bot. J. 319: 255–273.
Anonymous (1973). Ghana Survey Maps. The Survey Department, Ministry of Lands and Mineral Resources of Ghana, Accra. 
APHA-AWWA-WPCF (1989). Standard Methods for the Examination of Water and Wastewater,  17th edn. Port City Press, Baltimore, USA.
Cook C. D. K. (1996). Aquatic Plant Book, 2nd revised edn. SPB Academic Publishing, The Hague.
Cross Bell D. (1990). Biomonitoring the effect of rubber factory effluent on hill stream in Kanya Kumari district. Geobios 17: 220–222.
FAO (1975).  Manual of Methods in Aquatic Environment Research.  Part I –  Methods for Detection, Measuring and Monitoring of Water  

Pollution. FIRI/T137, Rome.
Gessner  F.  and  Hammer  L.  (1962).  Ökologisch-physiologische  Untersuchungen  an  den  Podostemonaceen  des  Caroni.  Int.  Revue  ges.  

Hydrobiol. 47: 497–541.
Grubert M. (1975). Oekologie extrem adaptierter Blütenplanzen Wasserfälle. Biologie Zeit 5: 19–26.
Hall J. B. and Swaine M. D. (1981). Distribution and Ecology of Vascular Plants in a Tropical Rain Forest.  W. Junk, The Hague.
John D. M. (1986).  The inland waters of tropical West Africa.  An introduction and botanical review.  Ergebn. Limnol. 23: 1–222.
Kadono Y. and Usui N. (1995). Cladopus austro-osumiensis (Podostemaceae), a new rheophyte from Japan. Acta phytotax. geobot. 46(2): 131–

135.
Mackereth F. J. H., Heron J. and Talling J. R. (1978). Water Analysis. F.B.A. No. 36.
Noro T., Suzuki H. and Kanayama T. (1994). Water Quality at the Habitat of Hydrobryum japonicum Imamura (Podostemaceae) in Japan. J.  

Jpn. Bot. 69: 167–175.
Novelo R. A. and Philbrick C. T. (1997). Taxonomy of Mexican Podostemaceae. Aquat. Bot. 57: 275–303.
Philbrick C. T. and Crow G. E. (1983). Distribution of Podostemum ceratophyllum Michx. (Podostemaceae). Rhodora  85: 325–341.
Philbrick C. T. and Novelo R. A. (1995). New World Podostemaceae: Ecological and evolutionary enigmas. Brittonia 47: 210-222.
Philbrick  C.  T.  and Novelo  R.  A. (1997).  Ovule  number,  seed  number  and  seed  size  in  Mexican  and  North  American  species  of 

Podostemaceae. Aquat. Bot. 57: 183–200. 
Quiroz, F. A., Novelo R. A.  and Philbrick C. T. (1997). Water chemistry and the distribution of Mexican Podostemaceae: a preliminary 

evaluation. Aquat. Bot. 57: 201-212.
Sioli H. (1986). Tropical continental aquatic habitats. In Conservation Biology,  (M. Soule, ed.). Sinauer Associates, Sunderland, Ma.
van Steenis C. G. G. J. (1981). Rheophytes of the world. Sijthoff and Noordhoff, Alphen aan den Rijn.

62



West African Journal of Applied Ecology, vol. 11, 2007

An Assessment of Water Quality of Angaw River in South-eastern Coastal 
Plains of Ghana

A. Y. Karikari, 1* J. K. Bernasko2 and E. K. A. Bosque-Hamilton1

1CSIR-Water Research Institute, P.O. Box M. 32, Accra, Ghana
2AngloGold Ashanti, Obuasi, Ghana
*Corresponding author; E-mail: aykarikari@hotmail.com

Abstract
Physico-chemical and bacteriological water quality of the Angaw river were investigated at three different locations on the river. A range of 
water quality variables were measured in the river over a period of 12 months. The river was characterized by high ionic content. Relatively 
higher levels of ionic constituents occurred at the upstream while lower concentrations were observed downstream due to the influence of River 
Volta, which has lower ionic content. There was a dominance of Na and Cl over the cationic and anionic components, respectively, due to the 
effect of atmospheric deposition of sea salt. Calcium and magnesium showed a strong linear correlation  r = 0.993 significant at  p  < 0.05, 
indicating biogeochemical mineral weathering. The water was moderately hard (mean range of 89-133 mgl -1 CaCO3), salty and neutral with 
mean  pH of 7.3±0.13. Conductivity, TDS and the major ions varied seasonally with elevated levels in the rainy season. However, nutrients 
levels were low during the study period and did not give any clear seasonal variation. The bacteriological quality of the water was poor, 
rendering it unsafe for domestic purposes without treatment. However, the water was suitable for primary and secondary contacts such as 
swimming and fishing. The poor bacteriological quality was due to direct contamination by animal and human wastes.

Introduction
Rivers are the most important freshwater resource for man. Social, economic and political development has been 
largely related to the availability and distribution of freshwaters contained in riverine systems. Water quality problems 
have intensified through the ages in response to the increased growth and concentration of populations and industrial 
centres. Polluted water is an important vehicle for the spread of diseases. In developing countries 1.8 million people, 
mostly children, die every year as a result of water-related diseases (WHO, 2004).

Ghana’s water resources have been under increasing threat of pollution in recent years due to rapid demographic 
changes,  which  have  coincided  with  the  establishment  of  human  settlements  lacking  appropriate  sanitary 
infrastructure.  This  applies  especially  to  peri-urban  areas,  which  surround  the  larger  metropolitan  towns  in  the 
country. Many such settlements have developed with no proper water supply and sanitation services. People living in 
these areas, as well as downstream users, often utilise the contaminated surface water for drinking, recreation and 
irrigation, which creates a situation that poses a serious health risk to the people (Verma & Srivastava, 1990).

 The River Angaw runs through farmlands and rural communities before its confluence with River Volta. Not much 
studies have, however, been done on the water quality of the river. This would be of importance since water supply 
treatment was being planned to supply water to the entire community at the time of the study.

A  number  of  factors  influence  water  chemistry.  Gibbs  (1970)  proposed  that  rock  weathering,  atmospheric 
precipitation, evaporation and crystallisation control the chemistry of surface water.  The influence of geology on 
chemical water quality is widely recognised (Gibbs, 1970; Langmuir, 1997; Lester & Birkett, 1999). The influence of 
soils on water quality is very complex and can be ascribed to the processes controlling the exchange of chemicals 
between the soil and water (Hesterberg, 1998). Apart from natural factors influencing water quality, human activities 
such as domestic and agricultural practices impact negatively on river water quality. It is, therefore, important to carry 
out water quality assessments for sustainable management of water bodies. 

The  study  serves  to  determine  the  water  quality  of  River  Angaw.  It  provides  the  physico-chemical  and 
bacteriological characteristics of the water and, finally, contributes towards the limnological knowledge of the river.

Materials and methods
Study area
River Angaw is situated few kilometers from Ada Foah, a town noted for its beautiful beach and holiday resort (Fig. 
1). The river is located between latitude 5o  45’–5o 50’ N and longitude 0o 34’–0o 38’ E. River Angaw follows a course 
of about 19.48 km to join the Volta Lake. There is virtually no industrial development in the area. Pollution within the 
area may come from human waste. The use of agro-chemicals is a potential problem, though the amounts in use are 
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currently limited by high cost. The main economic activities in the catchment area are fishing, basket weaving and 
crop farming along the banks of the river. Major crops include vegetables, maize and cassava.
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Fig. 1:  Map showing the sampling points in the study area

The study area  experiences  two seasons;  a  dry season from November  to  March and a two maxima rainfall. 
According to data from the Ghana Meteorological Agency at the Ada synoptic station, the major rains occur between 
April and June with a break in July while the minor rains occur between August and October.  Meteorological data 
(1994–2004) at the Ada synoptic station revealed that the annual rainfall for the study area was 796.3 mm with mean 
daily temperatures ranging between 25.9 in August and 30.0 in March.

Sampling
Three sites on River Angaw were selected and monitored once a month over a period of one year, from September 

1997 to August 1998. The first site was located near the proposed water treatment plant known as selected site (SS) at 
Keseve. The other two sampling sites were located about 2 km upstream (US) and downstream (DS) of the proposed 
water supply treatment plant.  Surface water samples for physico-chemical analyses were collected mid-stream at 
depth  20-30  cm directly  into  clean  1-litre  plastic  bottles.  Temperature  and  pH were  measured  in  situ,  using  a 
temperature probe and portable  pH meter, respectively. For dissolved oxygen (DO) determinations, samples were 
collected into 300-ml plain glass bottles and the DO fixed using the azide modification of the Winkler’s method. 
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Samples for bacteriological analyses were collected into sterilized plain glass bottles. All samples were stored in an 
icebox and transported to the CSIR-Water Research Institute’s Laboratory in Accra for analyses. 

Laboratory analyses
The methods outlined in the Standard Methods for the Examination of Water and Wastewater (APHA, 1998) were 

followed for the analyses of all the physico-chemical parameters. Conductivity was measured with Jenway model 
4020 conductivity meter, and turbidity with a Partech model DRT 100B Turbidimeter. Sodium and potassium were 
measured by flame emission photometry; calcium and magnesium by EDTA titration; sulphate by the turbidimetric 
method; colour by colour comparator and chloride by argentometric titration. Other analyses included alkalinity by 
strong acid titration method. 

Nitrate-nitrogen was analysed by hydrazine reduction and spectrometric determination at 520 nm, nitrite-nitrogen 
by diazotization and spectrophotometric determination at 540 nm, phosphate by reaction with ammonium molybdate 
and  ascorbic  acid,  and  measured  at  880  nm,  and  ammonium  by  direct  nesslerisation  and  spectrophotometric 
determination  at  410  nm.  Fluoride  by  SPADNS  method  and  total  dissolved  solids,  and  suspended  solids  were 
measured gravimetrically after drying in an oven to a constant weight at 105  oC. Total and faecal coliforms were 
determined by membrane filtration method using M-Endo-Agar Les (Difco) at 37  oC and on MFC Agar at 44 oC, 
respectively. 

Statistical analysis
Pearson’s  rank  correlation  was used to  establish relations  between parameters.  All  tests  were  two-tailed.  The 

analyses were executed by SPSS (version 12 for Windows, year 2003).

Results and discussion
The physico-chemical and bacteriological characteristics of River Angaw are presented in Tables 1and 2, and Fig. 2-
4.

TABLE 1

Physical characteristics of Angaw river.

Parameter Upstream (US) Selected site (SS) Downstream (DS)
Mean±SD          Range         Mean±SD         Range           Mean±SD         Range

Temperature (oC) 29.5±1.8 26.0–33.5 29.1±1.7 26.8–32.6 29.4±2.0 26.4–33.8
pH 7.2±0.13 7.0–7.4 7.3±0.09 7.1–7.4 7.3±0.11 7.1–7.5
Turbidity (NTU) 2.96±1.3 0.90–5.10 2.28±1.2 0.60–4.60 1.75±0.87 0.70–3.40
Conductivity (µS/cm) 947±194 698–1222 742±321 412–1400 608±394 243–1306
TDS (mgl-1) 603±155 436–960 474±173 290–772 376±210 186–724
SS  (mgl-1)      8.56±4.3 3.00–18.0 7.11±3.2 2.00–10.0 5.50±3.4 1.00–9.00
Total hardness(mgl-1) 133±20.6 96.2–159 107±28.0 70.2–145 89.0±40.2 46.0–15
Alkalinity (mgl-1) 43.1±3.1 38.0–48.0 40.6±2.7 37.0–44.0 35.8±4.7 26.0–42.0
DO (mgl-1) 6.15±0.96 5.00–7.80 6.51±0.86 5.30–8.70 6.87±0.79 6.00–8.50

TABLE 2

Nutrient concentrations of Angaw River in mgl-1

Parameter              Upstream (US)     Selected site (SS)     Downstream (DS)
Mean±SD Range Mean±SD Range Mean±SD Range

Nitrate-N 0.88±1.7 0.14–6.1 0.321±0.42 0.005–1.5 0.304±0.47 0.005–1.7
Phosphate-P 0.030±0.05 0.002–0.14 0.05±0.12 0.002–0.40 0.030±0.05 0.002–0.15
Ammonia-N 0.191±0.22 0.005–0.55 0.144±0.11 0.005–0.28 0.113±0.17 0.005–0.50
Silica 14.2±3.2 7.75–18.6 11.0±3.1 5.64–14.3 11.2±3.4 4.50–14.6
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Fig. 2. Mean ionic concentrations of Angaw river
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Fig. 3. Seasonal variation of conductivity, TDS, sodium, sulphate, potassium and  chloride in Angaw river
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Fig. 4. Mean ±SD total and faecal coliforms of upstream (US), selected site (SS) and downstream (DS) of Angaw River

Physical characteristics
The mean pH of the river water was neutral at all stations for the study period with a range of 7.2–7.3. The pH fell 

within the range associated with most natural waters which is between 6.0 and 8.5 (Chapman, 1992), stipulated for 
drinking and domestic purposes. The mean conductivity of the river ranged between 608 and 947 µS/cm in this order 
of increasing magnitude: downstream < selected site < upstream. This order prevailed most of the time throughout the 
study period. The downstream recorded relatively low conductivity throughout the monitoring, due to dilution from 
River Volta which has much lower conductivity (62–77.5 µS/cm) (Antwi & Ofori-Danson, 1993). The upstream level 
was always high probably due to the nature of the soil at the water source. 

Mean values of turbidity were 2.96 NTU, 2.28 NTU and 1.75 NTU for the upstream, selected site and downstream, 
respectively. The levels of turbidity recorded in this study were comparable to those reported for River Volta at Akuse 
(mean range 2.8–3.2 NTU) by Water Research Institute (1999). However, average turbidity recorded in Birim basin 
(37.5 NTU) by Ansa-Asare & Asante (2000) were much higher than those observed in the study. The low turbidity 
throughout  the  sampling  period  suggests  that  discharges  from domestic  effluents  and  run-offs  from agricultural 
activities that reach the river may be minimal or large particulates that readily settled to the bottom. The low turbidity 
of  the  river  will  facilitate  water  purification  processes  such  as  flocculation  and  filtration,  which  could  reduce 
treatment cost.

The  hardness  of  the  river  reduced  from upstream to  the  downstream.  The US,  SS and  DS recorded  average 
hardness  levels  of  133,  107  and 89 mgl-1 CaCO

3
,  respectively.  The relatively  lower  levels  downstream may be 

attributed to the influence of River Volta which has very low levels of hardness (19–38 mgl-1 CaCO
3
) (Antwi & Ofori-

Danson, 1993). Alkalinity followed a similar trend as hardness.
Dissolved oxygen (DO) mean levels varied between 6.15 and 6.87 mgl-1. The downstream had relatively higher 

oxygen throughout the study. This might be due to the windy nature of the area and the regular mixing of the water 
with the Volta Lake which has higher DO content. Pristine surface waters are normally saturated with DO, but such 
DO can be rapidly removed by oxygen demand of organic wastes. The measurement of DO provides a broad indicator 
of water quality (DFID, 1999). DO concentra-tions in unpolluted water are normally about 8.0–10 mg/l (at 25  oC) 
(DFID, 1999). Concentrations below 5.0  mgl-1 adversely affect aquatic life. The concentration of DO in the Angaw 
river were above 5.0 mgl-1 and, therefore, the river water would be suitable for use of the aquatic ecosystem.

Nutrients
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NH

4
-N, NO

3
-N and NO

2
-N are considered to be non-cumulative toxins (Dallas & Day, 1993). High concentra-tions 

of NO
3
-N and NO

2
-N may give rise to potential health risks particularly in pregnant women and bottle-fed infants 

(Kempster  et al.,  1997; Kelter  et al.,  1997). NO
3
-N at elevated concentra-tions is known to result  in cyanosis in 

infants. Ammonia is naturally present in surface water and groundwater and can be produced by the deamination of 
organic nitrogen containing compounds and by the hydrolysis of urea. The problem of taste and odour may, however, 
arise when the NH

4
-N level is greater than 2 mgl-1. Above 10 mgl-1, appreciable amounts of NO

3
-N may be produced 

from NH
4
-N under suitable anaerobic conditions (WHO, 1993; Kempster et al., 1997).

The mean concentrations of nutrients are presented in Table 2. Nitrate levels averaged 0.880 mgl-1 as N at the 
upstream; 0.321 mgl-1 at the selected site and 0.304 mgl-1 at the downstream. The average NO

3
-N concentration of 

Angaw river was much higher than the 0.1 mgl-1 for unpolluted world rivers (Webb & Walling, 1992). The WHO safe 
limit for nitrate for lifetime use is 10 mgl-1 as N (WHO, 1984). This limit was not exceeded in the river water; thus, 
nitrate is not considered to pose a problem for the domestic use of water from the river. However, nitrate could be a 
problem for other uses because of eutrophication (Rast & Thornton, 1996).

Mean levels of ammonia were 0.191 mgl-1; 0.144 mgl-1 and 0.113 mgl-1 for upstream, selected site and downstream, 
respectively. Low ammonia concentrations were also observed in the Kpong Reservoir by Antwi & Ofori-Danson 
(1993) with a mean of 0.02 mgl-1 and a range of < 0.001–0.12 mgl-1. At Akuse on the Volta river, Water Research 
Institute (1999) recorded a mean level of 0.21 mgl-1 ammonia and a range of 0.193–0.227 mgl-1. Unpolluted waters 
contain small amounts of ammonia, usually less than 0.1 mgl-1 (Chapman, 1992). The concentrations of ammonia in 
the Angaw river for the duration of the study were not alarming due to low anthropogenic activities reaching the river.

Phosphurous is the limiting nutrient for algal growth and, therefore, controls the primary productivity of a water 
body. In most natural surface waters, phosphorous ranges from 0.005 to 0.020 mgl-1 PO

4
-P (Chapman, 1992). In some 

pristine waters concentra-tions as low as 0.001 mgl-1 may be found.  Mean  levels  of  phosphates  were  0.030 
mgl-1 as P at the US; 0.050 mgl-1 at the SS; and 0.030 mgl-1 at the DS. High concen-trations of phosphate can 
indicate  the  presence  of  pollution  and  are  largely  responsible  for  eutrophic  conditions.  Eutrophication-related 
problems in warm-water systems begin at P concentrations of the order 0.34–0.70 mg P/l (Rast & Thornton, 1996). 
The associated N concentrations would be of the order 0.34–0.70 mg N/l. 

It is accepted that these represent nutrient threshold levels, beyond which there will be a corresponding increase in 
the risk and intensity of plant-related water quality problems (OECD, 1982). River Angaw was not observed to be 
eutrophic, nevertheless, care must be taken so that eutrophication would not be a problem in the river. The river is 
being abstracted and treated to supply water to Ada Foah, Kasseh and its environs and eutrophication could increase 
its treatment cost through filter clogging in water treatment works (Murray et al., 2000).

Silica is an essential element for aquatic plants (e.g. diatom). It is taken up during cell growth and released during 
decomposi-tion and decay giving rise to fluctuations. The mean silica values (between 11 and 14.2 mgl-1) observed in 
the river (Table 2) was higher than the world average of 9 mgl-1 in rivers (Horne & Goldman, 1995) but fell within 1-
30 mgl-1 which is the range for most rivers and lakes (Chapman, 1992).

Major ions
The concentrations of the major cations in the river were generally in the order of Na > Mg > Ca > K. The major 

anion concentrations followed the order Cl > HCO
3
 > SO

4
. The cationic dominance pattern was similar to that of 

seawater but the anionic dominance pattern was a blend between those of the seawater and freshwater. A general 
downstream decrease  in  the  river  water  concentrations  was observed for  the  majority  of  determinands (Fig.  2). 
Correlation between mean values of selected determinands revealed expected process-based relationships, such as that 
between Ca2+ and Mg2+ (r = 0.993;  p  < 0.05) derived mainly from biogeochemical  mineral  weathering and that 
between Na2+ and Cl- (r = 0.998;  p < 0.05) derived mainly from atmospheric deposition. However, there were also 
many strong linear relationships between determinand species that are not normally expected to be linked in terms of 
processes. Examples of significant correla-tions between apparent unrelated species include those between Ca2+ and 
Cl- (r = 0.999; p < 0.05), between Na+ and NO

3
--N (r = 0.935) and between K+ and SO

4
2- (r = 0.858). 

Seasonal variation of chemical parameters
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There were seasonal changes associated with the conductivity and the general tendency was high values during the 

rainy season (May, June and July) and relatively lower values in the dry season (Fig. 3). This observation reflected in 
high TDS, chloride, sodium, potassium, sulphate and magnesium in the river water during the rainy season. These 
parameters varied for all the sites with the seasons and were generally high during the rainy season (Fig. 3). However, 
nutrients such as orthophosphate, nitrate-nitrogen and ammonia-nitrogen did not show any clear seasonal variation.

Conductivity values have a direct relationship with the concentration of TDS and major ions in water (Chapman, 
1992).  The elevated levels of the conductivity, TDS, chloride, sodium, potassium, sulphate and magnesium during 
the rainy season could be attributed largely to soil salts that were flushed into the river by run-off. High sodium and 
electrical conductivity levels were observed in soils in the study area. These were attributed to enrichment from 
ingressed seawater and deposition by salty water particles carried by the wind (FAO, 1988) judging from the basin’s 
proximity to the Atlantic Ocean. According to Asiamah (1995), there are four possible sources of salts in the soils, 
ocean drift, underground water, deposition by wind and mineral weathering in the till.

The maximum conductivity value of 1,400 µS/cm occurred in May at the selected site (SS). There is currently no 
official guideline as to what is considered a safe level for conductivity. However, according to Chapman (1992), 
conductivity of most freshwaters range from 10-1000 µS/cm but may exceed 1000 µS/cm especially in polluted 
waters, or those receiving large quantities of land run-off.

Bacteriological water quality
The results obtained for bacteriological analysis are shown in Fig. 4. The data collected indicated that the microbial 

water quality of the Angaw river was poor. Total and faecal pollution occurred at all sampling stations throughout the 
sampling period, rendering the water unsuitable for domestic use without treatment. However, the river is suitable for 
primary and secondary contacts such as swimming and fishing. The mean total coliform counts for the upstream, 
selected site and the downstream were 69.3 ±47.4 cfu/100 ml, 92.5 ±71.7 cfu/100 ml, and 65.3 ±23.7 cfu/100 ml, 
respectively. The mean faecal coliform counts were US (33.3 ±30.0 cfu/100 ml); SS (50.5 ±46.1 cfu/100 ml) and DS 
(44.3 ±24.8 cfu/100 ml). These counts were far above 0 cfu/100 ml, which is the recommended limit for no risk 
(WHO, 1987). These results imply the water source poses a health risk to consumers. The presence of pathogenic 
organisms in the water could be attributed to human and animal wastes from the communities along the river. 

Although the microbial pollution is high for River Angaw, thus rendering the water unfit for human consumption, it 
is  low in comparison with those of  the Kakum, Nakwa and Birim rivers as reported by Ampofo (1997). In the 
interpretation of microbial data, it is very important to note that microbial constituents have a strong non-conservative 
behaviour in water. The concentration of the amount entering the water could change independently through various 
processes such as growth, settling to the sediments, chemical reactions and decay (DWAF, 2000).

Conclusion
The results indicated that most of the physico-chemical quality parameters of River Angaw were within the WHO 
limits  for  drinking  water  and,  therefore,  may  be  suitable  for  domestic  purposes.  In  contrast,  however,  the 
bacteriological quality of the water points, as suggested by the total and faecal coliform counts, exceeded the standard 
(0 cfu/ 100 ml) for potable water. In general, the bacteriological quality of the water was unacceptable, and would 
pose a serious risk to consumers without treatment. The poor bacteriological quality was due to direct contamination 
by animal and human wastes.

The striking characteristic of River Angaw is its high ionic content which is reflected in high conductivity, total 
dissolved solids and sodium levels. Relatively higher levels of most physico-chemical constituents occurred at the 
upstream while lower concentrations were observed downstream due to the influence of River Volta which has lower 
ionic content. Conductivity, TDS and most major ions varied seasonally with elevated levels in the rainy season. 
However, nutrient levels were low during the study period and did not give any clear seasonal variation. Even though 
the nutrient concen-trations were low, care must be taken by the inhabitants and the District  Assembly to avoid 
eutrophication in the river since it is being abstracted and treated for water supply.
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Abstract
An on-station trial was conducted in the experimental field of Savanna Agricultural Research Institute at Nyankpala in the Northern Region of 
Ghana  to  assess  the  nitrogen  fixation,  native  arbuscular  mycorrhizal  formation  and  biomass  production  potentials  of  cowpea  (Vigna 
unguiculata), devil-bean (Crotalaria retusa), Mucuna pruriens var. utilis (black and white types) and Canavalia ensiformis with maize (Dorke 
SR) as the reference crop using the total nitrogen difference (TND) method. Plants were fertilized with 40 kg P/ha and 30 kg K/ha at 2 weeks 
after planting and grown for 55 days after which they were harvested. The harvested biomass (separated into roots, stems and leaves) of each 
crop was oven-dried at 70  oC for 48 h to a constant weight. Cowpea and devil-bean produced approximately 5 and 6 t/ha biomass whereas 
Mucuna and  Canavalia yielded about 2 t/ha biomass each. Although cowpea had the least number of arbuscular mycorrhiza fungal (AMF) 
spores in its rhizosphere, its roots were the most heavily colonized (34%) and M. pruriens recording below 5% colonization. Apart from C. 
ensiformis, the test legumes derived over 50% of their total accumulated N from the atmosphere with cowpea being the most efficient (90% 
Ndfa). Both N and P accumulations were significantly higher in cowpea than the other legumes due to increased N concentration and dry matter 
accumulation, respectively. In all the legumes, there was a direct positive correlation between the extent of mycorrhiza formation, biological N 
fixation and total N uptake. It could, therefore, be concluded that the extensive mycorrhiza formation in cowpea and its high N2-fixing potential 
resulted in a high shoot N and P uptake leading to a comparatively better growth enhancement. Cowpea could, therefore, be the grain legume for 
consideration in the selection of a suitable legume pre-crop to cereals for the amelioration of the low fertility of the degraded soils of the Guinea 
savanna zone of Ghana, and also as a source of food to fill the hunger gap that precedes the growing season in the Northern Region of Ghana.

Introduction 
Northern Ghana ranks highest in the production of cereals and grain legumes in Ghana (PPMED, 1991). However, 
low soil fertility adversely affects the production of most cereals. Nitrogen (N) is the most limiting nutrient and its 
supply with phosphorus (P) is essential for increased production of most cereals (Fugger, 1999). Lal (1989) indicated 
that the available N declines rapidly once cropping is commenced. He found that available soil N declined from 0.2% 
(0.5 cm depth) to 0.04% after 4 years of maize cropping without Leucaena leucocephala hedgerows. Van Keulen & 
Van Heemst (1982) reported that moist savanna soils must supply 15 kg N/ha and 2 kg P/ha for each ton of maize 
grain produced. As a result, cereal yields without fertilization or soil  amendment are very disappointing, ranging 
between 200-800 kg/ha. 

Mineral  fertilizers which are required to  raise crop production levels are too expensive and most  smallholder 
farmers cannot afford them. Intercropping or rotation of cereals with grain legumes ( due to their N

2
-fixing abilities) 

and crop residue management have been recommended as alternatives to improve cereal yields on these soils. The N
2
-

fixing abilities of legumes can be enhanced not only by  Rhizobium spp. but also by colonization of their roots by 
arbuscular mycorrhiza fungi (Asimi  et al.,  1980; Bayne & Bethlenfalvay, 1987) which are present in the Guinea 
Savanna soils (Ahiabor, unpublished work). Unfortunately, the full potentials of these management practices on cereal 
yield improvement are not achieved since the grain legumes mobilize most of their fixed N into the grain which is 
exported when the grain is harvested. This decline in soil fertility is/worsened if the crop residues are not returned into 
the soil since for most of the degraded soils in the Guinea Savanna zone the only real means of restoration is to 
increase their organic matter content in a mulch-based system. The most efficient way of improving the N content of 
these soils is to grow legume crops sole in a rotation system and retain their residue in the field against the following 
cropping season.

Fosu et al. (2004) observed that Crotalaria retusa gave an average dry matter yield of 15 t/ha and a corresponding 
total  N and P accumulations  of  306 kg/ha and 50 kg/ha,  respectively,  across  locations  in  the  Tolon-Kumbungu 
District. The work also indicated that C. retusa could fix about 112 kg/ha of atmospheric N during the growing season 
and M. pruriens var.  utilis also produced 9 t/ha of dry matter with a corresponding total nitrogen of 180 kg/ha per 
season. Since the overall amount of N supplied and the amount of organic matter (residue) generated by legumes 
depend, to a great extent, on the efficiency of the synergistic symbiotic processes of N

2
- fixation and arbuscular 
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mycorrhiza formation (AMF), this study compared the N

2
-fixation, AMF and biomass production potentials of five 

leguminous crops in the experimental field of the Savanna Agricultural Research Institute at Nyankpala.

Materials and methods
Trial location
The experiment  was  conducted  on-station  in  the  experimental  field  of  the  CSIR-Savanna  Agricultural  Research 
Institute (SARI) situated at Nyankpala (90 25"  N and 00  58"   W) in the Tolon-Kumbungu District of the Northern 
Region of Ghana. The Region experiences a monomodal rainfall pattern (April–October) with a mean annual rainfall 
of about 1000 mm and a variability of between 15–20% (Kasei, 1988). The mean annual temperature is about 28 0C 
with the  daily  maximum sometimes  being around 42  0C during  the  hottest  months  of  February–March.  Lowest 
temperatures (about 20 0C) are recorded in December and January when the area comes under the influence of the dry 
and  cold  North-Easterly  Trade  winds  (Harmattan  winds)  from the  Sahara  Desert.  Relative  humidity  values  are 
between 40–50% but may be as low as 9% during the afternoon in the driest months of November–March (Walker, 
1962). Some chemical and physical properties of the soil (0–20 cm depth) of the experimental site are indicated in 
Table 1 which shows a very low available N (0.13%).

TABLE 1
Some chemical and physical properties of the soil of the trial plot

Property Value 

Chemical
pH (0.01 CaCl2) 5.07
Organic carbon (%) 1.59
Nitrogen (%) 0.13
Available P (mg/kg) 8.4
Exchangeable K (mg/kg) 88.42
Ca (mg/kg) 301.39
Mg (mg/kg) 71.77
CEC (Cmol(+)/kg) 5.02
Base saturation (%) 46.2
Total P (mg/kg) 37
Physical
Clay (%) 4.7
Sand (%) 67.1
Silt (%) 28.2

Legume test plants
Six legume species,  cowpea (Vigna unguiculata),  devil-bean (Crotalaria retusa),  black and white varieties of 

Mucuna (Mucuna pruriens var. utilis) and Canavalia ensiformis, were tested for N
2
-fixation using maize (Dorke SR) 

(Zea mays) as a reference crop. Their ability to form arbuscular mycorrhiza with the native AM fungi was also 
assessed. These crops were planted on 6 m × 4 m plots at four replications using a completely randomized design 
during the growing season of 2002. Cowpea (Bengpla) was sown at three seeds/hill at a spacing of 60 cm × 20 cm but 
was thinned to two plants per hill 2 weeks after planting whereas the two varieties of M. pruriens and C. ensiformis 
were grown at two seeds/hill but thinned to one plant per hill at a planting distance of 70 cm × 50 cm. Devil-bean was 
drilled in rows 40 cm apart at the seed rate of 40 kg/ha whilst the reference crop (maize) was maintained at one plant 
per  hill  at  a  planting  distance  of  75  cm  × 40  cm.  The  test  plants  were  fertilized  with  40  kg  P/ha  (as  triple 
superphosphate) and 30 kg K/ha (as muriate of potash) at 2 weeks after planting.

Plant sampling
At 55 days after planting (DAP), all the crops were sampled for analysis. The dry matter yields of M. pruriens were 

determined within a 1 m × 1 m wooden quadrat  per plot and that of devil-bean within a 0.5 m × 0.5 m quadrat. Three 
plants each of maize,  C. ensiformis and cowpea were harvested from the three inner rows per plot by cutting the 
above-ground part at the soil surface. The roots were carefully dug out of the soil and washed free of soil and organic 
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particles on a 2-mm mesh sieve under tap water. The harvested biomass (separated into roots, stems and leaves) of all 
the test crops was dried to a constant weight in a forced-air oven at 70 0C for 48 h and their dry weights recorded. 

Mycorrhizal analysis
AM fungal spore count. At harvest, the rhizosphere soil from each test plant was collected and air-dried on pieces 

of used newspaper for a few days, sieved through a 2-mm mesh sieve and then thoroughly homogenized by stirring. 
Sufficient tap water was added to 5-g samples of the air-dry soil in a beaker and stirred vigorously with a glass rod for 
2 min to dislodge the spores from the soil particles or organic debris. The soil suspension was leached through a 
0.053-mm mesh sieve to trap the spores on the sieve. The spores were retrieved by sucrose [60% (w/v) sucrose 
solution] density-gradient centrifugation (modified from Daniels & Skipper, 1984), and counted in a film of water 
under a stereomicroscope.

Estimation of AM fungal colonization. Prior to oven-drying, about 2 g of the fresh root samples with segments less 
than 2 mm in diameter were cut into approximately 2 cm pieces, mixed thoroughly and  immediately fixed in 50% 
alcohol in 50 ml extraction vinyl bottles and stored at room temperature in the laboratory. These fixed root samples 
were later washed free of the alcohol with tap water and transferred into petri dish and cleared with 100 gl-1 KOH 
solution in an oven at 90 oC for about 30 min and left to cool and washed in many changes of tap water from a wash 
bottle. Staining of the roots was done with 0.3 gl-1 Chlorazol Black E (CBE) in lactoglycerol (1:1:1) lactic acid, 
glycerol and water) at 90  oC for 20 min in an oven (modified from Kormanik & McGraw, 1984). The degree of 
colonization of roots by arbuscular mycorrhiza fungi was estimated by visual observation (under a stereomicroscope) 
of the stained root segments mounted in 50% (v/v) lactoglycerol by the grid-line intercept method (Giovanetti & 
Mosse, 1980).

Nutrient analysis
Dried  plant  parts  (roots,  stems/vines/stalks  and  leaves)  were  ground  using  a  mechanical  grinder  and  the 

concentration of available phosphorus was determined by the Ammonium-molybdenum blue method (Murphy & 
Riley, 1962; Watanabe & Olsen, 1965). Total nitrogen was determined by the Kjeldahl method. 

Nitrogen fixation measurement
The proportion and amounts of fixed N

2 
in the different legume species was determined using the total N difference 

method with maize as a non-nitrogen-fixing reference crop.

Statistical analysis
The data were subjected to analysis of variance using Statistix software and significance of treatment effects were 

tested at 5% level of probability. Means (of three replicates) were separated using the Least Significance Difference 
(LSD).

Results 
Total dry matter production
Whereas devil-bean and cowpea produced approximately 5 t/ha and 6 t/ha biomass, respectively, M. pruriens (white), 
M. pruriens (black) and C. ensiformis produced biomass to the tune of around 2 t/ha (Table 2).

TABLE 2
AMF colonization rates (%), AMF spore populations (no./50 g a.d.s**) and dry weights (kg/ha) of maize and four legume species grown on-

station at Nyankpala in the Guinea Savanna zone of Ghana.

Crop type AMF colonization AMF spore Dry weight
rate population      

Maize 32.5 a* 173 bc 2694.4 b
Devil-bean 10.8 b 243 a 4876.0 a
Mucuna (white) 4.7 b 209 ab 2122.7 b
Mucuna (black) 4.3 b 173 bc 2396.7 b
Canavalia 9.7 b 142 cd 2382.2 b
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Cowpea 34.3 a 110 c 6232.6 a

*In a column, values (means of three replicates) with similar letter(s) are not significantly different at  P = 0.05 separated using the least 
significance difference (LSD). **a.d.s = air-dried soil.

N
2
 fixation
The amount of total N fixed by the legumes ranged between 23 kg/ha for C. ensiformis and 145 kg/ha for cowpea 

(Fig. 1). Apart from C. ensiformis, all the legumes derived over 50% of their accumulated N from the atmosphere 
with cowpea nodules being the most efficient in fixing atmospheric N which made up almost 90% of its total fixed N 
(Fig. 2).
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Fig. 1. Amounts of nitrogen fixed by four different legume species grown on-station at Nyankpala in the Guinea Savanna zone of Ghana
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Fig. 2. Percent N derived from the atmosphere by four legume species grown on-station at Nyankpala in the Guinea Savanna zone of Ghana
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Nutrient (N & P) concentrations

Cowpea tended to have a higher concentration of N in its shoot than the other legumes (Table 3). Concentration of 
P  in  the  legumes  was  virtually  constant  in  the  roots  and leaves  whereas  slight  variations  were  observed  in  the 
stems/vines with the highest tendency observed in cowpea.

TABLE 3
N and P concentrations (%) in the roots, stems and leaves of four legume 

species and maize grown on-station at Nyankpala in the Guinea Savanna zone of Ghana

                 Roots                                   Stem                                           Leaves                   
Crop type N conc.        P conc.           N conc.           P conc.           N conc.    P conc.

Maize 1.19 b* 0.03 b 0.59 c     0.14 ab 0.80 b 0.17 a
Devil-bean 1.24 b 0.15 a 2.34 ab     0.15 ab 1.42 ab 0.17 a
Mucuna (white) 2.74 a 0.18 a 1.82 abc     0.12 b 1.91 ab 0.20 a
Mucuna (black) 2.23 ab 0.18 a 2.53 ab     0.17 ab 1.40 b 0.21 a
Canavalia 1.59 ab 0.20 a 1.12 bc     0.18 ab 1.66 ab 0.15 a
Cowpea 1.85 ab 0.15 a 3.10 a     0.26 a 2.75 a 0.23 a

* In a column, values (means of three replicates) with similar letter(s) are not significantly different at
P = 0.05 separated using the least significance difference (LSD).

Total N & P uptake
The  cereal  reference  crop  accumulated  the  lowest  amount  of  nitrogen  but  this  was  suprisingly  statistically 

comparable to those of  M. pruriens (white) and  C. ensiformis (Fig. 3). N accumulation in cowpea was particularly 
high – at least about 135% more than each of the other legumes. Phosphorus accumulation was significantly high in 
cowpea compared to  the  rest  of  the  test  crops  in  which this  parameter  generally  remained constant  (Fig.  4).  A 
relatively high proportion of the P in cowpea was distributed in its stem (Fig. 5).

Fig. 1. Total nitrogen accumulations in six different crop species grown on-station in the Guinea 
Savanna Zone of northern Ghana
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Fig. 3. Total nitrogen uptake in maize and four legume species grown on-station at Nyankpala in the Guinea Savanna zone of Ghana
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Fig. 4. Total phosphorus uptake in maize and four legume species grown on-station at Nyankpala in the Guinea Savanna zone of Ghana

Fig. 5. Distribution of total phosphorus content in parts of maize and four legume species grown on-station at Nyankpala in the Guinea Savanna 
zone of Ghana

Colonization by native AMF AM fungi
Cowpea roots were the most heavily colonized with the Mucuna plants recording as low as less than 5% degree of 

mycorrhiza colonization. The reference cereal crop had a comparable colonization rate as that of cowpea (Table 2). 
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Mycorrhizal fungal spore population in the rhizosphere of the legumes was not commensurate with the colonization 
rates (Table 2). The highest colonized crop (cowpea) generally had the least spore population in its rhizosphere. 
Devil-bean,  which  had  a  significantly  lower  degree  of  AMF colonization  of  its  roots  than  cowpea  and  maize, 
supported a remarkably higher AMF spore population in its immediate root zone than the two crops (Table 2).

Discussion
The study has shown that, apart from cowpea, the other test legumes fixed equal amounts of nitrogen and were also 
colonized to comparable degrees when grown without artificial microbial  inoculations. There is a  direct  positive 
correlation between extent of mycorrhiza formation, biological nitrogen fixation and total nitrogen accumulated in 
shoots (Table 4). This is strengthened by the observation that cowpea, which had the most extensive mycorrhiza 
colonization, fixed the highest amount of atmospheric nitrogen resulting in a high shoot N leading to a comparatively 
better growth enhancement. This observation in cowpea could be explained by the conclusions of Ames et al. (1983) 
and Barea et al. (1987) who used 15N techniques to show that both NH

4
+-N and NO

3
--N can readily be absorbed by 

extra-radical vesicular-arbuscular mycor-rhizal (VAM) hyphae, and that growth enhance-ment of legumes by VAM 
can be attributed both to enhanced N

2
 fixation as well as improved N uptake from soil, especially the NH

4
+-N. 

TABLE 4
Correlation (Pearson) coefficients of AMF colonization, fixed N and total plant N uptake

AMF    Fixed 
Colonization nitrogen

Fixed N 0.7865
P-value 0.0005

Total  N uptake 0.7827 0.9994
P-value 0.0006 0

Asimi  et al. (1980) also indicated that stimulation of nodule activity in soybean grown at different soil P levels 
might be due to direct and preferential enhancement of nodule formation by vesicular-arbuscular mycorrhizal (VAM) 
fungi. Since cowpea had the highest AMF colonization than all the other legumes, the associated extensive AMF 
hyphal system may have facilitated the absorption of any ammonium that might have been released from nodules 
through their (AMF hyphae) production of glutamine synthetase, thereby, improving the N economy of the cowpea 
plant (Smith et al., 1985). The usual dilution of N in plant shoots associated with increased shoot biomass (Ahiabor & 
Hirata, 1994) was not observed in cowpea in this study as its N concentration remained comparatively high, especially 
in the leaves and stems. The widely reported enhance-ment of P nutrition in mycorrhizal plants (Smith & Read, 1997) 
was not observed in the highly mycorrhizal cowpea since both its root and shoot P concentration levels are not 
significantly different from the other poorly colonized legume species. 

The total P accumulation in cowpea was, however, significantly high compared to the other test crops with a 
sizeable portion of it being partitioned in its stems. This supports the commonly held view that the improved shoot P 
uptake associated with mycorrhizal plants is largely the result of enhanced shoot growth of such mycorrhizal plants 
(Daft & El-Giahmi, 1974; Mosse et al., 1976; Atayese et al., 1993) as observed in cowpea in this study. In a study to 
investigate the response of three mycohhrizal legume species (cowpea, pigeonpea and groundnut) to the combined 
application of rock phosphate and a soluble phosphate, Ahiabor & Hirata (2003) observed that cowpea was the most 
responsive in terms of shoot growth and shoot P uptake but concluded that the positive shoot growth response of 
cowpea was not due to a favourable P nutrition but might have been the result of the effects of a greater mycorrhizal 
activity and an enhanced root growth on some unmeasured factor(s).

It could be concluded from the results of the study that cowpea would be the best candidate among the four legume 
species tested in the selection of a suitable legume pre-crop for the amelioration of the inherent low fertility of the 
degraded soils of the Guinea Savanna zone of northern Ghana, especially for increased productivity and production of 
cereals in this agro-ecological zone. This could be possible if all or most of the N fixed by the plant could remain in 
the soil and not be lost and also if the plant organic residue could be managed well to protect it from the hazards of the 
annual bushfires (which are a menace in this agro-ecological zone) so that its nutrients could be accessed by the 
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succeeding cereal crop. However, cowpea is normally grown for its grain and it is known that a high proportion of N 
fixed goes into the grains and little is left in the stover. This not withstanding, it can be predicted, on the basis of Van 
Keulen  &  Van  Heemst’s  conclusion,  that  the  cowpea  biomass  produced  in  this  experiment  could  support  the 
production of about  11 t/ha of maize grain in the following season in terms of its N content,  assuming there is 
complete or adequate mineralization of the biomass without any losses.

In order to derive maximum benefit from the cowpea crop, therefore, a judicious management of its post-harvest 
residue should be ensured, say by protecting it against the incidence of bushfires and grazing by free-range animals, or 
by burying it soon after harvesting the grains. However, in situations where the incidence of bushfires remains a major 
threat to agriculture, devil-bean could be the alternative option due to its relatively high biomass production, N

2 

fixation, and N accumulation values obtained in this study, coupled with its perennial nature, its non-palatability to 
animals and high tolerance to drought and bushfires.
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Abstract
A study to assess mosquito species occurrences and the effects of some ecological characteristics on their breeding was undertaken in Accra. 
Five species of mosquitoes,  Anopheles gambiae s.l, Culex decens, Culex quinquefasciatus, Anopheles melas and Aedes aegyptii were found 
occurring  in  a  wide  variety  of  places.  C.  decens were  the  most  abundant  and  widely  distributed,  occurring  sympatrically  with C.  
quinquefasciatus  in rice fields and fishponds. The Culex species occurred largely in pools of water with high nutrient levels equivalent to or 
slightly lower than 2.8 mg/l NH4,  3.9 mg/1 NO3, 3.9 mg/l NO2, 2.2 mg/l S04, 9.6 mg/l PO4 and dissolved oxygen (DO) levels of range 2.9–8.8 
mg/l. The Anopheles species, on the other hand, occurred largely in pools of water of low nutrient levels equivalent to or less than 0.5 mg/l NH 4, 
0.6 mg/l NO3, 0.8 mg/l N02, 1.3 mg/l S04, 0.8 mg/l PO4 and high dissolved oxygen levels ranging from 5.5–18 mg/l. The pH, habitat size and 
temperature were also identified as determinants in the species occurrence, abundance and distribution. 

Introduction
The rapid rate of urbanisation of Accra has come with its attendant sanitation and public health problems. These 
problems have arisen as a result of inadequate waste disposal facilities, poor drainage system and poor water supply, 
among many others.  The presence of either  one or a combination of these factors have led to the creation of a 
congenial environment for the breeding of water-related insect vectors such as mosquitoes which  are  responsible for 
the transmission of malaria, filariasis and yellow fever. Currently, malaria control, which is part of the WHO Global 
Malaria Strategy, is of paramount concern to the Government of Ghana, and the need for a vigorous intervention 
cannot be over-emphasised.  

Some urban dwellers, in an effort to meet the food demands of the rising population, have undertaken some water-
related projects involving the impoundment of drains or streams to create reservoirs for the purposes of irrigating 
vegetable  farms.  Despite  the  economic  significance  of  these  projects,  they  have  led  to  the  creation  of  breeding 
grounds of mosquitoes in many parts of Accra. Infrastructure developments in Accra have lagged behind urbanisation, 
leading to the creation of peri-urban shanty towns and slums. These developments have resulted in changes in the 
ecosystem, which have affected the breeding patterns of mosquitoes, hence disease transmission. Diseases such as 
malaria, filariasis and yellow fever affect hundreds of millions of people every year, causing immense suffering and 
hindering development   (Godal et al., 1998). 

Malaria alone accounts for  up to  25% or more of  all  hospital  attendance,  with young children under 5 years 
accounting for about 40% in Ghana (Anon., 1992). Globally, malaria causes 3,000 deaths per day, an annual total that 
exceeds one million deaths worldwide (WHO, 2002). Filariasis also has been shown to be a public health problem in 
Ghana, particularly in the northern savanna and in the south-western coastal parts ( Gyapong et al., 1994;  Dunyo et  
al., 1996). Similarly, Hunter (1992)  demonstrated the public health importance of filariasis in a community in north-
east  Ghana  and  found  that  it  was  associated  with  the  operations  of  a  small-scale  irrigation  dam.  Yellow fever 
transmission by Aedes aegyptii is under control in Accra as a result of mass immunisation undertaken in the country. 
The Aedes mosquito is, therefore, considered more of a nuisance than a public health risk.  

These disease situations can be best tackled by improving the knowledge about the vectors. The information could 
aid in the risk assessment of diseases transmitted, and the planning of control measures in support of disease control 
programmes in Ghana. Since good health is a prerequisite to economic development, there is the need to focus on 
these vectors in order to put them in the right perspective. In the light of their economic importance, this study was 
undertaken to asses the mosquito species types in Accra, their abundance, and the effects of habitat characteristics on 
their breeding. 

Materials and methods
Study area
The study area (Fig. 1) is within the Greater Accra Region of Ghana (50 30’–50 42’ N; 0º 00-0º 20 W). It includes 
sampling sites in Ashaiman, Odorna/Adabraka, Gbawe, La and Chorkor  (Table 1). The area lies within the equatorial 
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belt with double maxima rainfall in June and October and a mean annual rainfall of 735 mm. It has a fairly high 
temperature of 32 ºC and a relative humidity of   65–95%.

TABLE 1
Types of sampling sites and locations

Location Sampling site

Ashaiman Rice fields
Fish ponds
Shoreline of Lake Ashaiman
Storm drain

Chorkor Small pools  
Drains
Shoreline of lagoon

                                    
Gbawe Quarry pits

Small pools

Odorna / Adabraka Vegetable farm
Scrap heap
Storm drain

La Kpeshie lagoon
Drains
Cesspool
Small pool

Collection of mosquitoes
Sampling of larval forms of mosquitoes was conducted in stagnant and slow-moving waterbodies using standard 

100 ml, 150 ml and 350 ml dippers with long handles. Each dip was put in a specimen bottles containing 70% alcohol 
and later  examined for the  presence of the mosquitoes.  The bottle  was labelled with all  the pertinent  data.  The 
mosquitoes were identified by morphological characteristics (Gillies & Coetzee,1987; Gillies & de Meillon, 1968; 
Annoh, pers. comm., G.A.E.C.), and counted. Sampling was undertaken during the dry season period of 2003. The 
location, category of the breeding sites, type of mosquitoes and numbers were noted.

Water quality measurement
The following parameters of water quality were measured: temperature, pH, dissolved oxygen (DO), biochemical 

oxygen demand (BOD), nutrients such as orthophosphate (PO
4
-p), ammonia-nitrogen (NH

4
-N), nitrate nitrogen (NO

3
-

N) and sulphates (SO
4
). Other parameters studied were salinity and alkalinity.  

Water samples from sites where larval forms of mosquitoes were found were collected into 500 ml bottles for 
physico-chemical  analysis.  Samples  for  dissolved  oxygen  (DO)  and  biochemical  oxygen  demand  (BOD)  were 
collected into dark bottles. The  pH and temperature were taken  in situ. Analysis was made according to standard 
methods  (American  Public  Health  Association,  1998).  Table  2  shows the  parameters  and  the  various  analytical 
methods employed for the determination.

TABLE 2
Parameters and their methods of determination

Parameter Method employed

pH Suntex Model SP 701 pH meter 
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Temperature Mercury in glass thermometer
Nutrients Ion Chromatogram
Alkalinity Strong acid titration method
Dissolved oxygen Azide modification of Winkler’s method
Biochemical Dilution and dissolved oxygen
  oxygen demand determined after incubation at 20 oC for 5 days.
Salinity Salinity meter-Saltscan mod

Results and discussions
A total  of  3,885  mosquitoes,  representing  five  species  and  two genera  were  collected.   These  were  Anopheles 
gambiae s.l,  Culex decens, Culex thallassius, Culex quinquefasciatus and  Anopheles melas. They were found in a 
wide variety of habitats. Table 3 shows a summary of location, types of mosquitoes, their habitats and their numbers. 

TABLE 3
Summary of location, breeding habitats, mosquito species and numbers 

Location Breeding                 Mosquito Mean No./dip
habitats species

Ashaiman Rice field C. decens 200
C. quinquefasciatus  25     
C. thallasius 15

Fish pond C. quinquefasciatus  25     
C. decens  20

Shoreline of lakes
Ashaiman C. quinquefasciatus  19    
Storm drain C. quinquefasciatus  25

Chorkor Small pools/ A. gambiae  20
Drains C. decens 140
Shoreline of lagoon C. thallasius  15    

Gbawe Quarry pit/pool A. gambiae  50   
Pools in uncompleted C. decens 200   
buildings

Cesspools C. quinquefasciatus 100
Odorna/Adabraka Vegetable farms C. quinquefasciatus 25

Scrap heap A. aegyptii  21  
 Storm drains                  C. thallassius 50

La         Kpeshie lagoon C. thallasius 55
A. melas  60

Drains/Cesspool C. decens 100
Small pools/Drains A. gambiae 120

At Ashaiman, C. decens was the most abundant with a mean 200 species per dip. They occurred in rice fields and 
in fishponds and accounted for 64.5% of the collection. C. quinquesfasciatus (28.1%) and C. thallassius (7.4%) were 
also collected. At Chorkor,  C. decens was again the most abundant, with a mean of 140 species per dip accounting 
for 80% of the collection. A. gambiae (11.4%) and C. thallassius (8.6%)  were also sampled. At Gbawe, C. decens 
was again the most abundant with a mean of 200 species per dip accounting for 57.1% of the collections. Other 
species collected were  C. quinquefasciatus (28.6%) and  A. gambiae (14.3%). At Odorna/Adabraka,  C. thallasius 
accounted for 52.1% of the collection, C. quinquefasciatus  26%  and  A. aegyptii, 21.9%. At La, A. gambiae was the 
most abundant accounting for 35.8% of the collections,  Culex decens 29.8%,  C. thallassius  16.4% and  A. melas 
17.9%.

The  data  suggest  that  C.  decens and  C.  quinquefaciatus are  more  common  and  abundant  than  the  malaria 
transmitting A. gambiae and A. melas species. C. decens, the most abundant and widely distributed, is not known to 
transmit any known diseases in Ghana while C. quinquefasciatus is one of the chief vectors of filariasis.
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A t-test comparative analysis of the larval density in the mixed population in the rice fields at Ashaiman showed 

that the higher density of  C. decens over  C. quinque-fasciatus and  C. thallasius, respectively, was significant (P < 
0.05).  Similarly,  a  higher  density  of  C.  quinquefasciatus over  C. decens was  also significant  (P  < 0.05)  in  the 
fishponds.  C. quinquefasciatus density in Ashaiman was not significantly different from that of Gbawe. (P > 0.05) 
but  significantly  higher  than that  occurring at  Odorna (P  < 0.05).   The larval  density  of  A. gambiae at  La was 
significantly higher than Gbawe and Chorkor, respectively, at (P < 0.05). The density at Gbawe was, however, higher 
than the density at Chorkor  (P < 0.05).

Open, clear and sunlit pools appeared to favour the breeding of A. gambiae and it was found largely in ephemeral 
pools (hoof prints, footprints, roadside ditches, natural depressions, holes created by man, etc.) These small pools with 
surface areas < 0.2 m2 account for the majority of sites where A. gambiae was present while the remaining A. gambiae 
sites were charac-terised by pools with surface areas exceeding 0.2 m2. The   breeding sites of A. melas occurred in 
habitats characterised by the prevalence of short plants while no Anopheles spp. occurred in habitats populated with 
floating plants.

The preponderance of A. gambiae in such small, open, temporal pools in Gbawe, La and Chorkor locations can be 
explained by the fact that the female species of  A. gambiae preferentially select them for oviposition and this is 
evidently demonstrated by the works of Bentley & Day (1989). Their ability to survive in these small pools compared 
to permanent large pools could also be that larval predation is less prevalent or non-existent in these temporal pools as 
opposed to large permanent habitats. This view is shared by Service (1977), Mogi (1981), Washburn (1995) and 
Sunahara et al. (2002).

The relatively low larval density of A. gambiae occurrences at Chorkor and Gbawe could be attributed to either (i) 
a rapid development of the larval forms, a necessary pre-requisite for successful reproduction of A. gambiae because 
larval habitat may dry out, or  (ii) drying up of breeding sites due to its non-permanence. Despite its relative low 
density, only small numbers of  Anopheles mosquitoes are usually required to maintain any high levels of malaria 
endemicity. 

All the breeding sites were characterised by moderately high temperatures ranging between 30-36.2 ºC (Table 4), 
very ideal for the development of the mosquito larvae.  These temperatures are likely to create adequate warmth that 
enable the larvae to exploit the resources of the warm, open habitats for rapid development. This view is shared also 
by Gimming et al. (2002). According to Gillies & De Meillon  (1968), warm temperatures encountered in small, open 
habitats also shorten larva-pupa development and, therefore, hasten adult fly emergence.   

TABLE 4  
Physico-chemical  parameters of  breeding sites

Location pH Temp OC NH4mg/l NO3mg/l NO2mg/l SO4mg/l PO4mg/l

Chorkor 6.8–7.1 31–36.2 0.5–2.8 0.6–3.9 0.8–3.9 0.2–2.2 0.5–0.78
Ashaiman 8–8.2 31–33.2 0.80–1.7 3.8–3.9 3.8–3.9 0.9–1.1 0.8–9.6
Gbawe 6.3–6.5 33.4–33.7 0.2–0.5 0.1–0.2 0.03–0.1 1.3–1.5 0.8–0.9
La 6.5–7.6 30–31 0.2–0.6 0.18–0.2 0.05–0.2 1.1–1.3 0.4–0.8

The  creation  of  reservoirs  for  irrigating  rice  fields  at  Ashaiman  are  big  contributors  to  the  propagation  of 
mosquitoes. The irrigation come with the creation of additional or permanent breeding sites in both the reservoir and 
in the rice fields which leads to higher densities of mosquitoes. Such observations have been made in many parts of 
Africa (Dolo et al., 2004; Lindsay et al., 1991).

Conditions  such  as  high  humidity  (65-95%),  high  temperature  (30–36.2  0C),  abundant  water,  and  abundant 
sunshine that favour the production of rice at Ashaiman, are also conducive for the breeding and proliferation of many 
species of mosquitoes. This form of irrigated rice growing can alter the transmission pattern of malaria from seasonal 
to perennial as illustrated by Dolo et al. ( 2004).

The occurrence of the Culex species in all the five locations shows that they are very versatile and highly adapted 
to all the different types of environments found in the sampling areas. The sympatric occurrence of C. decens and C. 
quinquefasciatus in a number of places shows that they compete successfully in establishing themselves. The presence 
of salt tolerant  C. thallassius in some rice fields in Ashaiman could indicate the presence of saline conditions. It is 
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likely that the waterlogged areas may have high evaporation as a result of high temperatures leading to an increase in 
the saline content of water and the soil.

Tables 4 and 5 show the physico-chemical parameters of the breeding sites. The  pH range between 6.3 and 8.2 
established at the breeding sites is an indication that mosquitoes can be found in both acid and  alkaline environments. 
Breeding sites such as the open storm drains, fish ponds and rice fields at Ashaiman, as well as the open drains and 
the shorelines of the Chemu lagoon at Chorkor, receive large loads of waste materials. These sites had high levels of 
nutrients equivalent to, or exceeding 0.8 mg/l NH

4
, 3.6 mg/l NO

3,  
3.8 mg/l

 
NO

2
, 0.9 mg/l SO

4
, 0.5 mg/l PO

4
, and 

supported large populations of Culex species. These sites were also characterized by high alkalinity levels. Almost all 
the breeding sites at Ashaiman were characterized by high alkalinity and  moderate dissolved oxygen levels ranging 
from 6.4 to 7.5 mg/l (Table 4).  

TABLE 5
Chemical parameters (mg/l) of breeding sites

Location Alk. Sal. DO BOD

Chorkor 320–350 6.5–22.7 2.9–5.5 16–18
Ashaiman 480–550 2.7–4.5 6.4–7.5   4.9–8.4
Gbawe   20–140 2.6–6.2 8.8–18    6–12.4
La     0–30 0.6–18.1 2.8–6.5    8–12

The dissolved oxygen (DO) range of 2.9–5.5 and the biochemical oxygen demand (BOD) value of 16–18 mg/l 
recorded at sites in Chorkor indicate the different levels of pollution encountered in the Chorkor environment. The 
Chemu lagoon at Chorkor which periodically receives inflow of seawater and had salinity level of 6.5–22.7 was 
colonised exclusively by C.  thallassius, an indication that the species colonising these areas had to be both tolerant of 
salt, as well as pollution, to be able to survive.

At Gbawe, the predominant  Culex  spp. (Table 3) were found in pools with moderate nutrient values (Table 4). 
Generally, these nutrient levels were sufficient to enhance the breeding of all species of mosquitoes. In the quarry pits 
where the mean nutrient values were 0.2 mg/l NH

4
, 0.1 mg/l NO

3
, 0.03 mg/l NO

2
, 1.3 mg/l SO

4
, and 0.8 mg/l PO

4
, 

only the breeding of A. gambiae occurred and most of the pools that bred A. gambiae had oxygen levels in excess of 
8.8 mg/l  (Table 4). 

It  was observed that habitats  which favoured the breeding of  Anopheles were characterised by high dissolved 
oxygen and low nutrient levels, and this confirms the assertion that A. gambiae are normally found in good quality 
water. According to Minakawa et al. (1996), the occurrence of  A. gambiae was significantly associated with type of 
water as well as the vegetation type. However, a BOD range of 6–12.4 mg/l recorded is an indication that the  A. 
gambiae are adapted to some level of pollution in the water. The predominant C. thallassius found in the storm drains 
at Odorna/Adabraka occurred sympatrically with large populations of  chironomids and these types are known to 
tolerate very high levels of organic pollution, suggesting that the mosquito may not only be salt-tolerant but pollution-
tolerant as well.   

The breeding and proliferation of the A. aegyptii among the scrap heaps is enhanced only during the rains, and are, 
therefore, found to be rain-dependent and seasonal as reported by Chinery (1969). According to Chinery (1969), 
industrialization and other developments in Accra resulted in  changes in  the mosquito  larval  habitats,  and these 
favoured the rapid and extensive colonisation of A. aegyptii.

The Kpeshie lagoon is a major source of mosquito breeding, principally of A. melas and C. thallassius and is a big 
menace to the hotel industry. It has grasses and weeds along the bank providing shade and shelter for the mosquito 
larvae while the mangrove trees provide resting sites for adults. The nutrient levels of the breeding sites which were 
0.2–0.4 mg/l NH

4
, 0.18–0.19 mg/l NO

3
, 0.06–0.1 mg/l NO

2
, 1.1–1.2 mg/l SO

4
 and 0.4–0.6 mg/l PO3-

4 
were moderate 

values providing favourable conditions for the breeding of bacteria, alga, yeast fungal spores and protozoa, which are 
the type of food that majority of mosquito larvae ingest, hence, the prolific breeding in the lagoon area. Salinity levels 
of 7–18 mg/l in the Kpeshie lagoon indicate that those areas could only facilitate the breeding of salt and pollution 
tolerant species. 
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The study demonstrated that the Culex species encountered occur in large numbers in a wide variety of places with 

high nutrient values and low oxygen levels. The Anopheles species also occurred in a wide range of habitats but with 
relatively low nutrient status and high oxygen levels. The Aedes appear to be more rain dependent and seasonal. This 
information on the type of species, numbers and habitat characteristics is useful in determining the distribution and 
abundance of vectors for future interven-tions.
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Abstract
The relationships between peasant livelihoods and land degradation in the Gia-Kajelo community were examined in a wider context of the man-
environment relations in the African savanna. The relationship has to be looked at in a wider dimension involving conceptual frameworks that 
incorporate contemporary understanding of rural livelihoods, institutional dynamics, resource diversity, environmental variability and macro 
level  influences  on  local  socio-politico-economic  landscapes.  Investigating  these  relationship  should  move  from the  biased  technocratic 
objective assessment of virgin lands and so-called mapping of human impacts to studies identifying the environment as an arena for synergistic 
interaction between ‘man’ and ‘nature’. Based on the later approach results showed that all wealth groups experienced land degradation on their 
fields, reflecting the type of land investments made and mediated by levels of access to resources and opportunities. Being poor reduced the 
ability of most people to invest in land improvement, but being rich did not automatically lead to good environmental health.

Introduction 
The influential report by the Brundtland Commission in 1987 formally stated the poverty-environment hypothesis, 
which blamed the environmental problems in the Third World on poor people. The hypothesis explains that poverty 
leads to population growth, due to the desire of poor people to invest in more children as a source of economic and 
social security. A Malthusian spectre follows this increase, whereby land fragmentation, depletion of soil fertility, 
wood lots and other biophysical resources lead to migration and colonisation of hitherto marginal land. This in turn 
leads  to  a  fall  in  food production,  declining  standards  of  living  and  hence  poverty  (Dasgupta  & Måler,  1996). 
Environmental  destruction  and  poverty  reinforce  each  other;  the  poor  are  both  the  agents  and  the  victims  of 
environmental  destruction  (WCED,  1987).  Growing  populations,  over-dependence  on  land  resources,  weather 
vagaries and falling incomes form the basis of the bleak picture painted by environmental pessimists (Eckholm & 
Brown, 1977; Brown, 1989; Ehrlich & Ehrlich, 1990; Brown & Hal, 1994). 

Economic growth is needed to break the poverty-environment downward spiral. The slogan of the World Bank and 
others are «win-win» policies designed to promote economic growth and also benefit the environment (Taylor & 
Mackenzie, 1992; Abdulai & Delgado, 1995). This is partly because economic growth is assumed to reduce poverty 
and,  therefore,  enhance environmental  conservation  (World Bank,  1986;  Biswanga  & Landell-Mills,  1995).  The 
policies  advocated  by  World  Development  Report  1990  and  UNDP-sponsored  Human  Development  Report 
(Maxwell, 1996) involving labour intensive economic growth with targeted safety nets, promoted by ‘market friendly’ 
state policies and limited roles for state bureaucracies, key roles for institutions of civil society and recognition of the 
influence of international factors in achieving sustainable economic growth with poverty alleviation (World Bank, 
1990) testifies to the consensus on the link between poverty and environmental degradation.

Others have contested the population issue by showing evidence of population increases stimulating innovations in 
agriculture through technological and institutional changes (Boserup, 1965; Lein, 1993). The green revolution in Asia 
lent support to a Boserupian-intensification and the policy-led intensification advocated by Lele & Stone (1989) and 
capital-based intensification advocated by Matlon & Spencer (1984). Inequality in access to land and the investment 
patterns  of  large  landowners,  neither  of  which  depends  on  population  pressure,  is  the  core  of  the  widespread 
environmental  destruction  (Stonich,  1993).  Economic  and  political  marginalisation  of  peasants,  resulting  from 
expanding  capitalist  relations  of  production,  displaces  and  sets  in  motion  a  process  of  impoverishment  and 
environmental degradation. This forces them to adopt survival strategies and making certain land use decisions that 
destroy  the  environment.  They are,  thus,  executioners  of  the  final  task dictated by  external  and  internal  factors 
(Chambers, 1983; Blaikie, 1985; Carney & Watts, 1991). 

Without lapsing into the sectional ideological debates of the two camps above, this article examines the livelihood 
strategies of  different wealth groups and their  real  and perceived impacts on land degradation in the Gia-Kajelo 
community within the broader debate of sustainable rural livelihoods.  The effects of land-based livelihood activities, 
macro  level  forces  and  institutional  factors  on  the  maintenance  of  environmental  quality  and  sustainability  are 
assessed. The research shows that all land-based livelihood activities had both positive and negative effects on the 
environment irrespective of whether they are employed by the poor or the rich. Variation in magnitude of impact is 
the substantive issue between the two groups.
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Materials and methods
Theoretical framework
There has been a conceptual shift from ‘man versus nature’ perspective to a ‘people in places’ paradigm allowing the 
experiences  of  people  in  differentiated environments  influence analysis  of  social  phenomena (Forsyth & Leach, 
1998). In common parlance the concept environment is a synonym for nature, emphasizing the man/nature dichotomy 
deliberated upon in many academic disciplines (Little, 1999). Envisioning the environment differently provides an 
avenue to subjectively analyse environmental problems associated with the preferences of people living in specific 
geographical spaces (Chambers, 1994; Boyd & Slaymaker, 2000; Cavendish, 2000; Agrawal, 2001; Lambin  et al., 
2001).

A first step in understanding land degradation involves assessing the livelihoods of peasants recognizing the fact 
that they wish to continue making a living from the resources and activities they engage in. The concept of sustainable 
rural livelihoods examines the social dynamics of livelihoods and the interactions between the actors and the natural 
resource base. A livelihood comprises the capabilities, assets (both material and social resources), and the activities 
required for a means of living. A livelihood is sustainable when it can cope with and recover from stresses and shocks, 
maintain or enhance its capability and assets, while not undermining the natural resource base (Chambers & Conway, 
1992). Sustainability is defined as ‘the ability of a system to maintain productivity in spite of major disturbance, such 
as is caused by intensive stress or a large perturbation (Ahmed & Lipton, 1997).  

It is important to understand the opportunities and constraints to sustainable livelihoods. Access to endowments 
related to achieving entitlements has repercussions for sustainable livelihoods, poverty and environmental quality. 
Man-environment interactions are mediated by rules and norms, which are continuously changing in reflection of 
wider and more powerful factors such as markets, government and donor policies, weather fluctuations and other 
biophysical changes. The role of institutions is, however, not deterministic as the struggle between structure and 
agency in the social sciences show. Both can be argued to have their historical latitudes during which one gives way 
to the other.

Globalisation  or  interconnectedness  of  the  community  to  other  places  through  markets,  information,  policy 
formulations and capital flows, among others (Lambin,  et al.,  2001), is increasingly altering local conditions and 
determining land use, ownership patterns, access patterns and social capital.  Peasant livelihoods are outcomes of 
ecological, economic and political interactions, suggesting that any one-sided analysis of processes in each of the 
three  broad  domains  is  bound  to  fail  in  constructing  reality.  Political  ecology  research  programs  incorporating 
ecological concerns with wider political economy set the pace for an anthropocentric analysis of environmental issues.

Gia-Kajelo community
The Gia-Kajelo community falls within the Kasena-Nankani District of the Upper East Region, which is located in 

the north-eastern part of Ghana (Fig. 1). Agriculture is the main economic activity, with a small percentage engaged 
in white-collar jobs and activities such as artefact-making, wood cutting, quarrying and traditional medicine. It falls 
within the Guinea savanna vegetation belt described as fire-swept grassland of varying heights occurring between 
deciduous trees, which mostly have economic and social values (Dickson & Benneh, 1970). The area falls within the 
tropical continental climatic zone characterised by pronounced wet and dry seasons. The single rainy season with 
monthly totals increasing gradually from March to September forms the period when peasants have to make most of 
their livelihoods. On the average, a rainfall amount of 1100 mm is received (Department of Geography and Resource 
Development, 1992).
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Fig. 1. Map of Kessena-Nankani District showing study sites

The biophysical resources available include loamy soils,  woodlands containing wildlife and wild fruits,  which 
constitute their primary endowments in addition to their human capital and social capital. Exchange entitlements are 
crucial to the well-being of peasants, indicating the degree of integration of the peasantry to the national and global 
markets. The remoteness of the District from the national capital, its poor productive forces resulting from colonial 
neglect and policies of post-independent governments, combined with its political inarticulateness, has imposed a 
regime of nature-dependency with few opportunities for making livelihood outside agriculture and forestry. Almost 
90% of lands around the villages are cultivated continuously (focus group discussions), reflecting shortage of lands 
due to the high population density of 126 people per square kilometre (own calculation using year 2000 population 
estimate). 

Both  labour-based  intensification  and  capital-based  intensification  are  evident  on  farmlands  ranging  from the 
intensive weeding regimes, mound-building around individual sorghum and millet plants, crop watering during the 
dry  season,  mulching,  manure  processing  and  spread  application  to  the  use  of  bullock  ploughs  for  cultivation, 
application of chemical fertilizers, construction of wells and the use of the donkey carts for transport. With the decline 
of both crop yields and real prices of crops, the need to increase income from other activities to enable them buy 
imported  food  and  pay  for  public  services  has  led  to  concomitant  surges  in  investments  in  livestock  rearing, 
commercial harvesting of fuel wood, fishing, hunting, and arts and crafts that rely on natural resource harvesting. 
Other income-generating activities that did not directly result from natural resources include retail services, beer (pito) 
brewing, weaving, selling cooked food and white-collar jobs. 

Primary data 
Data used in this study was collected between June–August 1999 and in June 2002 in the twin villages of Gia and 

Kajelo, referred to as the Gia-Kajelo community, using both qualitative and quantitative methods, and environmental 
assessments of village lands. A survey covering 60 house-holds was conducted in 1999. Traversing of village lands 
orthogonally, in addition to visiting farmlands of three rich and three poor farmers located in valleys, uplands and 
sandy lands, was conducted. Four focus group discussions were organised in each village with discussions centred on 
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poverty, land management, land tenure, environ-mental processes, perceptions of land degradation, gender roles in 
production  and  wealth  ranking.  Intensive  household  interviews  were  held  with  15  households  in  August  2002. 
Households were classified into four wealth groups; the rich, the better-off, the moderate poor and the ultra-poor (Fig. 
2). The moderate poor formed the majority of the population while the other three categories together constituted 
50%.  

 

Fig. 2.  Wealth groups in the Gia-Kajelo Community. Source: fieldwork, 2000

The rich group are mostly people who have inherited large areas of land in fertile locations, inherited cattle from 
parents  and  grandparents,  or  are  pioneers  in  the  irrigation  project,  as  well  as  teachers,  extension  officers, 
stenographers and watchmen. Farmers in this group normally concentrate on crops such as rice and groundnuts in the 
rainy  season  and  tomatoes  in  dry-season  gardening.  The  better-off  are  food-secure  to  a  large  extent  and  less 
vulnerable than the poor, but they are not able to meet all their needs. They are able to feed their families, purchase 
inputs for farmland, cultivate at the appropriate time, harvest at the right time, and store their produce until prices rise. 
The moderate-poor group have few resources or endowments for participation in productive activities. Almost every 
investment decision of the moderate-  poor man is  a gamble. The ultra-poor group are the poorest people in the 
community. The parcels of land owned by this group are usually inherited, and only the lucky ones have theirs on 
fertile sections. The common asset for this group is poultry.

Perceptions of land degradation in Gia-Kajelo
Land degradation (translated by peasants as ‘earth destruction’ or  tiga chogim) to the peasants is the inability of 

nature to keep supplying the needed environmental resources for human use. Soil infertility, deforestation, reduction 
of wild fruits and wildlife were the main forms of land degradation identified through the interviews (Fig. 3) and 
confirmed by the environmental surveys. The rich and the better-off see soil infertility as the most destructive to 
livelihoods because they own huge lands, which they cannot afford to fertilize and have to make trade-offs. There was 
no consensus on the detrimental effects of deforestation. The bush fallow system is argued to cause changes in land 
use and not degradation while commercial fuelwood cutting involving the use of green vegetation was considered as 
degradation by all wealth groups. Scarcity of wood resources implied degradation, which is blamed on fuelwood 
cutting of  the  poor  and  the  farming practices  of  rich  groups.  To the  ultra-poor  everything  was wrong with  the 
environment, hence, no need to point fingers at certain forms of land degradation.
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Fig. 3. Major forms of land degradation in Gia-Kajelo
Source: Fieldwork, 2000.

Declining soil fertility is reflected in the falling yields of major staples such as millet (reported during focus group 
discussions in both villages). Farmers switch to crops such as cowpeas and groundnuts that require less fertilizer and 
which also have high commercial  values  and yields  to  compensate  for  cost  of  fertilizing.  Some elderly  farmers 
claimed they could tell the level of fertility from the colour and texture of soils and concluded that almost all village 
lands have experienced falling soil  fertility. New lands brought into cultivation performed badly after 2 years of 
cultivation, obviously the reason why the older generation did not cultivate them. Deforestation is widespread on 
common property lands. Strangely, tree density was increasing on cultivated land when air photos for 1962 and 1990 
were compared (Yaro, 2000).

Environmental traverses revealed new tree species such as mango, neem, cashew, guava, pawpaw and wild fruit 
trees, in addition to the traditional valuable trees such as the shea, dawadawa, and kapok trees protected by social 
rules from being cut. Associated with deforestation is the disappearance of wild game and wild fruits. Hunters travel 
long distances towards the Upper West Region to hunt. Wild fruit trees are protected by traditional institutions, but 
bush fires  and the lack of human efforts  to  replace  these trees  due to  traditional  believes,  has led to dwindling 
numbers dominated by very old trees. 

Soil erosion was difficult to characterise because most farmers, both young and old or rich and poor, argued that 
gullies were a necessary component of the landscape by providing safe corridors for water flow. However, sheet 
erosion that results in devastating fertility lose was acknowledged by all as serious. Others contended that gullies and 
rills reduced their landholdings and, hence, productivity. All forms of soil erosion could be found everywhere on 
cultivated  areas,  fallowed land,  and  on  common property.  Frequency of  gullies  is  highest  on  common property 
reserves while splash erosion and rills are higher on cultivated areas. The lower number of gullies on farms is the 
result of conservation practices involving the use of the hoe, which is known to prevent erosion. The higher density of 
grass on common property lands protects the soils from splash and rill erosion, but not gullies that are very wide and 
develop mostly along topographical faults and footpaths (source: environmental transects). 

Livelihood activities and access to resources in Gia-Kajelo community
Households in the study villages engage in farm or/and non-farm activities or eventually out-migrate. The farm 

sector comprises field cultivation, animal rearing, and gardens during the dry season and irrigation plots. The non-
farm sector is composed of all non-agricultural activities such as employment sources in public and private spheres, 
self-employment in  trading and manufacturing,  and the  extraction of natural  resources.  Livelihoods in the study 
villages are regulated by the dry and the wet seasons, with the wet season being the domain for farm activities, while 
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the dry season abounds with non-farm activities. Qualitative interviews showed that in the 1970s most households 
only engaged in natural resource gathering activities for non-commercial purposes during the dry season. This trend 
has changed, as most households are now busy during the dry season gathering fuelwood, burning charcoal and 
gathering  wild  fruits  for  sale  in  the  urban  and  village  markets.  Pushed  to  the  margins  of  excruciating  poverty 
household members out-migrate to the south of the country in search of farm work or menial work in urban areas.

Livelihood  activities  are  used  in  different  intensities  and  combinations  according  to  the  wealth  status  of  the 
household and  its  environmental  resources.  A livelihood in  the  Gia-Kajelo  community  is  built  on prioritising a 
balance between income and expenditure of the household and the individual. There has been a concentration on 
farming and natural resource related income-earning activities to meet the rising expenditure patterns imposed by 
structural adjustment policies. A historical overview of Ghana’s economic path from the early 1980s is appropriate in 
understanding the livelihoods portfolios and orientations of peasants. From 1983 onwards the country came under the 
Economic Recovery Program (ERP). The ERP marked the start  of structural adjustment in Ghana designed as a 
reaction to external and internal shocks unfavourable to the economy (Ampadu-Agyei, 1988; Seini, 1992; Songsore, 
1992). Some policies associated with the program included the elimination of subsidies, increasing diversification of 
export crops, the introduction of user fees in educational and health sectors, removal of price regulations and foreign 
exchange control, and the removal of restrictions or tax barriers on imported products. 

The elimination of subsidies led to increases in prices of inputs for farming which led to a reversal of gains made in 
the  adoption  of  modern  farming  methods  in  the  1970s  that  mitigated  the  effects  of  population  growth.  The 
consequence has been falling food production from over-cultivated lands that are continuously being degraded from 
over-cultivation.  Complete  withdrawal  of  subsidies  crippled  several  spheres  of  the  economy that,  hitherto,  had 
reciprocal links with agriculture. Also, the need to produce food crops to feed the spiralling urban population resultant 
from rural-urban migration led to high pressure on land resources. 

The rise in demand for land led to the alienation of poor farmers to poor or marginal lands. A case in point is the 
Tono Irrigation Dam that pushed poor farmers unto marginal land or over-cultivation regimes on compound farms. 
Population  pressure  has  led  to  land  fragmentation  that  causes  continuous  cropping  with  variable  or  no  use  of 
fertilizers (focus groups 1999). Land ownership in the area is highly unequal showing the destitute with no lands 
while small percentage of households own over six acres (Table 1). Two ultra-poor households with large lands were 
ageing  ones  but  due  to  low  levels  of  returns  from  agricultural  lands  the  lending  land  does  not  improve  their 
livelihoods significantly. Borrowing of land by relatives and friends only leads to enrich-ment of borrowers and few 
environmental investments.

TABLE 1
Landholdings in Gia-Kajelo community by wealth group

Size of land          Wealth groups
Rich Non-poor Poor Ultra-poor Total

None 2 3 1 1 7
1-2 ac 1 2 5 2 10
3-4 ac 6 3 8 0 17
5-6 ac 3 2 6 0 1
7-8 ac 3 1 0 2 6
9 and above 2 0 1 0 3
Not stated 2 1 3 0 6
Total 19 12 24 5 60

Average land holding per household in the two villages is 2.1 acres that has to produce subsistence crops and 
market crops to cater for an average of five persons per household (Table 1). The result of the pressure on land is the 
reduction in soil fertility. This is identified as the most devastating form of land degradation and blamed directly for 
the growing poverty among peasants. Calculating expansion of cultivation using air photos and satellite images for 
1962 and 1990, respectively, it is realised that compound farms experienced an expansion of 42.97% between the 
period, while bush farms declined by 46.74% and tree savanna or woodlands declined by 16.17% (Yaro, 2000). The 
District experienced a marginal increase in population from 93,397 in 1960 to only 99,006 in 1970; a percentage 
increase of 6.0% over the 1960–1970 intercensal period (Geography and Resource Development Report, 1992). The 
annual growth rate was only 0.6%. The 1984 census put the population at 149,680, indicating an intercensal increase 
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of 50,674 (51.2%) and an annual growth rate of 3.0%.  The population has subsequently fallen to 149,491 in the year 
2000 housing and population census (GSS, 2002). This is due to out-migration rather than fallen fertility.

The picture between the 1960s and 1980s contradicts the widespread belief that population growth automatically 
results in extensification. There has been an intensification of agriculture around the settlements on compound farms 
and previously rotated bush fallows. Out-migration plays an important role in reducing the effect of rising population 
in addition to intensification as shown by the fallen population between 1984 and 2000. Also, high cost of tractors and 
labour limits the extensification drive that was prevalent in the 1960s funded by the Nkrumah Government. The Tono 
Irrigation Project is a source of major ownership for about 30% of the villagers. Having access to an irrigation plot for 
vegetable and rice cultivation, the most profitable and suitable, is linked not only to ability to pay for the services, but 
also to ‘whom you know’. 

Hardly do you find an ultra-poor person on the project though initially most of them cultivated small plots on the 
project. The cost of fertilising, land fees and gaining access through the bureaucratic system excludes most poor 
people. Agro-forestry plots are comparatively new with no defined ownership as peasants feel the land is theirs while 
the trees belong to the NGO with fruits accessible to so-called ‘members’. Most uncultivated lands are unsuitable for 
farming, but good enough as pasture, the natural growth of wild fruits and as habitats for wildlife. This could be 
regarded as the common property resource reserve accessible to every peasant.

The reflection of these combinations of factors can be seen partly in reported status of farm conditions by different 
wealth groups (Table 2). Fallen tree densities on farms is common across farms of all wealth groups but more evident 
on the case of the poor and ultra-poor. Fuelwood cutting as an off-farm income activity explains this pattern where 
poorer groups are more likely to exploit fuelwood from their farms for sale or clear trees to increase area available for 
crop cultivation since land sizes are small. The ability of farmers to control rill erosion is dependent on cultivation 
method and labour availability for contour bunding (focus group discussions). Wealthier groups used more bullock 
ploughing techniques and tended to have more labour sources than the poorer groups, hence, the low incidence of rills 
on their farms. 

TABLE 2

Farm condition of different wealth groups in the Gia Kajelo community

Wealth groups
Farm condition Rich Non-poor Poor Ultra-poor Total
Few trees 7 6 10 4 27
Rills everywhere 4 2 5 0 11
Mixed and varied 8 4 9 1 22
Total 19 12 24 5 60

Free market policies have also meant elimination of import taxes supposed to make the local producers competitive 
and efficient through a ‘slow grow up’ process. Unfortunately, the dumping scenario the country has witnessed since 
the inception of this policy has crippled local industry and agriculture. Importation of rice from Asia and the USA has 
led to the abandonment of many rice farms in northern Ghana; among them is the well known Nasia Rice Company. 
The  non-humanistic,  but  econo-mistic  policies  have  mainly  benefited  the  export  sector  and  firms  engaged  in 
importing foreign products for the urban populace to the detriment of the ubiquitous peasant. The most impor-tant 
rises in expenditure are reported health for all wealth groups, while the poorer groups identified rising food prices as a 
major problem to livelihoods (Table 3). This is an indication of poor agricultural produc-tion that must be comple-
mented by food purchases through exchange using cash crop and livestock. 
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TABLE 3

Rising expenditure sources in the late 1980s in the Gia-Kajelo community

Increased expenditure               Wealth groups
Rich Non-poor Poor Ultra poor Total

Health 11 10 10 5 36
Food 0 2 6 0 8
Clothing 0 0 1 0 1
Farming 0 0 2 0 2
School fees 5 0 1 0 6
Building materials 0 0 2 0 2
Not stated 3 0 2 0 5
Total 19 12 24 5 60

Source: Livelihood survey in villages

Years of land fragmen-tation, out-migration and changing institutional rules to land acquisition involving monetary 
transactions preclude the poor from accessing more lands. Some landlords require a cow and some cash to lease out 
land permanently for cultivation in contravention of the traditional kola nut, cowry and tobacco required by tradition. 
There is increasing monetisation of land transactions for both residential and cultivation purposes. Mitigating the 
effects of falling incomes is mainly through reducing expenditure levels on production and household upkeep. Land 
management strategies that seek to reduce expenditure include reduction in fertilizer application, selection of specific 
crops and land types for fertilising, single weeding regimes, burying grass and other residue for compost manure, fire 
clearing of farms, usage of family labour as substitute for machinery, early harvesting before maturity to break the 
hunger season and the formation of alliances with other farmers to help in cyclical labour distribution (focus groups 
2002).  Expenditure-reducing strategies  are  the  commonest  because of  the  widespread nature  of  poverty  and  the 
necessity to protect the resource base.

Poverty of the peasant is their inability to feed their family all year round, educate or meet the health needs of their 
children, buy inputs for their farm work, live under a strong roof and contribute in discussions that have a bearing on 
her/his future and generations to come. People are loosing these rights day in day out as their purchasing power and 
social status decline due to increasing vulnerability of the society in general. The degree to which peasants experience 
these trends varies greatly reflecting the wealth differentiation among them. 

Sustainable livelihoods are derived from peoples’ capacity, enabled by their entitlement sets, which result from 
endowments that are shaped by institutions at various levels of society (Behnke & Scoones, 1993; Leach & Mearns, 
1996; Beck & Nesmith, 2000). Access to resources in Gia-Kajelo is defined by both traditional land tenure and power 
relations within the village and formal rules in the form of district  by-laws and national forestry and land laws. 
Changing access patterns to lands has its roots in population induced land fragmentation, demand related pressure, 
appropriation of land by government for irrigation and forestry, non-equitable allocation patterns of family land by 
some greedy landlords bedevilled by favouritism, and land sales by land chiefs and chiefs in response to urban sprawl, 
and the subsequent commoditisation of land. 

Investment activities and land degradation
Investments in crop cultivation, animal husbandry, and natural resource harvesting using inputs such as labour, 

equipment, capital and fertilizers keep the productive wheel rolling. The availability of these investment resources 
determines the sustainability of strategies adopted by peasants in maintaining their livelihoods. Peasants will invest in 
activities and assets that improve their incomes, and also broaden their livelihood base, thereby, allowing a broader 
manipulation. The most important investment items were increases in farms sizes or the cultivation of specific crops, 
purchases of livestock and the creation of social safety nets. Livestock stood out as the most important source of 
security because of the ease of conversion to food, inputs for farming and cash. 

What are the most destructive investment patterns? Who engages in these investment activities? How do they 
perceive their impact on the environment? The investment patterns of the people have both positive and negative 
effects on land quality. The degree to which each wealth group engages in a particular activity determines the amount 
of land degradation or aggradation they cause (Tables 1, 2 and 3). This degree is shown by the rank assigned by the 
villagers to each wealth group. The lowest rank being * (1) and the highest being **** (4), with – showing absence or 
0 level of involvement. 
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Tractor ploughing helps farmers put in place an effective way of checking soil erosion and controlling drainage. It 

also aids in bringing up soil nutrients that are leached but still within reach of the plough in addition to producing 
compost through the covering of grass and debris. At the same time tractor ploughing necessitates large removal of 
trees and stumps that post a hazard to the expensive ploughs. Continuous ploughing also leads to loose and infertile 
soils as a result of the destruction of the structure of the soil. 

Gardens are examples of agricultural intensification of a Boserupian type. Farmers get to understand many aspects 
of farm production such as drainage, nutrient recycling, crop tendering and soil manipulation using these small units 
as experimental learning environments. At the same time garden construction has been a source of land degradation 
when  it  is  considered  in  a  place-based  perspective.  Manure  and  debris  that  would  have  been  used  to  fertilise 
compound and second ring farms are transferred to garden beds, which are often overdosed to ensure maximum 
output.  Secondly,  it  reduces  the  variety  of  energy  sources  for  cooking  by  using  stalks  and  stems  for  fence 
construction, thereby, pushing women to cut trees to supplement household energy needs. Thirdly, in the beginning of 
the rainy season debris from garden structures are swept into the irrigation dam and other drainage channels. The 
irrigation  authority  has  blamed  the  increasing  siltation  of  the  Tono  dam  on  garden  activities  of  the  people. 
Construction of gardens on the valley of the Tono river when it recedes in the dry season is largely responsible for this 
trend. Gardens located far away from rivers and dams make use of water from wells and do not contribute to this trend 
but may reduce the water table.

Investment in new crop varieties, though promising in terms of higher output and suitability to initial conditions, in 
the long run may cause the exhaustion of most soils without adequate inputs.  These are mostly new varieties of 
sorghum, maize, cowpeas and cotton that require chemical fertilizers and, in most instances, involve the use of the 
tractor and bullock ploughs which also have their dark sides. Most farmers claimed that the destruction of the soil 
structure and the subsequent sandification of the soil is a result of the use of chemical fertilizers.

The rearing of livestock, in general, leads to the production of manure and availability of cash income for the 
purchase of farm inputs. A majority argued that cattle are the best in terms of production of manure, while goats 
served best in clearing the landscape as a preventive measure against bush fires.  Cows and sheep, they say, are 
selective in grazing and do not over-graze because they leave out unwanted grass species. Goats, on the other hand, 
will eat anything provided the desired species are exhausted. Poultry was not blamed for any destructive activity but 
rather seen as eco-compatible. Livestock hardly lack grass to feed except during drought years when the long dry 
season gives rise to bush fires that destroy pasture (general opinion in both villages). The issue of overgrazing is 
contestable in the study area. Bush fires have been argued to destroy pasturelands during the dry season. Animal 
numbers per household correspond to labour requirement for tethering during the cropping season. This has a limiting 
impact on number of livestock owned.

Non-farm activities  also have  spin-off  effects  on land  degradation.  Local  beer  production (pito  brewing)  had 
negative impacts on the environment as it competes with household for supply of sorghum and millet, necessitating 
the  expansion  of  production  mostly  in  the  form  of  extensifi-cation  of  agriculture.  Pito  consumption  leads  to 
alcoholism, which, in turn, leads to a reduction in household resources and assets. Most alcoholics might be smokers 
at the same time, which increases the incidence of bush fires. 

Shea butter (butter from the nuts of the shea tree) and dawadawa (condiment from dawadawa tree) processing 
which depend on nature for their raw materials have formed the core of local industry for centuries. The shea and 
dawadawa trees grow naturally and are protected against bush fires and farming activities of land managers. Only dry 
portions of these trees are used as fuel wood and, therefore, help ecological soundness since they are protected.

Fuel wood cutting is probably the most obvious activity that leads to land degradation.  Cutting trees used to be 
limited to dry branches and fast growing shrubs, but rising urban demands has included green trees and, hitherto, 
unwanted species. The shortage of dry trees and the distance involved in travelling to where these are found make 
people resort to cutting branches of green trees. Cutting of green trees is rampant on communal land that is out of 
range of monitoring. The land chief only realises after a week or two that some trees have been cut on communal 
lands, and it is often too late for any protective action to be taken.

All groups engage in activities that have a double effect on the quality of their environments. Judging from Tables 
1, 2, and 3, the rich and the better-off fall into many of this double effect category. They have a 100% involvement in 
tractor ploughing, gardens, cattle and sheep rearing, with minimal representations in tree planting, alcoholism and 
woodcutting. They are both destroyers and builders of the environment. What is difficult to measure is the net effect 
of their activities. The individuals within each group had different net effects on the environment depending on the 
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time or season, degree of adherence to institutions and the prevailing socio-economic atmosphere. The bush fallow 
system practiced by the rich and the better-off (Table 4) obviously causes deforestation, while crop rotation with 
maximum use of manure and chemical fertilizer on farmlands close to settlements ensured good soil management. 
Bush fires benefit this group by opening up more areas for cultivation. 

TABLE 4

Livelihood activities of the well-off and the relationship with land degradation 

               Environmental Impacts
Wealth group Investment item Rank Positive effect Negative effect

The rich Farm management:
and the Manure ** Good soils –
better-off Fertilizer *** Increase fertility Bad soils subsequently

Hoe and bullock ploughing **** Good soil structure –
Tractor ploughing *** Check erosion Loose soil, devegetation
New crop varieties *** Suited to soil Exhaust soil fertility
Tree planting * Improve climate & soil –
Erosion control- bands, ** Good soil
     furrows –
Garden construction **** Good management skills Affects other places: 
dam siltation
Livestock rearing

Cows **** Manure, ploughing Reduces vegetal matter
Sheep **** Manure Not very bad
Goats *** Manure Overgrazing
Poultry * Manure for vegetables –

Pito brewing ** – Extensification
Alcoholism * – Bush fires
Shea butter making ** Protection of shea trees
Dawadawa making ** Protection of dawadawa
Wood cutting * – Devegetation

Source: Fieldwork, 2000

The wisdom of private property systems might be the overriding factor here, as the rich see compound and second 
ring farms as fixed property while the bush lands can change ownership overnight. Lack of strict institutional rules 
governing bush lands is blamed for this conception. Access to labour from other wealth groups allowed these groups 
to implement several water and soil conservation technologies, such as multiple weeding with heaps around individual 
crops, blocking or opening water channels, and carrying manure over considerable distances. A spread effect they 
have on poorer groups is helping them with ploughing, seeds and tools for digging wells.

The moderate poor intensified production both on compound and second ring farms with few of them having bush 
farms (Table 5).  The compound farms are well fertilised from manure and other household debris,  while a little 
amount of chemical fertilizer is used on second ring farms. The soils are often very impoverished except on fields 
with commercial crops such as maize, cotton and cowpeas where fertilizers are applied, funded by livestock sales or 
cotton  companies.  Some have  benefited  from NGO activities  in  planting  trees  on  their  farms,  which  helps  the 
environment and also provides them with income and food from fruits, with the potential of being used as fodder for 
livestock and future fuel wood. Soil and water conservation strategies are widespread among larger households. The 
more people a household had the lesser the amount of erosion on their lands. 

TABLE 5
Livelihood activities of the moderate-poor and the relationship with land degradation

                Environmental impacts
Wealth group Investment item Rank positive effect Negative effect

The On farm
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moderate Manure ** Good soils –
poor Fertilizer * Increase fertility Bad soil

Hoe and bullock ploughing ** Good soil structure –
Tractor ploughing Check erosion Loose soil, devegetation
New crop varieties ** High yields Exhaust soil
Tree planting ** Improve climate & soil –
Erosion control- bands, * Good soil –
   furrows
Garden construction **** Good management skills Affects other places
Livestock rearing

Cows * Manure, ploughing Reduces vegetal matter
Sheep ** Manure Not very bad
Goats **** Manure Overgrazing
Poultry **** Manure for vegetables –

Non-farm
Pito brewing *** – Extensification
Alcoholism ** – Bush fires
Shea butter making *** Protection of shea trees
Dawadawa making *** Protection of dawadawa
Wood cutting *** – Deforestation

Source: Fieldwork, 2000 

Larger households tended to own more garden units because of abundant labour and stronger networks with other 
families that enable reciprocal assistance in executing major tasks (75% of households from survey 1999). This group 
protects economically valuable trees because the women make a living from exploiting this resource as raw material 
for making market bound products.  Fuel wood harvesting is a major activity for the women in this group. They 
harvest wood from common property and free-access lands and also trade in agricultural produce  in markets in 
Navrongo,  Chiana and Paga. Bush fires on grazing lands close to settlements are blamed on this group, and the ultra-
poor who get drunk on market days and throw burning tobacco on bushes along footpaths. Also the poor, in an 
attempt to smoke out wildlife, intentionally cause bush fires with devastating results (reported in all focus group 
discussions).

The ultra-poor own small parcels of land on second ring lands in addition to compound farms (Table 6). Labour 
and resources for expansion is the limiting factor and not land fragmentation as postulated by the literature. Poor 
yields  of  crops  characterise both land categories indicating soil  infertility,  which is  often associated with severe 
erosion. They possess small number of livestock, which cannot produce the manure needed for fertilising the land 
while remittances are not forthcoming from migrated members. Fuel wood harvesting is a major source of income 
while wild fruits constitute a major source of food security. Fuel wood is gotten from their own farms in addition to 
common property lands. The very poor are forced to abandon their fields and labour for the rich in order to earn 
income needed to buy inputs for their farms. This reduces the time and attention needed to sustain the traditional 
farming system that preserves the environment. The loss of entitlements of this group is initially started by high 
expenditure and falling incomes which necessitate out-migration of strong male members. The resultant decrease in 
assets, such as livestock and labour lost, decreases their ability to invest in regenerative land management. Depletion 
of initial endowments is very critical in the impoverishing process, which is difficult to stop unless migrants are 
successful.

TABLE 6
Livelihood activities of the ultra-poor and the relationship with land degradation

   Environmental Impacts
Wealth group Investment item Rank Positive effect Negative effect

On-farm
Manure * Good soils –

The Fertiliser Increase fertility Loose soils
Hoe and bullock ploughing * Good soil structure –

Ultra- poor Tractor ploughing – Check erosion Loose soil, devegetation
New crop varieties * Suited to soil Exhaust soil
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Tree planting – Improve climate & soil –
Erosion control- bands, – Good soil –
      furrows
Garden construction ** Good management skills Affects other places
Livestock rearing

Cows – Manure, ploughing Reduces vegetal matter
Sheep – Manure Not very bad
Goats ** Manure Overgrazing
Poultry *** Manure for vegetables –

Non-farm
Pito brewing * Income Extensification
Alcoholism *** – Bush fires
Shea butter making ** Protection of shea trees
Dawadawa making ** Protection of dawadawa
Wood cutting **** Income Devegetation

Source: Fieldwork, 2000 

Discussion
Are the links real?
The study reiterates the fact that land degradation results from forces emanating from macro level policies and natural 
processes aided by human practices. The results of the study show that  poverty does not necessarily cause land 
degradation. Rather, the forces or incentives from macro factors at any given time determine the type of practice or 
treatment the land will be subjected to. The rich and the very poor cause more land degradation than the non-poor and 
the poor. Each of the wealth groups identified had their distinctive, though crosscutting characteristics regarding their 
relationship with land. These characteristics are elicited by looking at their land management and investment patterns 
on land. These are in turn explained by their budgets,  which are dictated by the socio-economic situation of the 
country. 

The toll exerted by the difficult economic atmosphere of Ghana is reflected in the need to expand food production. 
Expanding  food  production  is  achieved  in  two  ways;  one  is  expanding  the  area  cultivated  and  the  second  is 
intensifying the use of already cultivated lands. The well-to-do groups have the opportunity to expand production 
because of the advantage of larger entitlements, which they possess over the poor. Both agricultural intensification 
and extensification is practised by the well to do, while the poor have little possibilities for extensification but possess 
reasonable levels of assets for intensification. Extensification leads to land degradation through devegetation, bush 
burning and mechanical tillage. Intensifica-tion involving chemical fertilizers has been known to have adverse effects 
on the land. Also, intensification without adequate levels of fertilizers – natural or artificial – has adverse effects on 
land that is synonymous to desertification.

Agricultural extensification and intensifi-cation are caused by the general socio-economic condition of the country. 
The  introduction  of  a  neo-liberal  path to  develop-ment  with its  stress  on  the  role  of  the  market  has  led  to  the 
commercialisation of the economy. Removal of subsidies in the face of stiff competition by cheap foreign agricultural 
products has reduced the ability of the poor to engage in rewarding and good land management techniques while the 
rich who struggle to meet their cost levels resort to environmentally unsustainable practices to keep them in business. 

Poverty is but one factor that determines the way individuals use the land. Poverty’s influence on land-use is not 
uniform since it is subject to variations, whose intensity is crucial in the analysis. The level of poverty has a higher 
explanatory value than poverty as single variable. The poor in the study area were seen to employ probably the best 
land-use  practises  in an attempt to  continue the  sustainable  agricultural  practices of  their  ancestors.  Agricultural 
intensification with the use of minimal chemical fertilizers characterised this group. Well-to-do groups had a lesser 
degree of agricultural intensification because of the availability of more land that necessitated the substitution of some 
level of mechanisation for labour and chemical inputs for natural regeneration practices. 

The very poor seem to lend credence to the poverty-environment hypothesis. Stack poverty makes people resort to 
the destruction of common property under the cover of darkness and the destruction of their own lands through over-
cultivation and harvesting of vegetation. Some amount of resources or entitlements is necessary to ensure good land 
management.  On the other hand, the abundance of some resources in the hands of  people who do not have the 
managerial ability, coupled with scientific inputs to manage and maintain them, also lead to bad land management.
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Naturally occurring processes such as drought, floods and black fly infestations have had significant impacts on 

land degradation or improvement. Droughts are a recurrent feature of the area with devastating impacts on vegetation, 
soil and animal husbandry. Bush fires that destroy the land during droughts are incomparable to any human land-use 
type. Floods have turned the surface of the landscape into an architectural drawing of gullies and channels that are 
hardly used as water channels. Vegetation and the rich top soil are carried away during floods, thereby, causing land 
degradation. 

As opposed to poverty-environment hypothesis, improvement in income of the people is a necessary step but not a 
sufficient condition for good resource management. This is because of the fact that several factors and not just the 
amount of money determine resource management possessed by the land user. Also, poverty does not emanate only 
from land degradation but from increases in the general expenditure or cost of living of the country that has been 
exacerbated by the introduction of neo-liberal policies. 

 Cultural factors, rather than only economic reasons, propel population growth in the area. Education is the major 
factor that breaks the desire to have more children rather than wealth. A rich illiterate does not see the need to cut 
down his family size when he feels he can cater for all of them. Family planning is even being interpreted as giving 
birth to the number of children one can cater for and not a conscious effort to reduce dependency burdens and increase 
human welfare. A policy of increasing income through economic growth will not reduce population growth. It has to 
be backed by a vigorous educational campaign to instil into the people the need to change their traditional notions of 
large families.

The range of strategies resorted to by the rural people do not support the poverty-environment hypothesis even 
though some wealth groups might lend credence to it. The strategies are mainly geared towards reducing expenditure 
or increasing income to ensure normal livelihoods. The dominant investment item has been garden making, which is a 
perfect  example  of  agricultural  intensification  that  is  needed  in  the  face  of  growing  populations.  Livestock 
investments, contrary to the literature, has overriding benefits for the environment by providing manure, increasing 
income for further investment and reducing bush fires. Strategies that are deleterious to the environment are used by 
all categories of wealth groups.

The  research  findings  provide  little  support  to  the  hypothesis  under  study  and  reveal  many  dimensions  of 
previously generalised problems. Poverty comes into the picture only when one separates it from larger processes and 
tries relating it to land degradation. In that case the advantages one derives from an integrative study that encompasses 
several factors in a chain-like fashion is lost. 

Conclusion
It is realised that socio-politico-economic forces emanating from the macro and micro levels carve out livelihoods of 
peasants.  These forces dictate the survival strategies,  investment patterns and management practices of  land that 
defines the land-use pattern of the area. Land-use in turn determines the environmental status of the land. The study 
gives an account of the relationship the wealth groups identified have to land and land degradation. All the wealth 
groups engage in practices that both destroy and build the environment albeit in different proportions. The rich, in a 
bid to increase production in an increasingly difficult economic landscape, extensify agricultural production with 
consequences such as deforestation and lost of soil structure. 

The investments people make are constrained by their entitlements and dictated by the socio-economic condition of 
the  district  and nation.  The survival  strategies  and investment patterns  lead to  both land improvement and land 
degradation. Asset levels or endowments or access to environmental resources, which are of overriding importance in 
peasant  livelihoods,  are  defined and shaped continuously by institutional  rules and norms,  weather vagaries and 
globalisation of trade and government policies. The ability of peasants to engage in environmentally friendly activities 
depends heavily on their asset levels. However, being non-asset poor does not automatically lead to environmentally 
sound practices, as shown by the activities of the rich and non-poor wealth groups in this case study. Improvement in 
income of the people is a necessary step but not a sufficient condition for good resource management.
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Abstract 
Surface and groundwater samples within the catchment area of the Obuasi mine were analysed to assess the impact of mining activities on water 
resources. The concentration of Fe, Mn, Cu, Zn, Pb, Cd, Hg, As and selected major ions in water samples were analysed to assess their role in  
the contamination of both surface and ground water. The mineralogical composition of various mine spoil and rock samples was investigated by 
microprobe analysis to ascertain the possible sources of the metals in drainage and ground water. The hydrochemical analytical study, using 
standard methods, shows that streams in the study area have higher trace and major ions loading than ground water with iron and arsenic 
concentrations ranging from 0.025 mg/l to 17.19 mg/l and < 0.001 mg/l to 18.91 mg/l, respectively. Hydrochemical modeling of water types 
showed varied composition for both ground and surface water, but with strong indication of mixed waters from a variety of sources. The 
microprobe results showed that waste rocks and related mine spoil contain a variety of Fe, Cu, As, Sb, Zn and co-bearing sulphides with strong 
compositional variations, and account for the augmented levels of these metals in drainage proximal to mining and processing facilities. The 
probe results did not show Hg in mine spoil, and very high Hg values observed in the vicinity of areas of intense illegal small-scale mining are 
attributed to the use of this chemical by miners in gold amalgamation. 

Introduction
The study area is within the mining lease of the Ashanti Goldfields (Obuasi) Limited, and situated 160 km northeast 
of Accra. The Obuasi mine has been in operation for the past 110 years and can be described as the single industrial 
hub of the Ghanaian economy. It has produced in excess of 30 million ounces of gold since its inception and accounts 
for over 60% of the total national gold production. Its inventory of global resources is estimated in the neighborhood 
of 80.8 million tons at 8.1 g/t (Gyapong & Amanor, 2003). 

The  mine  has  undergone  extensive  expansion  and  modernization  in  the  last  two  decades  resulting  in  the 
development of extensive open pit mines and increased underground mining operations boosted by the development 
of a mosaic of new shafts. There has also been modernization of the processing technology used in the mine, with the 
introduction  of  hydrometallurgy  and  bio-oxidation  technologies  and  gradual  phase-out  of  pyrometallurgical 
processing up to 2000, in a move to reduce environmental pollution. The area also has a long history of native mining. 
Artisanal mining has been recorded in the area as early as 1471 (Kesse, 1985). Currently, active artisanal mining is 
intense in the area, but conducted by illegal miners, since the entire area is covered by the concession of Ashanti 
Goldfields. 

The development of extensive mining operations in an area that can be described as ecologically sensitive zone, 
covered by forested highlands rising up to 400 m above sea level in some places and well-developed drainge system 
would certainly give rise to environmental problems. The changes from pyrometallurgy to hydrometallurgy and bio-
oxidation were aimed at minimizing some of these environmental problems associated with the mineralogy of the ore. 
Environ-mental  monitoring data  obtained from water  quality,  mineralogical  and gecochemical  studies have been 
limited to the vicinity of these processing facilities and ore, respec-tively (Amonoo-Neiser & Busari, 1980; Jetuah, 
1997; Carbo & Sarfo-Armah, 1997; Clement et al., 1997). 

There is paucity of literature on specific geological controls on natural and mine water and their impacts on water 
resources in the area. The paper examines the mineralogical assemblages in mine spoil and rocks hosting toxic heavy 
metals as possible sources of these metals in drainage and ground water in the area, and assesses the impact of mining 
including illegal artisanal mining activities on water resources in the Obuasi township and its satellite communities 
(Fig.1).
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Figure 1: Map of Study Area showing sampling points. 

Geological setting 
The geology of the Obuasi mine has received considerable attention (Junner, 1932; Gyapong, 1980; Kesse, 1985; 

Bowell, 1993). The deposit is located in Birimian metavolcanics and metsedimentary rocks. Bedded and altered dark 
gray and black phyllite and sericite schist dominate the metasediments with quartz, sericite, and carbonates making up 
the  bulk  of  mineralogy  of  these  metasediments.  The  metavolcanics  represent  concordant  flows  within  the 
metsedimentary pile (Hirdes & Leube, 1989) that are intruded by contemporaneous and post tectonic granitoids. The 
volcanic  units  are  largely  tholeitic  in  character  that  have  been  subjected  to  greenschist  metamor-phism. 
Mineralogically, they are dominated by carbonate, chlorite, albite, sericite quartz, leucoxene and epidote. 

Structurally,  mineralisation  conforms  to  a  general  strike  of  NNE-SSW.  Multiple  deformational  events  have 
produced pervasive shear zones, striking between north and NE, and dipping at fairly high angles on either side of the 
vertical plane. These zones acted as channels for gold laden solutions (Gyapong, 1984). These multiple deformational 
regimes  are  believed  to  account  for  four  distinct  mineralization  types  at  the  mine:  quartz  vein  mineralization, 
disseminated  sulphides  mineralization,  granitoid  mineralisation  and  supergene-enriched  oxide  ores  (Gyapong  & 
Amanor, 2003). It is the quartz veins and the oxide ores that are very amenable to mining and mercury amalgamation 
by illegal miners in the area. 

Materials and methods
Two different media were sampled in the study: rock samples were taken from mainly mine spoil heaps to assess their 
sulphide mineralogy, principal custodians of heavy metals and water from streams, boreholes and hand-dug wells 
were collected to evaluate heavy metal status and other water quality parameters. A total of 30 samples from the 
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different media were taken with the following distribution: five rock samples and 25 water samples comprising 12 
from boreholes, 10 from streams and three from hand-dug wells.  

The collection, preservation, storage and preparation protocols of water samples followed those outlined in APHA 
(1998) and elaborated by Eppinger et al. (2000) for major ion and trace element determination. For water sampling, 
polyethylene bottles were rinsed three times with the water to be sampled prior to sampling. The analyses were 
performed at the Water Research Institute of the Council for Scientific and Industrial Research, and followed standard 
methods.

Rock samples were examined in hand specimens and appropriate areas of interest marked for polished thin section 
for mineralogical and chemical studies using transmitted and reflected light  microscopy and electron microprobe 
analysis,  respectively.  Phase  and  textural  relations  among sulphides,  carbonates  and  silicates  were  noted  during 
microscopy and electron microprobe examination.  The analysis  was conducted at  the Geological  Institute  of  the 
University of Copenhagen, Denmark, using a JOEL JXA- 8200 WD/ED Supermicrobe combined micro analyzer 
operating at 20 KeV with 10 µm beam resolution and wave dispersion (WD) length of 11 mm. Each spectrum was 
acquired in 20 seconds. Standard reference materials were used to calibrate the instrument for quantitative analysis of 
sulphides, carbonates and silicates. 

Results and discussion
The  results  demonstrate  significant  variation  in  the  concentration  of  the  determined  metals  in  water  samples. 
Microprobe investigations revealed varied sulphide mineralogical assemblages with strong compositional variation 
arising from the incorporation of potentially toxic trace metals which also had strong finger prints in drainage waters.

Water
The hydrochemical analytical results show that streams in the study area are more polluted than groundwater. 

Groundwater is generally benign with only iron and arsenic values   exceeding the maximum permissible WHO guide 
values in one sample in the case of iron and in four samples in the case of arsenic. Concentrations of iron and arsenic 
in groundwater range from below detection to 15.34 mg/l and 0.801 mg/l, respectively (Table 1). Concentrations of 
the measured parameters in water  from streams are  much higher than in groundwater  and are several  orders of 
magnitude above the  WHO permissible  maximum guidelines  for  these  parameters  in  water  except  for  zinc  and 
copper. 

TABLE 1
Water quality parameter status in groundwater water in (mg/l) except otherwise stated 

Parameter     Mean      Median     Standard         Min      Max WHO max. 
    deviation guide value

Fe 1.343 0.044 3.938 0.019 15.340 0.3
Mn 0.120 0.103 0.106 0.001 0.329 0.5
Cu 0.025 0.020 0.023 0.001 0.094 2
Ni 0.013 0.011 0.012 0.002 0.046 0.02
Zn 0.042 0.028 0.039 0.004 0.127 3
Pb 0.016 0.001 0.026 0.000 0.096 0.01
Cd 0.002 0.002 0.002 0.002 0.009 0.003
Hg 0.004 0.001 0.004 0.001 0.009 0.001
As 0.082 0.009 0.211 0.009 0.801 0.01
pH 4.969 5.070 0.608 3.700 5.620 6.5–8.5
Conductivity (µS/cm) 149 147 86 51 344
Total alkalinity 34 21 38 0 128
Ca 8.540 7.200 7.345 0.800 30.500 200
Cl 8.727 5.860 10.141 0.190 36.700 250
Na 12.380 11.100 6.605 3.300 25.700 200
K 0.207 0.010 0.338 0.010 1.100 30
NO3 8.065 0.700 20.616 0.019 80.300 10
PO4 0.206 0.040 0.317 0.014 1.030
SO4 1.211 1.380 0.835 0.040 2.460 400
F 0.070 0.070 0.040 0.020 0.190 1.5
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SiO2 33.180 29.500 11.926 12.300 50.500

Mg 5.467 5.300 2.868 0.500 9.500 150
HCO3 64.793 65.000 33.811 0.000 126.900
TSS 7.275 0.500 17.469 0.090 66.000

TDS 97.173 95.600 55.740 33.300 223.600 1000
Turbidity 3.121 1.000 3.210 0.630 10.000 5

Number of samples = 13
Asernic values are above the WHO guide values in all streams including The Fena at Adaase, Hia No. 2 and 

Faaman, all upstream of mining and processing facilities. However, the highest concentration of arsenic in streams 
were recorded immediate down-stream of mining and processing facilities.  Iron values in streams range from 0.0259 
mg/l at Adaase to 17.19 mg/l at Kwabrafoso while arsenic ranged from < 0.001 mg/l at Adaase to 18.91 mgl/l at 
Kwabrafoso (Table 2). The arsenic concentration in streams within the vicinity of mine facilities in the study area of 
up to 18.91 mg/l is considerably higher than the average range of As in typical arsenopyrite bearing gold ore, globally 
estimated between several µg/l  to 100 µg/l (Dinelli  & Tateo, 2001). Major ion concentrations in streams exhibit 
similar patterns as trace ions discussed above. 

TABLE 2
Water quality parameter status in streams (mg/l) 

Parameter Mean    Median    Standard        Min.         Max.      WHO max.
   deviation      guide value

Fe 5.032 3.642 5.258 0.259 17.190 0.3
Mn 0.758 0.464 0.777 0.146 2.584 0.5
Cu 0.023 0.020 0.024 0.000 0.086 2
Ni 0.025 0.015 0.022 0.003 0.058 0.02
Zn 0.034 0.022 0.035 0.003 0.120 3
Pb 0.014 0.003 0.021 0.001 0.057 0.01
Cd 0.002 0.002 0.000 0.002 0.002 0.003
Hg 0.008 0.009 0.005 0.001 0.018 0.001
As 3.137 0.291 5.903 0.009 18.910 0.01
pH 6.678 6.665 1.041 4.660 8.330 6.5–8.5
Cond (µS/cm) 389.000 376.500 233.049 126.000 847.000
Tot. alkalinity 24.710 0.000 33.431 0.000 87.000
Ca 26.360 15.600 23.454 8.000 75.400 200
Cl 14.560 11.600 7.148 7.780 27.000 250
Na 24.340 16.950 18.121 5.900 60.500 200
K 10.940 9.550 7.974 2.300 27.000 30
NO3 0.144 0.035 0.286 0.010 0.940 10
PO4 0.544 0.090 0.904 0.014 2.800
SO4 76.121 59.550 71.452 3.000 240.000 400
F 0.053 0.050 0.024 0.020 0.100 1.5
SiO2 21.140 21.350 4.021 13.100 26.600
Mg 11.930 8.500 10.988 2.400 33.400 150
HCO3 112.120 111.550 68.054 19.500 258.600
TSS 344.550 66.500 866.406 1.500 2799.000
TDS 252.870 244.750 151.488 81.900 550.600 1000
Turbidity 106.925 41.500 154.230 3.000 501.000 5

Number of samples = 10

Elevated values of Mg, Ca, SO
4
, HCO

3
 are observed in samples from streams immediately down stream of mining 

and  processing  facilities  at  Kwabrafoso,  Binsere,  Dokyiwa  and  Sansu.  The  strong  spatial  variation  in  the 
concentration of measured parameters is reflected in the standard deviations presented in Tables 1 and 2. 

Generally, major ions from stream samples show strong moderate to positive correlation with As, Mn, Cu, Ni, and 
Zn. According to Zhu et al. (2003), such positive correlation of arsenic and heavy metals with major ions provide 
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evidence that arsenic and these trace ions are likely derived locally from the water-mineralized rock interaction. This 
suggests that they are products of dissolution of host minerals occurring together. As pointed out by Plumlee et al. 
(1999), the concentration of individual elements in drainage waters, in part, reflect the elements’ abundance in the 
geological units being drained. Price & Errington (1998) also confirmed that such high concentrations of trace ions 
such as  Mn,  Cu,  Ni,  Zn  and  As in  neutral  pH drainage,  as  exhibited  in  this  study,  results  from localized acid 
generating sources. 

Elevated  metal  leaching  is  usually  associated  with  acidic  drainage  due to  high  metal  solubility  and  sulphide 
weathering rates under acidic conditions. Alkaline earth carbonates such as calcite, dolomite, ankerite and magnesite 
typically  react  to  produce  elevated  Ca,  Mg  and  HCO

3
-  concentrations.  The  elevated  trace  ions,  sulphate 

concentrations, total dissolved solids and electrical conductivity within the vicinity of mining facilities and the very 
strong correlation among these parameters are strong indication of water quality degradation related to mining (Bell et  
al., 2002).

The defining impact of these elevated major ions on the waters in the area is amplified in the Piper trilinear plot of 
major ions in groundwater and surface water in the study area (Piper, 1944) (Fig. 2). The exact chemical composition 
of these waters modeled from Aqua Chem  3.70 is presented in Table 3. The waters in the area are dominated by 
Ca2+- Mg2+-Na+- HCO

3
- and Ca2+- Mg2+-Na+- HCO

3
- -SO

4
2 dominant waters, with variations in the preponderance of the 

Mg, Ca and Na ions. The overall chemical composition of the water reflects the geology and mineral assemblages in 
the area. Such a menu of mixed ions in stream water as presented in Table 3 is certainly an indication of mixing of 
water, and, according to Hem (1985), that would likely be produced by the dissolution of silicates, sulphides and 
carbonates. 

TABLE 3
Chemical composition of waters from the study area 

Water source Community Water type

Borehole #1 Adaasi Mg-Ca-S04

Borehole #2 Adaasi Na-Mg-Ca-HCO3

Borehole#1 Akatakyieso Na-Mg-Ca-HCO3

Borehole #2 Akatakyieso Na-Mg-Ca-HCO3

Borehole Dokyiwa Mg-HCO3

Borehole #1 New Bidiem Ca-Na-Mg-HCO3

Borehole #2 New Bidiem Mg-Na-Ca-HCO3

Borehole #1 Ntonsua Na-Mg-Ca-HCO3

Borehole #2 Ntonsua Na-HCO3

Borehole Amamon Na-Ca-Mg
Hand dug well Hia #1 Na-Ca-HCO3

Hand dug well Hia #2 Ca-Na-Mg-HCO3-C
Hand dug well Fenaaso Na-K-Ca-HCO3-SO4

River Fena Fenaaso Na-K-Ca-HCO3

River Fena Hia #2 Na-Ca-Cl-HCO3

River Jimi Jimiso Ca-Mg-Na-HCO3-C
R. Kwabrafo Kwabrafoso Ca-Mg-SO4-HCO3

R. Kwaab Kwabrafoso Ca-Mg-Cl-HCO3

R. Supu Ntonsua Na-Ca-Mg-HCO3 -SO4

R. Fena Adaasi Na-Ca-Mg-HCO3

R. Kwami Dokyiwa Na-Ca- SO4-HCO3

River San Sansu Ca-Mg-HCO3-SO4
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Fig. 2. Piper trilinear plot of waters in the study area

The Mg and Ca ions are likely derived from carbonates,  mainly siderite  and ferroan dolomite,  which form a 
significant component of the mineralogy of the rocks in the area (Hirdes & Leube, 1989). However, the Mg and Ca, 
together with Na ions, could also have come from the dissolution of the silicates. HCO

3
- ions, could come from 

reduction of sulphate (from oxidation of sulphides) and root zone material  by microbial activities.  The area has 
substantial sulphides, especially pyrite and arsenopyrite, the oxidation of which could contribute SO

4
2- ions to the 

waters. The chloride could be from anthropogenic sources and the intrusive rocks typified by granitoids in the area. 
The carbon is most likely from the graphic schist metsedimentary sequences. In fact, Gyapong (1980) states that 
graphic schist at the Ashanti mines contain, on average, 4% elemental carbon.

Evidence of water degradation due to mining is from the fact that while there is augmented concentrations of major 
and trace ions in water samples from Kwabrafoso, Tutuka, Dokyiwa and Sansu, all proximal to mine facilities, there is 
attenuation  of  the  concentration  of  the  parameters  in  streams  further  away  from,  and  upstream  of  mining  and 
processing facilities. The concentration of major and trace ions in samples from Amaamo, Fenaase and Adaase, all 
upstream of mining and processing facilities, are highly subdued and rarely exceed the WHO guide values of the 
measured ions in waters from these communities. Similarly, a sample from the Jimi river, which also takes drainge 
from the other streams distal to mining activities, are relatively low due largely to dilution and sequestering of these 
elements in sediments. 

Sources of metals in waters
The spatial correlation between augmented metal concentrations, and mining and processing facilities, and mine 

spoil sites suggest that mine waste sites constituent sources of these metals in drainage water.  Microprobe analysis of 
rock samples taken from rock waste dumps and exposed outcrops in the area show that the waste rocks contain a 
variety of base metal and metalloid-bearing sulphides, together with carbonates (calcite, dolomite, ankerite, siderite), 
silicates and oxides. The analysis showed that sulphides content in waste rock samples ranged between 0.01% and 
3.86% while carbonates ranged from 0.01% to 15%. This study put emphasis on the analysis of sulphides because 
they constitute the principal custodians of the toxic metals analysed in water samples. The probe results show that 
sulphides exhibit strong compositional variation defined by their relative trace element content. Fe, As, Cu, Ni, Zn, Sb 
and Co-bearing varieties constitute the dominant sulphides. Table 4 shows the compositional variations of pyrite, 
arsenopyrite, chalcopyrite, sphalerite, ullmannite and gersdorffite in probed mineral grains in rock samples taken from 
mine spoil. 
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From the menu of trace metals and major ions observed in water and the compositional complexity of the observed 

sulphides in the rocks, it can be deduced that the weathering of these sulphide-bearing rocks, greatly facilitated by 
mining, accounts for the elevated ions in the water in the vicinity of the mining and processing facilities. According to 
Larocque & Rasmussen (1998), mine spoil,  especially tailings environments are the sites of metal flux from the 
geosphere to the hydrosphere through dissolution of minerals.  The exposure of rock strata to the atmosphere (air and 
water) promotes oxidation of the sulphides, leading to the discharge of the contained metals into local drainage. 
According to Plumlee et al. (1999), schematically, the following reactions can take place to generate these ions under 
typical surface weathering conditions:
(Fe,Me)S

2
 + 5/2O

2
 + 2H+  = Fe2+

aq
 + Me2+

aq
 + 2SO

4
2- + H+ (1)

2Fe2+
aq

 + 1/2O
2
 + 2H+ = 2Fe3+

aq
 + H

2
O     (2)

TABLE 4
Results of microprobe analyses (in atomic %) of various sulphides in rock samples

Mineral S Mn Ni As Fe Sb Zn Co Cu       Total n1

Sphalerite
Min (Cu) 46.06 0.10 - 0.04 9.68 – 43.89 – – 98.77
Max (Cu) 50.20 0.01 0.02 0.03 2.75 – 46.97 – 0.03 100.01 12
Average 51.83 0.02 0.01 0.02 2.83 – 44.11 – 1.05 99.87

Chalcopyrite
Min (Cu) 44.13 0.01 – 0.03 5.03 13.98 2.68 – 33.68 99.44
Max (Cu) 44.27 0.03 – 0.02 5.20 13.94 2.68 – 33.93 100.07 11
Average 44.41 0.01 0.01 0.13 4.82 13.99 2.72 – 33.83 99.92

Ullmannite
Min (Ni) 32.32 0.02 32.53 6.22 1.21 27.32 0.02 0.10 0.50 99.62
Max (Ni) 31.67 0.07 32.79 3.08 1.69 30.41 0.05 – 0.23 99.97 7
Average 32.55 0.05 32.54 0.46 1.31 32.95 0.04 0.01 0.18 100.09

Cobaltite
Min (Co) 34.91 0.02 7.04 32.48 9.51 – – 13.18 2.85 99.99
Max (Co) 36.11 0.09 4.93 28.83 7.90 0.03 – 21.62 0.47 99.98 9
Average 43.37 0.08 6.34 23.30 10.43 0.26 – 15.90 0.33 100.01

Gersdorffite
Min (As) 34.37 0.01 29.68 29.48 1.89 4.40 – 0.01 0.15 99.99
Max (As) 34.34 0.05 19.78 32.90 4.64 0.28 – 7.84 0.20 99.97 10
Average 33.42 0.06 29.78 31.35 1.52 1.67 0.04 1.78 0.37 99.99

Pyrite
Min (Fe) 66.69 – 0.04 – 33.24 – 0.01 – 0.02 100.00
Max (Fe) 66.30 – 0.02 0.03 33.67 – 0.02 – 0.02 100.06 14
Average 66.50 0.01 0.03 0.02 33.45 – 0.1 – 0.01 100.11

Arsenopyrite
Min (As) 35.39 0.01 0.04 31.64 32.52 – – 0.39 – 99.99
Max (As) 24.18 0.01 0.07 38.31 34.41 – – 2.81 – 99.79 12
Average 34.95 0.01 0.05 31.74 32.80 – – 0.41 – 99.99

n – Number of electron microprobe analysis

(Fe,Me)S
2  

 could be pyrite, chalcopyrite, bornite or arsenopyrite. The oxidation of Fe2+ to Fe3+ would enable the 
aggressive oxidation of other metal sulphides with metal to sulphide ratio less than 1, which would normally not  be 
affected by the oxidation reaction in  equation 1 (Evangelou, 1995). This would have been the most likely dissolution 
mechanisms  for  sphalerite,  ullmannite  and  gersdorffite  minerals  identified in  this  study.  The  carbonate  minerals 
present  will  usually  react  with the acid solution generated from equations 1 and 2 according to the generalized 
neutralization reaction:
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MeCO
3
+ H+ = Me2+

aq
 + HCO

3
- 

aq
 (3)

MeCO
3
 could be calcite, dolomite, ankerite, siderite or magnesite.

Both acid producing and consuming reactions as schematized above would typically generate constituents such as 
the metals,  sulphate and bicarbonates into solution, and transform others into stable constituents in sediments, as 
observed in the waters from the study site. Thus, these oxidation and neutralization processes, together with other 
possible weathering reactions involving silicates and oxides within the mine spoil would generate the menu of trace 
and major ions in the drainage waters while similar reactions from wall rock/water interactions and seepage will 
account for high level of metals encountered in some of the boreholes.

Conclusion
The results  show that  past  and  present  large  scale  and  illegal  small-scale  mining  activities  have  affected  water 
resources in Obuasi and its satellite communities. Stream water is significantly polluted by As, Hg, Fe, and, to some 
extent, Cu, Ni and Zn. Groundwater is quite benign and rarely exceeded the WHO guide values for portable water 
with respect  to  major  and trace  element  concentration.  Microprobe mapping of  sulphide grains  in  rock samples 
showed a variety of Cu, As, Ni and Zn bearing sulphides as possible sources of augmented concentrations of these 
pollutants in water. The strong correlation among Cu, As, Ni and Zn in both water and the significant occurrence of 
the respective sulphides in the country rock and waste rocks confirm that the weathering of these materials provided 
these pollutants in the water and sediments. 
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Abstract
The study aims at establishing an empirical correlation between biochemical oxygen demand (BOD5) and chemical oxygen demand (COD) of 
effluents from selected industries in the Kumasi Metropolis to facilitate speedy effluent quality assessment or optimal process control. Hourly 
effluent samples were collected for an 8-h period three times per week for analysis of the principal parameters BOD5 and COD, using the 
Standard Methods for the Examination of Water and Wastewater. Measured BOD5 and COD of the effluents were above the required discharged 
guideline of 50 mg/l and 250 mg/l, respectively, specified by the Environmental Protection Agency, Ghana. These levels of BOD5 and COD of 
the wastewaters could pose potential pollution to the waterbodies in which they are discharged since untreated. Results also indicate that the 
degree of common variation between the two variables COD and BOD5 is highly positive for the effluents from Ghana Brewery Limited (GBL), 
Guinness Ghana Limited GGL) and Coca-Cola Bottling Company of Ghana (Coca-Cola), thus, the variables are correlated. However, the degree 
of common variation between the variables was low for the effluent from the Kumasi Abattoir. The fitted equations were GBL, y = 0.6558x – 
270, r = 0.93; Coca-Cola, y = 0.3536x + 113.6, r = 0.81; GGL, y = 0.225x + 1343.7, r = 0.83; Kumasi Abattoir, y = 0.1331x + 54806, r = 0.22) 
with x and y representing COD and BOD5, respectively. The BOD5/COD ratio for the wastewater from the selected industries can also be 
approximated to the gradient of their respective fitted equations, i.e. GBL, 0.66; Coca-Cola, 0.35; GGL, 0.23. The fitted equations for GBL, 
Coca-Cola and GGL can be used to facilitate rapid effluent assessment or optimal process control by these industries once the chemical oxygen 
demand is measured.

Introduction
Kumasi, the capital city of Ashanti Region of Ghana, is located in the south-central part of the country, about 250 km 
(by road) northwest of Accra and with an approximate size of 254 km2. Lake Bosumtwi, the largest natural lake in 
Ghana, is located approxi-mately 32 km south of Kumasi. With a population of 1,517,000 (2005, source: United 
Nations Population Division), Kumasi is the second-largest city in the country (http://en.wikipedia.org/wiki/kumasi). 
Fig. 1 shows the position of Ashanti Region and Kumasi the capital on the map of Ghana.
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Fig. 1. Map of Ghana

The metropolis has many industries, ranging from small to large-scale enterprises. These industries are scattered in 
almost all the suburbs of the metropolis, with the majority concentrated at Ahensan, Kaase, Asokwa and Chirapatre 
areas. They are engaged in the manufacture of a variety of products including alcoholic beverages, soft drinks, nails, 
foam mattresses, lumber and plywood. There is also a slaughterhouse for animals (Sarfo-Afriyie, 1999).
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Despite the economic gains derived from these industries routine visits made by the Environmental Protection 

Agency indicates that most of the industries use the natural resources (air, water and land) as sink for their wastes. 
Some of the food processing industries, including breweries, discharge untreated wastewater into the public drainage 
system or  nearby  streams.  This  disposal  practice  could  constitute  potential  or  severe  pollution  problems to  the 
waterbodies since the effluents contain organic compounds that require oxygen for degradation (Sarfo-Afriyie, 1999).

If water of high organic matter content or biochemical oxygen demand (BOD) value flows into a river, the bacteria 
in the river will oxidize the organic matter consuming oxygen from the water faster than it dissolves back in from the 
air.  If  this happens, fish will  die from lack of oxygen, a consequence known as fish kill. A stream must have a 
minimum of about 2 mg/l of dissolved oxygen to maintain higher life forms. In addition to this life-sustaining aspect, 
oxygen is important because the end products of chemical and biochemical reactions in anaerobic systems often 
produce aesthetically displeasing colours, tastes and odours in water (Hach et al.,1997) .

Water is a most precious resource. The cleanliness of lakes, rivers and oceans is one of the pressing goals for 
environmental protection. The balance of nature depends, therefore, on the comprehensiveness of the approach to 
solve the problem of wastewater disposal.

The most widely used parameter of organic pollution measurement applied to both wastewater and surface water is 
the 5-day biochemical oxygen demand (BOD

5
) (Metcalf & Eddy, 1995). The biochemical oxygen demand (BOD) is 

the amount of oxygen, expressed in mg/l or part per million (p.p.m.) that bacteria take from water when they oxidized 
organic matter. The test is performed at a defined temperature (normally 20 °C) and for a standard period, which is 
usually 5 days (hence BOD

5
) but can be longer for specific purposes (http://www.cefic.com). During the 5-day period 

of the BOD test, the bacteria oxidized mainly the soluble organic matter present in the water. Very little oxidation of 
solid (insoluble) matter occurs in that short time (Hach et al., 1997). 

Two methods are widely used for BOD measurement. One method, the dilution method, is a standard method of 
the American Public Health Association (APHA) and is approved by the U.S. Environmental Protection Agency 
(USEPA). The other method, the manometric method, has been used for over 75 years in many sewage plants and 
other installations throughout the world. The USEPA denied approval of this method when it selected methods for 
wastewater analysis, although in certain cases the USEPA has approved the manometric method (Hach et al., 1997). 

The monitoring agencies, such as Environmental Protection Agency of Ghana (EPA), require that industries submit 
their BOD

5
 results periodically. However, due to the long incubation periods and low reproducibility, most industries 

find it very difficult to measure and report the BOD
5  

 results of their effluents. If they measured it at all, the results 
provide historical data only and do not facilitate rapid water quality assessment or optimal process control. However, 
chemical oxygen demand (COD) measurement is simple and can reliably be carried out in the laboratory. The COD is 
a measure of the oxygen equivalent of the organic matter content of a sample that is susceptible to oxidation by a 
strong oxidant. The dichromate reflux method has been preferred over procedures using other oxidants because of 
superior oxidizing ability with a wide variety of samples, and ease of manipulation (Boyles, 1997).

Comparison of BOD with COD assesses whether the compound is readily biodegrad-able. For BOD
5
, an indication 

is that a COD:BOD ratio of greater than 100 means that the compound is relatively non-biodegradable and a ratio of 
less than 10 means it is relatively degradable. However, low BOD

5
 may merely mean that the test microbes need 

longer than the test period to begin breaking the compound down and, therefore, ultimate BOD or other biodegra-
dation testing is generally much more reliable (http://www.cefic.com).

Analysis of the effluents COD and BOD
5
 need to be carried out and the values obtained used to establish an 

empirical relation for easy conversion of COD to BOD
5
. The results obtained would provide the tool for effective 

monitoring and evaluation of the effluent by the selected industries and the monitoring agencies. In addition, this 
study will facilitate rapid effluent assessment or process control by these industries once the chemical oxygen demand 
is measured or vice versa.

Materials and methods
Location and duration of work
The study was carried out at  the Ghana Brewery Limited, the Coca-Cola Bottling Company of Ghana, Guinness 
Ghana Limited and the Kumasi Abattoir Company Limited because of the large volume of effluents they generate and 
discharge into the Sisa river. These companies are located in Ahensan and Kaase areas of the metropolis. Fig. 2 shows 
a map of the site (Kumasi Metropolis).
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Fig. 2. Map of Kumasi (Town and Country Planning Department, Kumasi)

A period of 2 weeks was allocated to each of these industries. Sampling of wastewater was done on April 17–26, 
2002 for GBL, May 2–15, 2002 for Coca-Cola, May 17–29, 2002 for GGL and May 31–June 27 ,  2002 for the 
Kumasi Abattoir. The entire period of the study was four months, spanning from April to July 2002.

Sample collection
Effluent samples were collected in well-labelled plastic bottles on hourly basis. The collection times were usually 

from 0800-1500 GMT. When not analyzed immediately, all samples were preserved by keeping in the refrigerator at 
4 oC but analyses were carried out within 24 h, with the exception of samples from the abattoir, which were worked 
on promptly. For Guinness Ghana Limited, hourly grab samples of soil were collected at the discharge point. In the 
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case of the Kumasi Abattoir, grab samples of soil were taken from an open manhole on an hourly basis. Hourly 
effluent samples were collected for an 8-h period three times per week and brought to the Environmental Laboratory 
of the Kwame Nkrumah University of Science and Technology (KNUST) for analysis of the principal parameters, 
COD and BOD

5
,  using  Standard Methods for the Examination of Water and Wastewater (1992). The  pH of the 

samples was also determined using a field pH measuring kit WTW pH 323-B/Set-2.

Five-day biochemical oxygen demand (dilution method) 
The dissolved oxygen content of liquid was determined by the Azide modification of the Winkler’s method before 

and after incubation for 5 days at 20 0C. The difference gave the BOD
5
 of the sample after allowance had been made 

for the dilution, if any, of the sample. For optimum biochemical oxidation, the pHs of the samples for analysis were 
6.5–8 (APHA, 1992).

Chemical oxygen demand (COD) using the open reflux method
The sample, to be measured, was oxidized under reflux with a known amount of potassium dichromate in strong 

sulphuric acid with silver sulphate as a catalyst. Organic matter reduced part of the dichromate and the remainder was 
determined by titration with iron (II) ammonium sulphate or iron (II) sulphate using ferroin as indicator. Interferences 
from chloride were suppressed by the addition of mercuric sulphate to the reaction mixture. The chemical oxygen 
demand (COD) was  expressed  as  milligrams  of  oxygen absorbed  from standard  dichromate  per  litre  of  sample 
(APHA, 1992).

Results
The daily BOD

5
 variation of the effluent from GBL ranged from 323 mg/l to 33,426 mg/l. Most of the higher values 

for BOD
5
 were obtained during the cleaning of the process vessels. The corresponding COD ranged from 430 mg/l to 

44,800 mg/l. The same applied to effluent from GGL where higher BOD
5
 values were registered when spent yeast 

was discharged together with the other processing wastewaters. The BOD
5
 ranges from 1,000 mg/l to 40,000 mg/l and 

the corresponding COD from 1,356 mg/l to 112,000 mg/l. Values ranging from 10,000 mg/l to 230,000 mg/l for 
BOD

5
 and 8000 mg/l to 472,000 mg/l for COD were obtained for wastewater from the Kumasi Abattoir. The effluent 

from the Coca-Cola Bottling Company, however, recorded the lowest daily BOD
5
 and COD values ranging from 75 

mg/l to 1,744 mg/l and 142 mg/l to 3,560 mg/l, respectively. The average daily hourly BOD
5
, COD and COD/BOD

5 

ratio values for the selected industries are shown in Tables 1–4.

TABLE 1
Average daily hourly BOD5 and COD values for GBL

Parameter Unit
      1     2        3      4        5       6

BOD5 mg/l 2,918 3719 5,259 4,281 2,624 4,941

COD mg/l 3,988 5519 7,478 7,338 6,405 6,667

COD/BOD5 1.37 1.48 1.42 1.71 2.44 1.35

TABLE 2
Average daily hourly BOD5 and COD values for Coca-Cola

Parameter Unit
1 2 3 4 5 6

BOD5 mg/l 336 678 317 202 603 345

COD mg/l 627 1,457 535 421 1,172 878
COD/BOD5 1.87 2.18 1.69 2.02 1.94 2.54
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TABLE 3
Average daily hourly BOD5 and COD values for GGL

Parameter Unit
1 2 3 4 5 6

BOD5 mg/l 2,844 3,946 4,938 4,425 3,775 9,213

COD mg/l 10,061 19,131 11,973 12,122 8,263 32,132
COD/BOD5 3.54 4.85 2.42 2.74 2.19 3.49

TABLE 4
Average daily hourly BOD5 and COD values for Kumasi Abattoir

Parameter Unit
1 2 3 4 5 6 7 8

BOD5 mg/l 87,756 71,875 37,800 48,921 128,813 52,875 70,750 33,875

COD mg/l 30,375 56,625 136,540 34,613 247,225 79,073 39,250 46,375
COD/BOD5 0.35 0.79 3.61 0.71 1.92 1.50 0.55 1.37

The linear regression results  obtained during the  effluent  analysis  from the selected industries  in  the  Kumasi 
Metropolis are shown in Fig. 3–6. A linear response was obtained between the data sets. The fitted equations on the 
entire  data  (COD  and  BOD

5
)  set  on  a  particular  industry  are  generated  with  their  corresponding  correlation 

coefficients (r). 

y = 0.6558x - 270
r2 = 0.856
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Fig. 3. Linear regression of BOD5 and COD of wastewater from GBL
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y = 0.3536x + 113.6
r2 = 0.6631
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Fig. 4.  Linear regression of BOD5 and COD of wastewater from the Coca-Cola

y = 0.225x + 1343.7
r2 = 0.6856
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Fig. 5. Linear regression of BOD5 and COD of wastewater from GGL
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y = 0.1331x + 54806
r2 = 0.0495
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Fig. 6. Linear regression of BOD5 and COD of wastewater from Kumasi Abattoir Company Limited

The correlation coefficients of the fitted equations were generally positive for the results from the Ghana Brewery 
Limited samples analysis, being between 0.14 and 1.00. For Guinness Ghana Limited, the correlation coefficients 
were between 0.21 and 0.95. However, the correlation coefficient of the entire data on GGL gave r = 0.83.

In the case of Coca-Cola, the correlation coefficients of the fitted equations were positive being between 0.40 and 
1.00. The fitted equations correlation coefficients for the results from the daily analysis of the abattoir effluent were 
generally near zero being between 0.22 and 0.85. The exceptional correlation coefficient of 0.85 was obtained for a 
particular day analysis.

The following can be deduced:
1. The COD and the BOD

5
 results obtained for GBL, Coca-Cola and the GGL showed that the degree of common 

variation between the  two variables was highly positive;  thus,  the  COD and the BOD
5
 are  said to  be  highly 

correlated.
2. The fitted equations were y = 0.6558x - 270 (GBL), y = 0.3536x + 113.6 (Coca-Cola) and y = 0.225x + 1343.7 

(GGL).
3. The correlation coefficients of the equations for the GBL, Coca-Cola and GGL were highly positive being 0.93, 

0.81 and 0.83, respectively.           
The BOD

5
/COD ratio for GBL, Coca-Cola and GGL can be approximated to  the gradient of their respective fitted 

equations, i.e. 0.66, 0.35 and 0.23.
However, the result obtained for the Kumasi Abattoir Company Limited showed the degree of common variation 

between the COD and the BOD
5
 to be very low. The fitted equation was y = 0.1331x + 54806 and the correlation 

coefficient being 0.22. For correlation coefficient r near zero, it means that there is no linear correlation between the 
variables. In other words, the correlation coefficient measures the goodness of fit of the equation actually assumed to 
the data (Ayyub & McCuen, 1997). Thus, there is almost no linear correlation between the COD and the BOD

5
 for 

this effluent and, thus, a linear equation cannot be assumed.

Discussion
The BOD

5
 and the COD values obtained on analysis of the effluents of the selected industries have been found to 

be higher than expected from  Environmental Protection Agency, Ghana Standards guideline for discharge (BOD
5
, 50 

mg/l and the COD, 250 mg/l). These levels of BOD
5
 and COD could constitute potential pollution problems to the 

waterbodies since they contain organic compounds that will require a large quantity of oxygen for degradation. The 
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COD of some of the samples were lower than the BOD

5
 for the abattoir wastewater and this could be attributed to the 

presence of ammonia which is noted to significantly increase measured BOD as a result of microbial oxidation of the 
ammonia (ultimately to NO

3
) (http://www.cefic.com). 

The COD:BOD
5  

ratios for all the selected industries have been found to be less than 10. This implies that the 
compounds in the effluents of these industries were relatively degradable, thus, a possible depletion of the dissolved 
oxygen in the receiving river and a potential effect on aquatic life. The COD correlates positively with the BOD

5
 of 

the wastewaters from GBL, GGL and Coca-Cola. The correlation equations can be used to estimate the BOD
5
 for 

reporting and for process control.
The negative correlation of the chemical oxygen demand (COD) to the 5-day biochemical oxygen demand (BOD

5
) 

at the instances that these occur could be attributed to the composition or characteristics of the waste (effluent) not 
being constant (http://www.hach.com), and this is supported by the wide variation in correlation value from the linear 
regression of the Kumasi Abattoir wastewater (Fig. 6).

Conclusion
The degree of common variation between the COD and the BOD

5
 of the wastewaters from the GBL, Coca-Cola and 

GGL was highly positive, thus, the two parameters are correlated with good correlation coefficients of 0.93, 0.81 and 
0.83,  respectively.  The  correlation  coefficient  of  the  fitted  equation  for  prediction  for  Ghana  Brewery  Limited, 
Guinness Ghana Limited and The Coca-Cola Bottling Company of Ghana may, therefore, be used to facilitate rapid 
effluent quality assessment or optimal process control by these industries once the chemical oxygen demand (COD) is 
measured or vice versa.
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Abstract
Some mineral elements in the seeds of the cowpea were determined using instrumental neutron activation analysis. The cowpea cultivars were 
made up of improved varieties (Soronko, Gbeho, Ayiyi, Asontem, Asontem1, Bengpla, Asetenapa and Adom), farmers’ accessions (87/7, 87/1, 
87/27,  87/147,  87/34,  87/49,  87/83,  87/157,  87/149,  87/30,  87/153,  96/046,  87/137,  96/129,  BTB 96/091, OAA 96/30,  BTB 96/054), and 
experimental materials (IT870-677-2, Caroni, Kaase Market, 1977 and 1239).  A total of 14 elements (Al, Ca, Mg, V, Mn, Br, Cl, K, Na, Zn,  
Cu, Ta, Si and In) were detected in the seeds of the 30 cowpea cultivars. Five of the elements  (Na, K, Mg, Ca and Cl) identified are classified as  
major elements in the human body, while four (Mn, Zn, V, Si, Cu and I) are trace elements. The major elements K, Na, Ca, Mg and Cl were 
detected in high concentration in cultivars 96/129, 87/137, Ayiyi, 87/34 and 87/49, respectively. The trace elements Mn, Zn, V, Si, Cu and Al  
were detected in high concentration in cultivars 87/34, 87/27, 87/34, Bengpla, 87/34 and 87/34, respectively. From the results the following 
accessions could be selected and incorporated into a cowpea mineral nutritional improvement programme: 96/129, 87/137, Ayiyi, 87/34, 87/49 
and 87/27. The presence of the five major elements and the trace elements indicates that cowpea has a rich source of mineral elements and,  
therefore, can be used to improve the diet of both humans and livestock. 

Introduction
Cowpea is an important tropical legume crop of African origin and has become an integral part of the traditional 
cropping system, particularly in the semi-arid West African savanna (Steele, 1975). Africa alone accounts for 7.5 
million hectares of the estimated world total area, which is about 10 million ha. Of the 7.5 million ha, about 70% lies 
in West and Central Africa (Singh et al., 1996). The crop is considered the second most important food grain legume 
and constitutes a cheap source of plant protein for humans. The plant also provides feed, forage, hay and silage for 
livestock. It serves as green manure and cover crop for maintaining soil productivity. As food, the fresh seeds and 
immature pods of cowpea are eaten as spinach. A symbiosis occurs between cowpea and several Rhizobium spp. in 
which nodules are formed that fix atmospheric nitrogen. The crop also compensates for the loss of nitrogen removed 
by cereals when intercropped with them. 

Chemical composition of the cowpea seeds corresponds with that of most edible legumes. Mature seeds contain per 
100 g edible portion: carbohydrate 56-66 g, protein 22–24 g, water 11 g, crude fibre 5.9–7.3 g, ash 3.4–3.9 g, fat 1.3–
1.5 g, phosphorus 0.146 g, calcium 0.104–0.076 g, and iron 0.005 g. The seeds also contain small amounts of  β-
carotene equivalents, thiamin, riboflavin, vitamin A, niacin, folic acid and ascorbic acid. Cowpea raw leaves contain 
per 100 g edible portion: water 85.0%, energy 44 cal, protein 44 g, fat 0.3 g, calcium 256 mg, phosphorus 63 mg, iron 
5.7 mg, β-carotene 2.4 mg, thiamin 0.20 mg, riboflavin 0.37 mg, niacin 2.1 mg and ascorbic acid 56 mg (Pandey & 
Westphal, 1989). Twenty-one inorganic elements, made up of six major minerals (Na, K, Mg, Ca, P, and Cl), and 15 
trace elements (As, Co, Cu, F, Fe, I, Mn, Mo, Ni, Se, Si, Sn, V and Zn), are now considered as being essential to 
human life (Linder, 1991).

From the literature, elemental composition of various cowpea accessions in Ghana is not known, though the crop 
serves as a good and cheap source of plant protein for school children, pregnant women, convalescents and all adults. 
Instrumental neutron activation analysis (INAA) has been used in elemental composition analysis of various environ-
mental, biological and food samples (Sarfor-Armah et al., 2000). The technique has been used in the determination of 
nutrient elements in commercial tea from Nigeria (Jonah & Williams, 2000) and cassava cultivars from Ghana (Danso 
et al., 2001), and its application for similar analysis in the cowpea is highly recommended. 

With the exception of calcium, iron and potassium, which have already been detected, the information contained in 
this paper will provide additional information on the nutritive value of the cowpea cultivars. Of special mention are 
the minor elements. The information will also enhance the cowpea breeding programme in Ghana and other parts of 
the West African sub-region. This paper, therefore, reports on the determination of the mineral composition of 30 
cowpea cultivars by INAA. 
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Materials and methods

Plant materials and preparation
Seeds of 30 different cowpea cultivars were used in the study. The seeds were obtained from the Plant  Genetic 
Resource Centre (PGRC) at Bunso, the Department of Crop Science, University of Ghana (UG), Legon and the Crops 
Research Institute (CRI) at Fumesua, near Kumasi. The 30 cultivars were as follows: 87/7, 87/1, 87/27, 87/147, 87/34, 
87/49, 87/83, 87/157, 87/149, 87/30, 87/153, 96/046, 87/137, 96/129, BTB 96/091, OAA 96/30, BTB 96/054 (these 
are farmers’ collections from PGRC); Caroni, Soronko, Gbeho, Kaase Market, 1977, 1239, Ayiyi, Asontem, Bengpla 
(these were collected from UG) and Asetenapa, Asontem1 and Adom (CRI); IT870-677-2 was collected from the 
International Institute of Tropical Agriculture, Ibadan, Nigeria. 

Collections from UG and CRI were mostly released varieties with exception of Caroni, Kaase Market, 1977 and 
1239 which are experimental materials used for student project in UG. These materials were planted in the University 
of Ghana experimental farm in the coastal savanna zone of Ghana. The pods were harvested at maturity and sun-dried. 
The dried seeds were homogenized using a blender. Three 100-mg of the homogenized seeds of each cultivar were 
weighed, wrapped in polyethylene films, packed into polyethylene irradiation capsules and heat-sealed. 

Sample irradiation and elemental measurements
Samples were irradiated using the Ghana Research Reactor (GHARR-1) facility at  the Ghana Atomic Energy 

Commission (GAEC), operating between 3–15 kW and at a thermal flux of 1–5.1011 n.cm-2.s-1. The irradiation was 
categorized according to half-lives of the elements of interest. Samples were transferred into the irradiation sites of the 
GHARR-1 reactor by means of pneumatic transfer system at a pressure of 65 psi. After irradiation, samples were 
allowed to cool down until activities reached acceptable handling levels. Each sample was placed on a detector for 
counting. Elemental measurements were done using a PC-based gamma-ray system as described by Serfor-Armah et  
al. (2001).

Results and discussion
A total of 14 elements, namely aluminium (Al), calcium (Ca), magnesium (Mg), vanadium (V), manganese ( Mn), 
bromine (Br), chlorine (Cl), potassium (K),  sodium (Na), zinc (Zn), copper (Cu), tantalum (Ta), silicon (Si) and 
indium (In) were detected in the seeds of the 32 cowpea cultivars analysed. These elements, their correspond-ing 
mean concentration and the standard deviation are given in Tables 1 and 2. Of the 14 elements detected five (Na, K, 
Mg, Ca and Cl) are classified as major elements, while nine (Mn, Zn, V, Cu, Si, Ta, In, Br and Al)  are trace elements.

TABLE 1
Mean values (µg/g) of five major mineral elements of seeds of 30 cowpea cultivars

Accession Ca K Mg Na Cl

OAA96/30 892.1+91.9 14710.0+235.4 2477.0+111.5 106.4+2.7 177.7+13.2
Kaase  Market 640.5+74.3 13380.0+214.1 1798.0+104.3 107.8+2.8 167.1+13.2
Adom 1266.0+101.2 10000.0+190.0 1990.0+93.5 94.5+2.3 178.4+13.6
87/30 692.5+86.6 14840.0+237.4 2376+80.8 145.6+3.2 215.2+14.1
87/27 685.3+ 85.0 14420.0+230.7 2208.0+79.5 136.0+3.1 228.0+14.1
87/153 733.6+77.0 12280.0+208.8 2358.0+113.2 129.5+3.0 161.7+12.4
87/149 976.1+97.7 13580.0+203.7 2699.0+124.2 116+4+2.7 234.0+17.9
87/34 1486.0+120.4 12340.0+210.0 5170.0+165.4 78.6+2.4 447.5+20.8
87/49 1550.0+133.3 12550.0+213.4 4633.0+152.9 113.9+2.9 489.5+20.8
87/147 862.2+84.5 12690.0+203.0 1960.5+72.5 104.7+2.5 149.5+12.0
96/046 757.2+84.0 12390.0+210.6 197.2+77.0 96.3+2.7 202.3+14.1
87/157 628.2+84.1 13990.0+223.8 2348.0+112.7 126.8+3.0 210.4+14.3
1977 1103.0+960.0 12520.0+200.3 2359.0+160.4 122.5+2.8 161.5+10.5
Asontem (1) 952.5+93.4 12470.0+212.0 1379.0+99.3 124.2+3.0 209.3+14.0
Ayiyi 2096.0+134.1 12710.0+203.4 2224.0+115.6 99.0+2.5 238.9+15.3
IT870-677-2 776.4+91.6 14390.0+230.2 2065.0+109.4 128.7+3.0 206.1+14.2
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BTB96/054 1084.0+92.1 13060.0+209.0 1605.0+91.5 68.2+2.2 146.4+13.3
BTB96/091 792.8+83.2 12420.0+190.9 215.0+111.0 107.5+2.7 108.3+10.9
Caroni 1025.0+98.4 12110.0+205.9 690.0+65.5 90.7+2.5 187.1+13.3
87/83 nd 9372.0+178.1 2303.0+117.5 120.8+2.9 216.3+14.7
Soronko nd 12310.0+197.0 1634.0+96.4 117.9+2.8 156.6+11.9
Gbeho 1013.0+94.2 16820.0+252.3 2621.0+120.6 101.8+2.8 249.7+15.0
87/1 740.0+84.8 11700.0+199.0 2067.0+117.8 118.8+2.7 180.6+12.9
87/137 778.7+90.0 8595.0+171.9 2198.0+107.7 142.7+3.1 162.9+12.7
87/7 1064.0+100.0 13060.0+209.0 1755.0+96.5 115.4+2.8 352.0+17.8
96/129 637.6+82.3 19050.0+266.7 1943.5+78.7 125.1+2.9 322.0+16.0
4557 705.3+81.1 13460.0+228.8 1828.0+100.5 128.9+30.0 132.2+11.0
Asontem 847.4+93.3 14033.0+210.5 1943.5+78.7 131.0+3.3 180.1+13.1
Bengkpla 743.3+89.2 12540.0+200.6 1828.0+100.5 112.7+2.8 215.7+16.5
1239 829.6+87.9 12600.0+201.6 2201.5+77.1 74.3+2.2 174.3+13.3
nd: below detection limit.

TABLE 2
Mean values (µg/g) of nine trace mineral elements of seeds of 30 cowpea cultivars

Accession Al Cu Mn Zn Ta In V Si Br

OAA96/30 63.1+1.3 6.4+1.5 21.7+1.0 1030.0+211.2 nd 0.03+0.01 0.2+0.03 nd nd

KaaseMarket 49.8+1.0 9.7+1.4 23.6+1.0 1501.0+220.7 73.9+21.2 0.02+0.01 nd nd nd

Adom 48.0+1.0 3.7+1.1 16.3+0.9 nd 91.7+22.5 0.02+0.01 0.1+0.03 nd nd

87/30 45.1+1.0 6.8+1.3 15.0+0.8 1554.0+181.8 nd nd 0.1+0.03 nd nd

87/27 50.8+1.1 5.3+1.4 22.2+1.0 2082.0+262.8 nd 0.03+0.01 nd nd nd

87/153 64.7+1.2 3.3+1.1 24.5+0.8 nd nd 0.05+0.01 0.2+0.03 nd nd

87/149 46.8+1.0 11.5+1.5 23.0+1.1 nd nd 0.07+0.01 0.1+0.03 nd nd

87/34 90.3+1.5 12.3+2.1 57.5+1.6 nd nd nd 0.3+0.05 nd 2.6+0.7

87/49 92.7+1.5 7.3+1.7 53.2+1.6 nd nd 0.06+0.01 nd nd nd

87/147 46.6+0.3 7.5+1.4 18.3+0.9 2040+255.0 nd 0.08+0.01 0.2+0.08 nd nd

96/046 49.9++1.0 4.9+1.4 16.7+0.8 nd nd 0.05+0.01 nd nd nd

87/157 82.6+1.4 5.8+1.7 19.8+1.0 1771.0+258.6 nd 0.04+0.01 0.1+0.03 nd nd

1977 54.3+1.1 nd 22.4+0.9 1799.0+229.1 nd 0.05+0.01 0.1+0.03 nd nd

Asontem1 81.5+1.4 nd 10.0+1.0 nd nd 0.04+0.01 0.2+0.03 nd nd

Ayiyi 65.7+1.2 nd 19.6+1.1 nd nd 0.05+0.01 nd nd nd

IT870-677-2 51.5+1.1 nd 30.6+1.1 nd nd nd nd nd nd

BTB96/054 42.6+0.9 nd 16.8+0.9 nd nd 0.04+0.01 0.1+0.02 nd 2.7+0.7

BTB96/091 52.2+1.0 nd 16.3+0.9 nd nd 0.04+0.01 0.1+0.03 nd nd

Caroni 46.1+1.0 5.4+1.3 19.6+1.0 nd nd 0.04+0.01 0.1+0.03 nd 2.0+0.6

87/83 70.3+1.4 nd 15.2+0.9 nd nd 0.04+0.01 0.2+0.04 nd 2.3+0.6

Soronko 39.2+0.9 nd 15.2+1.3 nd nd 0.06+0.01 nd nd nd

Gbeho 53.3+1.1 nd 30.7+1.1 nd nd nd 0.1+0.04 nd nd

87/1 49.9+1.3 nd 27.1+1.1 nd nd 0.06+0.01 0.1+0.04 nd nd

87/137 46.8+1.1 nd 24.6+1.1 nd nd 0.04+0.01 nd nd nd

87/7 80.0+1.4 nd 19.8+1.0 nd nd nd 0.2+0.03 nd nd

96/129 56.0+1.2 nd 22.3+1.0 nd nd 0.04+0.01 nd nd nd

4557 52.6+1.1 nd 20.1+0.9 nd nd 0.04+0.01 0.1+0.03 nd 3.0+1.0

Asontem 41.8+1.2 nd 14.5+0.8 nd nd 0.07+0.01 nd nd nd

Benkpla 91.1+1.5 nd 24.9+1.0 2071.0+272.5 nd 0.05+0.01 nd 11750.0+0.01 4.2+1.0

1239 53.0+1.1 4.7+1.4 23.3+1.0 nd nd 0.03+0.01 0.1+0.03 nd nd

nd: below detection limit.
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Variation in the major elements
The highest concentration of K was 19050.0  µg/g and was found in accession 96/129. The lowest concentration 

was 8595.0 µg/g and was found in accession 87/137. For Na the highest concentration was 192.0 µg/g and was found 
in accession 87/137. Calcium had the highest concentration of 2096.0  µg/g in Ayiyi,  while the concentrations in 
accession 87/83 and Soronko were below detection limits. The highest concentration of Mg was 5170.0 µg/g and was 
detected in cultivar 87/34, while the lowest concentration of 155  µg/g was detected in cultivar 4557. The highest 
concentration of Cl was 489.5 µg/g and was detected in cultivar 87/49.

Variation in the trace elements 
Bromine was detected only in the following six cultivars: 87/49, BTB 96/054, Caroni, 87/83, 4557 and Bengpla. In 

the remaining 26 cultivars the concentrations were below detection limits. The highest concentration of Al was 92.7 µ
g/g and was detected in cultivar 87/49. Concentrations of V in Kaase Market, 87/27, 897/49, 96/046, Ayiyi, IT870-
677-2, Soronko, 87/137, 96/129, Asontem and Bengpla were below detection limits. The highest concentration of 0.3 
µg/g was detected in 87/34. Zn was detected in only the following eight cultivars: OAA 96/30 (1030.0 µg/g), Kaase 
Market (1501.0 µg/g), Adom (1554.0 µg/g), 87/27 (2082.0 µg/g), 87/147 (2040.0 µg/g), 96/046 (1771.0 µg/g), 1977 
(1749.0 µg/g) and Bengpla (2071.0 µg/g). 

The highest concentration was detected in cultivar 87/27. Ta was detected in only Kaase Market (73.9 µg/g) and 
Adom (91.7  µg/g). The concentration level of In was below detectable limits in five of the cultivars. The highest 
concentration level  of  0.1  µg/g was detected in  87/34.  Mn was detected in  all  the  30 cultivars and the  highest 
concentration level of 57.5 µg/g was detected in 87/34. Cu concentration in 15 cultivars was below detection limits. 
The highest concentration of 12.3 µg/g was detected in 87/34. Si was detected in cultivar 1239 at a concentration of 
11750.0 µg/g. In the other 29 cultivars, Si concentration was below detection limit. 

Correlation among elements
Correlation coefficient analysis was performed among the elements. Mg was positively correlated with Ca (r = 

0.364, P < 0.048), Cl (r = 0.711, P < 0.000), Al (r = 0.490 P < 0.006), Cu (r = 0.448, P < 0.013) and Mn (r = 0.813, P 
< 0.000). Na was negatively correlated with Ca (r = -0.402,  P = 0.028). Cl was positively correlated with Al (r = 
0.657, P <0.000) and Mn (r = 0.749, P < 0.000). Al was positively correlated with Mn (r = 0.492, P < 0.006). Cu was 
positively correlated with Mn (r = 0.424, P < 0.02). 

Several factors may account for the observed concentrations of the elements in the cowpea. These factors may 
include the concentration levels in the soil, translocation rates of the elements by the cultivars from the soil, and 
detection limits of the INAA technique. Cowpea, like other crops, depends on the soil for mineral elements needed for 
structural  and catalytic functions (Purves,  1992).  These minerals  are taken up by means of  active transport and, 
therefore, mineral levels in the plant tissue will, among other factors, be determined by the rate of active transport. In 
the present work, the 30 cowpea cultivars differed in their levels of the 14 mineral elements. This could be due to 
differences in their ability to take up mineral elements from the soil. Another possible reason is that the 30 cultivars 
may differ in their level of requirements for the 14 mineral elements. 

The detection of five major elements considered essential to life and nine trace elements in the cowpea indicates 
that  the  crop contains a  rich source  of  minerals.  These elements  form the  main electrolyte of  the  human body, 
maintain tissue homeostasis and, at the same time, form the main structural components of bones and teeth (Linder, 
1991). Danso et al. (2001) detected 10 elements in seven cassava cultivars while 14 elements were detected in cowpea 
in this present work. Therefore, cowpea is relatively richer in mineral elements than the seven cassava cultivars. 
Manganese, copper, tantalum and indium were absent in the seven cassava cultivars. 

Conclusion
The variation found among the cowpea accessions shows that breeding for high mineral elements in the cowpea can 
be achieved by selection. This can be carried out by subjecting a large number of cowpea accessions to screening. 
From  the  results  of  this  work  the  following  accessions  could  be  selected  and  incor-porated  into  a  cowpea 
improvement programme: 96/129 (K), 87/137 (Na), Ayiyi (Ca), 87/34 (Mg, Mn and Cu), 87/49 (Cl and Al) and 87/27 
(Zn). Generally cultivars of the farmer served as the best source of the minerals detected. The use of the INAA 
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technique in this work has made the analysis of such elements as Zn, Al, Cu, Si, whose levels may be difficult to 
detect by the use of the Atomic Absorption Spectrophotometer analysis, possible.  
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Abstract
Between 2000–2005, a monitoring system for the collection of harmattan dust over Ghana was established. Three methods were used to sample 
the  harmattan dust:  i)  bowls  with  water,  ii)  plastic  mats  and iii)  plates  made of  plywood.  This  paper  describes  the  establishment  of  the 
monitoring system, and the regional distribution of harmattan dust trapped in various agro-ecological zones by the bowls with water and the 
mats. The bowl values represent the total amount of dust falling over a unit area, and the mat values represents the amount of dust retained by 
vegetation. The amount of harmattan dust captured is largest in the north where the mats retained about 20 g/cm3 compared to 5 g/cm3 in the 
south. The amount of dust retained differs significantly from year to year, and the particle-size of the dust becomes finer towards the south and  
with an increasing amount of organic matter. In the north, the median diameter was slightly above 15 µm and the organic carbon content was 
about 5% while in the south the median diameter was slightly above 5 µm and the organic carbon content was between 10 and 15%.

Introduction
In West Africa, along the Gulf of Guinea, a dry wind, the harmattan, blows from the Sahara Desert in parts of the 
year. In Ghana the dust-laden harmattan wind is experienced in November–March, when it replaces the south westerly 
monsoon winds. During that period, storm activities in the Bilma and Faya Largeau area in the Chad basin raise large 
amounts of dust into the atmosphere which then is carried southwest by the predominant winds (Kalu, 1979; Mc 
Tainsh, 1980; Mc Tainsh & Walker, 1982; Cox et al., 1982; d’Almieda, 1986; Afeti & Resch, 2000).

In publications on harmattan dust, dust samples were collected in many ways, but mostly in different types of 
containers or funnels, some others filled with water or other liquids like paraffin (Mc Tainsh & Walker, 1982; Tiessen 
et al., 1991; Mc Tainsh et al., 1997; Adetunji et al., 2001) or on different types of plates (Møberg et al., 1991; Tiessen 
et al., 1991). The question is, which sampling technique gives the most accurate measure of the amount of dust that 
settles on the landscape? Stoorvogel et al. (1997) showed that in the tropical rain forest in the Taï National Park in 
Ivory Coast,  the harmattan dust deposition was twice as high using a canopy drip method compared to the dust 
captured in wet basins. This shows that the dust samplers should express the land surface cover as much as possible. 
Thus, in order to measure the amount of dust that settles on the landscape, it is important to use samplers which, as 
much as possible, mirror the vegetation cover.

Some investigations have been carried out in Ghana on the harmattan dust. Tiessen et al. (1991) investigated some 
soils in northern Ghana and compared their chemistry with the chemistry of the harmattan dust captured on plastic 
sheetings or in funnels. Resch (2000) measured, over a 3-year period at Kumasi in southern Ghana, the particle size, 
number and mass concentration in the air by means of a Pacific-Scientific Hiac/Royco 5250A. But none of these 
investigations measured the regional variation of dust deposition over several years. The objective of the paper is to 
demonstrate the spatial and annual variation of the harmattan dust deposition over Ghana.

Materials and methods
Study area
Ghana is located in West Africa on the Gulf of Guinea and lies between 6o and 11o N and 1o E and 3o W. The monthly 
mean temperature is between 25 oC and 30 oC. In the south, two pronounced rainy seasons exist, one in April-June and 
the  other  in  September-November.  The  minor  dry  season  is  in  July-August,  while  the  major  dry  season  is  in 
December-February. In the north of Ghana, there is only one rainy season from July to October, followed by a long 
dry season.  

In the coastal area in the southeast the annual precipitation is lower than 1000 mm and a narrow coastal savanna 
zone with grasses and few trees are found. In the southwestern corner of Ghana, the vegetation is tropical rain forest 
(Fig. 1). This is surrounded by a moist semi-deciduous tropical forest with a pronounced litter fall in the dry season. 
Towards the north the moist semi-deciduous tropical forest turns into a Guinea savanna with grasses, scrubs and a few 
trees. In the dry north, the Guinea savanna zone turns into the Sudan savanna zone. 
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Fig. 1. Map of Ghana showing the ecological zones, the location of the climatic stations mentioned in Table 1 and the location of sampling sites 
for collecting harmattan dust

In December–February the north-eastern harmattan wind dominates in the northern part of Ghana, while the south-
westerly monsoon wind dominates southern Ghana. The location of the border between the two wind systems – The 
Intercontinental Convergence Zone (ITCZ) – is not lying stable during the harmattan period, it moves and, sometimes, 
the north-easterly harmattan wind reaches the Gulf of Guinea. Table 1 shows the dominant wind direction on monthly 
basis for three harmattan seasons 2001–2002, 2002–2003 and 2003–2004. At the northern stations, Tamale and Wa, 
the north-easterly harmattan winds were dominant over the 3-year period. 

TABLE 1
The dominant wind direction on monthly basis for seven climatic stations in Ghana. Their location is shown in Fig. 1

         2001-2002          2002-2003          2003-2004
Dec. Jan. Feb. Dec. Jan. Feb. Dec. Jan. Feb.

East Ghana
Tamale (n) NE NE NE NE NE NE NE NE NE
Kete Krachi  (m) S N SW NE N S N N S
Akuse (s) SW SW SW SW SW SW NW NW SW
Accra (s) SW W W W W W W W W
West Ghana
Wa (n) NE NE NE NE NE NE NE NE NE
Sunyani (m) SW SW SW SW SW SW SW SW SW
Axim (s) SW SW SW SW SW SW SW SW SW
(n) north Ghana,  (m) mid Ghana,  (s) south Ghana
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In mid-Ghana the harmattan reached the eastern part each year although it did not dominate in all the 3 months. In 
mid-west, the south-west monsoon dominates each year in all the 3 months. In the south-east of Ghana the south-west 
monsoon dominates  through out  the  year  at  the  coast  (Accra),  but  at  Akuse,  about  50  km north  of  Accra,  the 
harmattan  dominated  in  December  and  January  2004.  At  the  south-western  Ghana,  the  south-west  monsoon 
dominated throughout the three harmattan periods. Although the south-west monsoon dominates in the south, the 
harmattan often has a break through for some days and reaches the coast. On the other hand, a substantial part of the 
dust trapped in the south is local dust and not dust transported from the Sahara.

Methods of dust collection
In order to determine the dust deposition rate in the different agro-ecological zones, four test sites were established 

in the year 2000; one at Bawku in the Sudan savanna zone, one at Tamale in the Guinea savanna zone, one at Kade in 
the moist semi-deciduous forest zone and one at Kpong in the coastal savanna zone (Fig. 1). In 2001, these four test 
sites  were  increased with several  sites covering the  entire  country.  Table  2  shows the  stations  and the  years of 
sampling. The period 2000-2001 can be considered as a pilot study and, based on this, a nation-wide coverage of 
stations were established and functioned for 3 years. Based on the results obtained for the 3 years, the number of 
stations was reduced in 2004-2005 but still a reasonable coverage of the country was maintained.

TABLE 2
The location of the harmattan dust sampling sites 2000-2005   

2000-2001 2001-2002 2002-2003 2003-2004 2004-2005
Bawku * * * * *
Wa * * *
Tamale * * * * *
Kintampo * * *
Sunyani * * *
Kete Krachi * * * *
Sefwi Bekwai * *
Kade * * * * *
Kpong * * * * *
Ainyinase * * * *
Legon * * * *
Anloga * * *

Some of the sampling sites were situated at agricultural experimental stations; others were located at local farmers’ 
fields or similar places. Each of the sampling sites were covered with vegetation, and they were located far from 
public roads and major towns (except Legon) in order to minimize the input of local dust (Tiessen et al., 1991; Erell 
& Tsoar, 1999). Thus, it is believed that most of the local dust might be generated from ploughed fields as well as 
grazing and other similar land uses. Three types of samplers were used to trap the dust (Fig. 2).
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Fig. 2a. Mat sampler and bare wood sampler in frame with drainage system;

Fig. 2b. Bowl with water and a mat sampler in frame with drainage system

1. Plastic bowls about 40 cm deep with an inlet area of 0.23 m2. The bowls were filled with water up to 10 cm to the 
top and was refilled once a week to 10 cm to the top. Except for the harmattan seasons of 2001-2002 when tap 
water was used to trap the dust, distilled water was used for the remaining years. In order to avoid birds, mice and 
other animals from drinking and polluting the water, a thin grid cover with a mesh width of about 1 cm was used to 
cover the mouth of the bowl. It is believed that the results from this type of sampler reflect the total amount of dust 
per harmattan season, as the dust trapped cannot be blown out again as would happen in a dry surface. Further-
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more it gives an indication of the dust retained in lakes and other water bodies, which is important in Ghana as it 
hosts one of the biggest man-made lakes in the world, the Volta Lake (Fig. 1).

2. Plastic mats covering 0.63 m2, 70 cm broad and 90 cm long. The mats have plastic straws like a grass lawn. There 
are eight plastic straws per square centimetre. Each straw is 1.5 cm long and has a surface area of about 1 cm2. 
Thus, the surface area of the mat is about eight times the surface area of bare ground. The mats are placed in a 2-cm 
high wooden frame. A drain is fitted by connecting a tube to a drilled hole in the frame in order to drain the water 
from erratic showers which might occur during the harmattan period, especially in the south. The tube leads the 
water to a 36-litre plastic container (Fig. 2). From the season of 2003-2004, another type of mat sampler was 
introduced at the sampling sites in the south where erratic showers occur during the harmattan that more than fill 
the 36-litre plastic containers and, thereby, reduces the possibility of accurately calculating the amount of dust 
retained. A plate of plywood with a diameter of about 55 cm was placed in a bowl 2 cm from the top. Holes for 
drainage were drilled in the plate and on the plate a mat fitting the size of the plywood was placed. When it rained 
the water passed through the holes in the plywood and collects in the bowl. These samplers can easily absorb all the 
precipitation in the erratic showers and are, therefore, more reliable than the mats in frames. The plastic mats are 
believed to give an estimate of the dust which is captured by the vegetation and if harvested after the end of the 
harmattan period gives an approximate measure of the dust fallen to the ground and retained there.

3. Wooden plates covering 0.63 m2, 70 cm broad and 90 cm long. If harvested at the end of the harmattan dust period, 
these plates are believed to retain dust in an amount similar to those falling on bare ground or consolidated areas 
like towns, asphalt roads, airports, etc. 

The samplers were installed at the end of November and harvested about 1 March  the following year. They were at 
all the sites established one metre above the ground, but at selected sites, samplers were also installed at other heights 
for special experiments.  In this paper only the results for the bowl and mat samplers installed at 1 m height are 
reported and discussed. 

At  the  end  of  the  sampling  time  the  mats  were  placed  in  plastic  bags  to  avoid  contamination  during  their 
transportation to the laboratory in Accra. Most of the water in the bowls was decanted on location and the remaining 
water with the sediment was stored in 1.5-litre plastic bottles. It was obvious that biological activity had taken place in 
the bowls with tap water and distilled water since the water had turned greenish due to algae.

Analyses
In the laboratory, the mats were carefully washed with distilled water.  The water was evaporated in big glass 

beakers in order to get dry dust samples for analyses. The colour of the dried dust samples was determined by means 
of a Munsell Soil Color Chart.  The bowl samples were also evaporated in big glass beakers.  In some cases, the 
samples were contaminated with remnants of straw and starch from nearby fields. Before analyses, most of these were 
removed by a floating procedure, where the samples were put into water-filled beakers. The dust sank to the bottom 
while the plant remnants were floating at the water surface and skimmed off. The dried samples were weighed and 
g/m2 of dust calculated. Because of the contamination of the mat samples with plant remnants and algae blooms in 
some of the bowls, which lead to an increase in total organic matter content, only the amount of the mineral part of the 
dust trapped is reported. 

Particle-size  was determined by use of  a  Malvern Mastersizer  2000 (laser  diffraction method) as  this  method 
requires only small amount of soil material. Less than 1 g of dust sample was washed in hydrochloric acid to remove 
carbonates if present. Then the samples were treated with hydrogen peroxides for removal of organic matter. The 
samples were then dispersed with 0.1 M Na

4
P

2
O

7  
and treated with ultrasound for 3 min. before analysis. A standard 

procedure was used for operating the Malvern Mastersizer 2000 and the diffraction pattern was converted to a grain 
size distribution using Mie diffraction theory (Mc Cave & Syvitski, 1991; Agrawal  et al., 1991; Operators Guide, 
1998). Total carbon content was determined by dry combustion using an Eltra CS500-apparatus. 

Results and discussion
Regional variation in the amount of dust retained by the water filled bowls
Information on the intensity of the Harmattan can be obtained from the amount of dust trapped in bowls with water. 
This is due to the fact that re-suspension from the bowl is almost zero, while re-suspension must be expected from the 
mats. Table 3 shows that, on average, the bowl samplers at Bawku in the north trapped about two and a half times the 
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amount of  dust  trapped at  Kpong in  the  south.  There  were  big differences  in  the  amount  of  dust  trapped from 
harmattan season to harmattan season. The seasons 2001–2002 and 2004–2005 were very severe with high dust loads 
and, in the period investigated, the severe harmattan in the north occurred at the same times as in the south. As more 
than 10 stations have been equipped with water filled bowls, and they are spread over the country, it is possible to 
make maps showing in broad classes the intensity of the harmattan in various seasons. 

TABLE 3
The amount of mineral dust trapped by bowl samplers at Bawku in the north and Kpong in the south during five harmattan seasons 2000-2005

2000-2001 2001-2002g 2002-2003g 2003-2004g 2004-2005g Mean  st. d.
g dust/year g dust/year g dust/year g dust/year g dust/year n=5

Bawku 15.9 80.7 30.7 14.6 42.8 37.0        27.0
Kpong 9.4 21.3 9.5 10.5 21.4 14.4         6.4

The results from the bowl with water samplers for the harmattan seasons 2001-2002, 2002–2003 and 2003–2004 
are shown on Fig. 3. The lines are drawn based on the results from the different stations shown in Fig. 3. The three 
harmattan seasons represent years with strong, medium and weak dust-laden. The harmattan season 2001-2002 was 
the strongest in the 5 years of measurements. In the northern part of the savanna area (Bawku-Wa) the dust trapped in 
the bowls accounted for more than 80 g/m2.  Around Tamale, the dust deposition was relatively low (20-30 g/m2) and 
far below the amount of dust trapped at Kete Krachi further to the south-east (above 40 g/m2).  Also, in the south, the 
dust collected is high, but not as extraordinary as found in the north. In the moist semi-deciduous forest zone the 
bowls trapped between 10 and 15 g/m2.  In the south-west, covered by tropical rain forest, less than 5 g/m2 were 
trapped.

Fig. 3. The regional variation in the amount of harmattan dust trapped in bowls filled with water
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Fig. 3a. g dust/m2 in the harmattan season 2001–2002

Fig. 3c. g dust/m2 in the harmattan season 2003–2004
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The harmattan season 2002–2003 expressed a medium harmattan period. The dust retained in the bowls in the 

north was about 30 g/m2 with maximum value of 36 g/m2 in Wa. The dust load decreased towards the south and in the 
northern part of the moist semi-deciduous forest zone it was about 20 g/m2 and less than 15 g/m2 in the southern part. 
The lowest values were recorded in the south-eastern corner at Anloga with 3 g/m2. 

The harmattan season 2003–2004 was very weak in the north. The dust retained accounted for 15–20 g/m2 and 
decreased towards the south, and in the moist semi-deciduous forest it was about 5–10 g/m2. In the south-east, in the 
coastal savanna zone, the amount of dust retained was 10–15 g/m2.

Regional variation in the amount, texture and carbon of dust retained by the mats
The amount of dust retained by the mats is a measure of the dust captured by the vegetation (Breuning-Madsen & 

Awadzi, 2005). Table 4 shows the amount of dust trapped on the mats in the period 2000–2005. In general, the 
harmattan dust deposition rate was highest in the north and decreased towards the south. The savanna area, Bawku, 
Wa, Tamale and Kintampo, had an average deposition per harmattan season of slightly above 16 g/m2 while the 
sampling sites in the moist semi-deciduous forest area, Sunyani, Kete Krachi and Kade, is slightly above 5 g/m2. 

TABLE 4
The amount of the mineral portion of dust trapped on the mats for five harmattan seasons

2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 Average   
g/m2 g/m2 g/m2 g/m2 g/m2 st.d. g/m2

Bawku 15.7 25.1 17.2 15.7 19.6 18.7  3.9
Wa – 23.9 13.6 23.0 – 20.2  5.7
Tamale 12.0 14.4 12.5 11.9 15.2 13.2  1.5
Kintampo – – – 12.3 13.6 –
Keta Krachi – – 6.7 5.3 7.8 6.6    1.3
Sunyani – 5.8 5.0 4.4 – 5.1    0.7
Kade – 2.3 2.4 7.7 5.5 4.5    2.6
Ainyinase – – – 4.4 3.5 –

Based on the mat samples from Bawku and Tamale, the harmattan seasons 2000–2001 and 2003–2004 were very 
weak, while the harmattan season 2001–2002 was the most dust-laden in the north. It is also supported by the results 
from Wa. On the other hand, the dust deposition in Wa was rather severe in 2003–2004 where the deposition rate in 
Bawku-Tamale was low.  In the south the variation from year to year is low in absolute figures but in average the dust 
trapped in the two last seasons seems to be a little higher than the years before. This means that there is no connection 
between the seasons in the north and south for maximum dust retention. 

The grain size distribution of the dust trapped on mats in the harmattan season 2003–2004 is shown in Table 4. In 
the north (Wa, Bawku and Tamale) the median grain size (D

50
) is about 16 µm and the mean grain size is about 13 µ

m. The grain size distribution is rather close to a log normal distribution but with a little tail of coarser materials 
(Breuning-Madsen & Awadzi  2005). The organic carbon content is lowest in the north-east with about 3% organic 
carbon increasing to about 7% in Wa and Tamale. In the middle section (Kintampo, Sunyani, Kete Krachi) the grain 
size distribution became finer and the D

50
 and the mean value dropped to about 10 µm, indicating a more log normal 

distribution than in the north. The organic carbon content increased to about 15%. Further to the south D
50

 and the 
mean value dropped to about 6 µm with an organic carbon content of about 13%, which is almost at the same level as 
in the middle section. Thus, the general trend is that the grain size distribution is finer towards the south, while the 
organic carbon content is lowest in the north. 

As the grain size analyses were carried out using the laser diffractometry method, it is difficult to compare the laser 
results with dust analyses carried out with the pipette or hydrometer method. A comparison of the pipette method and 
laser  diffractometry method shows that  the  two methods give almost  the  same result  when looking at  the  sand 
fraction,  but  the  laser  diffractometry  method  overestimates  the  silt  content  and  underestimates  the  clay  content 
compared to the pipette method. This discrepancy is, among other things, due to different principles where the pipette 
method defines  the  particle  diameter  as  equivalent  to  that  of  quartz  sphere  settling  in  a  liquid,  while  the  laser 
diffraction method calculates the diameter based on the particle diffraction pattern. Konert & Vandenberghe (1997) 
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demonstrate that the percentage share less than 2 µm, determined by the settling method, correspond well with the 
percentage share less than 8  µm, determined by the laser diffractometry method. If so, the dust settled in northern 
Ghana will have about 30% clay, while that in the south will have about 50% clay if the texture was determined by 
the pipette method.

 The  relative  increase  in  the  organic  carbon  content  towards  the  south  might  be  due  to  differences  in  the 
sedimentation rate of the mineral and organic part of the dust and/or an enrichment of the dust with organic matter 
when passing through Ghana. The increasing content of organic matter towards the south is reflected in the colour of 
the dust. Using the Munsell colour notation the dust in the Bawku area is often pale brown to brown; in the Tamale 
area it is brown while in the south it is dark greyish brown. These colours indicate that the major part of the dust does 
not have its origin from red tropical soils, but probably, as proposed by Kalu (1979), Mc Tainsh (1980), Mc Tainsh & 
Walker (1982), Cox et al. (1982, d’Almieda (1986) and Afeti & Resch (2000), the dust originates from the Bilma and 
Faya Largeau area in the Chad basin. In that region, very large areas which were former lakes have evaporated 
leaving behind evaporites on the ground and fossils from the aquatic state.   

Table 5
The particle size distribution and total carbon of the mat samples from the harmattan season 2003-2004

Location and D(0.1) D(0.5) D(0.9) Mean Total 
height µm µm µm µm C%

Bawku 1.7 17.1 58.6 13.4 3.1
Wa 1.7 16.0 69.6 13.3 7.5
Tamale 1.6 15.3 58.6 12.3 6.0
Kintampo 1.7 11.3 45.9 10.2 14.6
Kete Krachi 1.8 10.7 40.1 9.5 15.6
Sunyani 1.3 8.2 72.0 9.0 14.9
Kade 1.0 5.4 25.7 5.3 11.9
Kpong 1.1 6.1 30.2 6.1 13.0

Anloga 1.3 7.4 43.7 7.7 14.5

Loess formation in Ghana
In Nigeria, closer to the source of the harmattan dust in the Sahara, Aeolian mantles of geological significance 

(Sombroek & Zonneveld,  1971;  McTainsh,  1984)  has  been  reported,  and  it  is,  therefore,  obvious  to  investigate 
whether the severe Harmattan in the north can form loess deposits. The Memoir No. 5 of Soil Survey of Ghana (Adu, 
1969) does not describe loess deposits in north-east Ghana, where high deposition rate of dust is found. An extensive 
survey between Bolgatanga and Bawku conducted in 2001 confirmed the work of Adu (1969) that no loess layer was 
found, and the soil surfaces were often gravelly or stony. Detailed soil profile investigation at the agricultural stations 
at Bawku (Tafeli and Kupela soil series) and Tamale (Tingoli soil series) revealed that the parent material was not 
loess as the profiles contained great amounts of gravel and coarse sand in both topsoil and subsoil, particle-sizes 
which should not be present in loess deposits.

Pye & Sherwin (1999) stated that a high dust accumulation rate is crucial if a loess layer is to develop. In semi-arid 
conditions, the threshold accumulation rate is more than 500 g/m2/yr. Thus, the deposition rate of dust measured in the 
three  harmattan  seasons  described  supports  the  fact  that  no  distinct  loess  layer  was  found.  The maximum dust 
deposition in Ghana occurs in the north with average dust deposition of about 20 g/m2/yr, while in the south the 
deposition rate is about 5 g/m2/yr-1 in the moist semi-deciduous tropical forest zone and in the coastal savanna zone. 
The 20 g/m2/yr-1 will form a loess layer of about 0.015 mm per year or 1.5 cm per 1,000 years if it is assumed that the 
bulk density of the layer is 1300 kg/m3. Termites and ants can easily incorporate such a layer into the soil, and no 
loess layer will develop. Furthermore, the present day deposition rate is probably higher than it was about 100 years 
ago, because the cultivation of the semi-arid soils and other types of human disturbance to desert surfaces has caused 
significant increase in the scale of dust transport (Tsoar & Pye, 1987; Morales, 1979). 

Conclusion
There are great regional differences in the amount of harmattan dust captured in Ghana. In general, the Harmattan is 
most severe in the north. The amount of  dust retained differs significantly from year to year,  and in the period 
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investigated a severe Harmattan in the north did coincide with severe Harmattan in the south. The texture of the dust 
becomes finer towards the south and with increasing amount of organic matter. The amount of dust retained on the 
surface in the north is about 20 g/m2. This gives a deposition rate of about 15 mm per 1000 years. This explains why 
loess layer has not developed in northern Ghana. 
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Abstract
Studies on boron levels in soils cropped to coffee were carried out in Ghana due to widespread reports on boron deficiency in soils of some 
coffee producing countries. Leaves and soils were sampled from Cocobod coffee plantations at Bogoso, Suhuma, Manso-Mim, Bunso and 
Bepong, which represent the main coffee growing areas in the Western, Ashanti and Eastern regions of Ghana. Also determined were percent 
OC and Ca, pH, texture and statistical relationships established for both leaf and soil boron contents and the soil properties. The results showed 
that available B in the 0-30 cm depth ranged from 0.77 to 1.54 mg B kg -1 soil. Surface soil pH values ranged from 5.4 to 6.8 and the subsurface 
soil from 5.1 to 6.7. Leaf B was between 28.7 and 42.5 mg B kg-1. The leaf Ca/B ratio used as index of B deficiency was between 331.4 and 
398.8; values high enough to suggest that boron was low compared to Ca concentrations in the leaves, a condition which implies that available 
B in the soils was below the levels required to support coffee plants. All locations of sampling indicated that there was positive correlation 
between percent OC, calcium and available B in the surface soils. Similarly, the relationship between percent clay, calcium and available B in 
the subsurface soils was positively correlated. Soil available B at 0–30 cm depth was highly influenced by percent OC and pH. Coffee leaf B 
content and soil pH was negatively correlated at pH above 5.8, but was positive when the pH was below 5.8. Boron levels in the coffee leaves 
were within the critical range of 2–40 mg B kg-1 although soil available B appeared low.

Introduction
Studies on boron levels in soils cropped to coffee were carried out in Ghana due to the widespread report on boron 
deficiency in soils of some coffee producing countries. Boron is an essential plant micronutrient which is important in 
cell division and is apparently a necessary component of the cell wall (Jackson & Chapman, 1975; Cohen & Lepper, 
1977; Slack & Whittington, 1964). Boron is known to be directly or indirectly involved in several enzyme activities 
and also for the stabilisation of positive electrostatic charge in plasma membrane that is generated by the actions of 
phytochrome and gravity (Tanada, 1978). It is essential for increasing the pollen producing capacity of anthers and 
pollen grain viability. Boron deficiency decreases the rate of water absorption, root growth and translocation of sugars 
in plants.

The main source of boron in soils is sedimentary and igneous rocks (Evans & Sparks, 1983). However, it is known 
that soil boron content is enhanced by an increase in soil organic matter and a decrease in soil pH. It is also influenced 
by the texture of the soil, with coarse textured soils having low boron content.

Information on the boron content of soils in West Africa and factors affecting its availability and uptake is lacking. 
The few available data indicate a range of 0.01–0.78 mg B kg-1 soil for surface soils cropped to cocoa and coffee in 
Nigeria (Egbe & Omotosho, 1972; Omotosho, 1977; Ojeniyi & Egbe, 1984). The amount present in semi-deciduous 
soils is very low compared to the range of 0.2–2.0 mg B kg-1 soil for humid regions (Jackson, 1958). Due to low levels 
of the element, widespread boron deficiency symptoms were observed in leaves and pods of high yielding Amazon 
cocoa varieties in Ghana and coffee in Nigeria (Asomaning & Kwakwa, 1967; Omotosho, 1977). Values of 2–40 mg 
B kg-1 in coffee leaves have been reported as the critical range below which boron deficiency symptoms are expected 
on the leaves (Chaverri  et al., 1957; Culot  et al., 1958; Loue, 1960). The concentration of B in coffee leaves is 
influenced by Ca/B ratio in the plant. 

Perez et al. (1956) classified coffee leaves with Ca/B ratio of 60–400 as adequate for a normal growth of coffee 
plant.  Boron concentration in  coffee leaves is  also known to be affected by soil  pH. Low B concentrations are 
observed when soil  pH levels are greater than 6.3–6.5. Boron deficiency is known to be more widespread than any 
other micronutrients in many parts of the world where coffee is grown (Gupta, 1968), yet very little work has been 
carried  out  on  this  nutrient  element  in  Ghana.  Unlike  cocoa,  not  much attention  has  been  given  to  boron  as  a 
micronutrient in coffee plantations in the country. Therefore, the objective of this study is to report on the available B 
levels in some coffee growing soils in Western, Ashanti and Eastern regions of Ghana, and the soil properties that 
affect boron concentrations in the coffee plant.
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Materials and methods

Soil and coffee leaf sampling
Soils from five coffee growing areas were sampled from Suhuma (06o 15' N, 02o 28' W) and Bogoso (05o 33' N, 02o 

10' W) in the Western Region, Manso-Mim (06o 28' N, 01o 58' W) Ashanti Region, Bepong (06o 40' N, 00o 40' W) and 
Bunso (06o 20' N, 00o 28' W) in the Eastern Region. Surface (0–15 cm) and subsurface (15–30 cm) soils were sampled 
1.0 m away from the base of each coffee plant on which the leaves were sampled. The soil samples were air-dried and 
sieved through a 2-mm mesh for analysis in the laboratory. Coffee leaves were sampled from either the second or 
third mature leaves from the apical bud of local Robusta coffee plants. The leaf samples were taken from at least 40 
plants within the coffee plots, they were bulked and taken to represent the location. The leaves were washed, oven-
dried at 80 oC for 24 h and milled.

Laboratory determinations
Soil pH was determined on 1:2.5 soil to water ratio by glass electrode method. Other chemical analyses included 

organic carbon (Walkley & Black, 1934), calcium was determined by using Atomic Absorption Spectrophotometer 
after extracting it with 1 M ammonium acetate (pH 7.0). Soil B was extracted by the hot water method of Berger & 
Troug (1944). Particle size distribution was determined by the Bouyoucos (1962) hydrometer method. All laboratory 
analyses were carried out on both surface and subsurface soils.

The milled coffee leaves were ashed and digested with a tenary mixture of perchloric, nitric and sulphuric acids. 
The boron content in both soil and coffee leaves were determined by the curcumin colourimetric method (Naftel, 
1939) as modified by Dible et al. (1954). Calcium in the digest was determined by the method described by Jackson 
(1958). Sample correlation analysis was used to calculate the correlation coefficients among the various parameters 
determined.

Results and discussion
Physico-chemical properties of the soils 
Table 1 shows the physical and chemical properties of the soils under study. The soils from the various locations vary 
in properties. At all five coffee growing areas studied, organic carbon content was greater in the surface soils than in 
the subsurface. The percent OC ranged from 1.68 to 3.06 for the surface soils, while that of the subsurface were from 
0.75 to 2.05. This may be attributed to large volume of litter collected on the soil surfaces. Soil pH was moderately 
acid and also higher in the surface soils than in the subsurface. The availability of boron is related to soil pH with the 
element being most available in acid soils. Thus, the moderately acid condition of the soils suggests that boron content 
of the soils would be inadequate for coffee plants. Calcium levels ranged from 3.7 to 14.8 mg Ca/100 g for the surface 
soil and 1.4 to 9.0 mg Ca/100 g for the subsurface. Clay and silt contents in the soils increased from the 0 to 15 cm to 
15–30 cm depth but no clear trend was observed in the sand content. Thus, there had been a build-up of clay and silt 
in the subsurface.

TABLE 1
Some physical and chemical properties of soils from five coffee growing areas

Location           % OC   pH              Ca                 % Clay           % Silt    % Sand
         mg Ca 100 g-1   

0–15  15–30 0–15 15–-30 0–15 15–30 0–15 15–30 0–15 15–30 0–15 15–30  
cm cm cm cm cm cm cm cm cm cm cm cm

Bunso 1.68 0.71 6.8 6.7 8.2 3.4 29.9 36.74 45.83 39.45 24.58 23.81

Bogoso 2.31 1.18 5.6 5.2 3.7 2.3 21.57 30.53 24.05 14.30 54.38 55.17

Suhuma 2.01 1.21 6.3 5.9 7.9 2.7 16.44 25.85 7.34 5.48 76.22 68.67

Bepong 2.06 1.14 5.4 5.1 4.6 1.4 14.24 16.29 11.66 8.43 74.10 75.28

Manso-Mim 3.06 2.05 6.3 6.0 14.8 9.0 22.96 24.77 44.47 33.37 32.57 41.86
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TABLE 2

Soil available boron, leaf boron and leaf Ca/B ratios of coffee leaves

        Available B       Leaf B      Leaf Ca Ca/B ratio
Location mg B kg-1 soil             mg Ca kg-1

0–15 cm 15 –30 cm

Bunso 0.62 0.41 (1.03) 28.7 12.87 369.6
Bogoso 0.56 0.21 (0.77) 42.5 9.38 398.8
Suhuma 0.48 0.37 (0.85) 34.2 9.69 331.4
Bepong 0.49 0.40 (0.89) 29.1 12.27 357.0
Manso-Mim 0.78 0.76 (1.54) 30.5 12.46 380.1

Values in bracket represent B concentrations in the 0-30 cm depth.

Boron contents in soil and coffee leaves
The available B levels in the soils from the various locations are shown in Table 2. Available B levels in the 

surface soils were higher than those in the subsurface. According to Reisenauer et al. (1973), soils may be roughly 
categorized on the basis of hot water soluble B into the following groups: (1) < 1.0 mg B kg-1 – soils that may not 
supply sufficient B to support normal growth, (2) 1.0–5.0 mg B kg-1 – soils that supply concentrations of B that 
usually allow normal growth of plants, and (3) > 5.0 mg B kg-1 – soils that may supply toxic concentra-tions of B. The 
available  B content  in  Bunso  and  Manso-Mim soils  within  the  0–30 cm depth were  1.03 and 1.54 mg B kg -1, 
respectively, and, thus, fell within the category of soils that may supply sufficient B to support normal growth of 
crops. The rest of the soils (Bogoso, Suhuma and Bepong) had less than 1.0 mg B kg-1 and were, therefore, deficient in 
B.

All the soils had greater available B levels in the surface (0–15 cm) than in the 15–30 cm depth. This may be 
attributed to the accumulation of organic matter on the surface soil as shown by the Manso-Mim soil which had 
greater organic carbon content (3.06%) than the other soils (Table 1). Variations in soil available B levels at the 
various coffee growing areas may be due to differences in other soil properties such as soil pH and texture (Hingston, 
1964; Bingham, 1973). The low levels of available B in Bepong and Suhuma soils may be due to the hilly nature of 
the two areas, a terrain that encourages erosion and subsequent removal of organic matter from the soil surface. Due 
to  the  rocky nature  of  these  two  areas,  the  B  element  may be  locked  up  in  the  rocks  and  render  the  nutrient 
unavailable to plants; a phenomenon which sharply contrasts B availability in decomposed organic matter or that 
adsorbed and precipitated on surfaces of soil particles (Russell, 1973; Bingham, 1973).

The boron levels in the coffee leaves are shown in Table 2. The values ranged from 28.7 to 42.5 mg B g -1 leaf, with 
Bogoso having the highest followed by Suhuma, Manso-Mim, Bepong and Bunso in decreasing order. Among the 
factors that influence leaf B concentration is the Ca/B ratio. Tissue Ca/B ratio is often considered a reliable index for 
B deficiency or toxicity in plants. The Ca/B ratios for the coffee leaves ranged from 331.4 to 398.8, the highest being 
Bogoso, and Suhuma, the lowest. The Ca/B ratios fell within the range of 60–400 for normal coffee leaves (Perez et  
al., 1956), but the values were, however, clustered at the upper percentile of the range. This is an indication of a low B 
concentration with respect to Ca in the leaves.

Relationship between soil available B and some soil properties
The effects of soil properties such as percent OC, pH, texture and Ca on levels of soil available B were analysed 

and the correlation coefficients presented (Tables 3 and 4). Percent OC in the surface and subsurface soils positively 
and significantly correlated with available B in Bogoso and Suhuma (p < 0.01), whereas in the same soils available B 
correlated negatively with soil pH.

TABLE 3
Correlation coefficients between soil available boron and some soil properties at different coffee growing areas

Soil properties Locations
Bepong Bogoso Suhuma Manso-Mim Bunso
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%C1 0.494 0.988** 0.890** 0.532 0.691
%C2 0.167 0.989** 0.891** 0.238 –0.302
pH1 0.573 –0.817** –0.948** 0.049 0.503
pH2 0.404 –0.940** 0.540 0.174 0.557
Ca1 0.748** 0.019 0.410 0.324 0.694
Ca2 0.547 0.536 0.598* 0.220 0.710*
%Clay1 –0.018 0.320 0.425 -0.512 0.410
%Clay2 –0.043 0.350 0.115 0.010 0.371
%Silt1 0.650* 0.517 0.544 -0.143 –0.420
%Silt2 0.319 0.132 0.685* -0.440 –0.198
%Sand1 –0.490 -0.585 -0.663 0.696* –0.799*
%Sand2 0.070 -0.532 -0.206 0.440 0.816**

* and ** denote significant at p < 0.05 and 0.01, respectively.
Subscript 1 means surface soil (0–15 cm).
Subscript 2 means subsoil (15–30 cm).

TABLE 4
Correlation coefficients between soil available boron and some soil properties at different coffee growing areas

Soil properties Locations
Bepong Bogoso Suhuma Manso-Mim Bunso

%C1 0.383 0.934** 0.780** -0.154 -0.497
%C2 0.412 0.923** 0.782** -0.202 -0.318
pH1 -0.129 -0.789** -0.630 0.195 0.692
pH2 -0.081 -0.890** 0.660* 0.393 0.712*
Ca1 0.142 0.146 0.484 0.100 0.635
Ca2 0.229 0.625* 0.645 0.076 0.740
%Clay1 0.607 0.522 0.435 0.051 0.374
%Clay2 0.631 0.570 0.045 0.027 0.183
%Silt1 -0.576 0.382 0.125 0.622* -0.485
%Silt2 0.403 0.078 0.061 -0.487 -0.247
%Sand1 -0.609 -0.759* -0.403 0.078 –0.887**
%Sand2 0.602 -0.669** 0.075 0.256 0.835**

* and ** denote significant at p.<.0.05 and 0.01, respectively.
Subscript 1 means surface soil (0–15 cm).
Subscript 2 means subsoil (15–30 cm).

TABLE 5
Correlation coefficients between leaf B and some soil properties, Ca/B ratio and calcium at different coffee growing areas

Leaf and soil Locations
properties Bepong Bogoso Suhuma Manso-Mim Bunso

%C1 -0.578 -0.651* 0.548* 0.170 0.519
%C2 -0.468 -0.661* 0.550* -0.220 0.151
pH1 0.212 0.631* -0.691* 0.168 -0.190
pH2 0.370 0.704* 0.553 -0.022 -0.204
Ca1 -0.107 0.177 0.270 -0.173 0.218
Ca2 0.232 -0.152 0.464 -0.338 -0.166
B1 -0.318 -0.643 0.751* -0.074 0.050
B2 -0.500 -0.616 0.583* -0.189 -0.009
%Clay1 -0.348 -0.771* 0.204 -0.262 0.131
%Clay2 -0.097 -0.808* 0.296 0.415 0.170
%Silt1 0.244 -0.267 0.305 0.160 0.339
%Silt2 -0.189 -0.115 -0.022 0.101 0.171

137



West African Journal of Applied Ecology, vol. 11, 2007
%Sand1 0.571 0.709* -0.207 0.196 0.162
%Sand2 0.110 0.831** -0.260 0.049 0.340
Leaf Ca -0.031 0.696* -0.917** 0.399 -0.435
Ca/B -0.604 0.807** -0.928** -0.632 -0.644

* and ** denote significant at p < 0.05 and 0.01, respectively.
Subscript 1 means surface soil (0-15 cm).
Subscript 2 means subsoil (15-30 cm).

Considering the soil properties in isolation and their influence on soil available B levels, %OC, pH, %sand, %silt 
and calcium, respectively, explained 85.2–97%, 62–88%, 44–57%, 42–47% and 35–41% of the availability of B in 
the soils. It may, therefore, be inferred that the levels of soil available B in the 0–15 cm were mostly affected by the 
organic matter content and pH, with texture and calcium playing minor roles in enhancing B availability in the soils. 
This is in agreement with Okazaki & Chao’s (1968) report that organic matter is one of the main sources of B in acid 
soils.

Relationships between leaf boron and soil properties
Table 5 shows the correlation coefficients between leaf boron and some soil properties. Leaf B and %OC of the 

surface soils  of Bepong and Bogoso were negatively correlated while those of Suhuma, Manso-Mim and Bunso 
showed positive correlations (p < 0.05). Correlation coefficient between leaf B and %OC of the subsurface soils of 
Bepong,  Bogoso  and  Manso-Mim  were  positive  while  those  for  Suhuma  and  Bunso  were  negative. Negative 
correlation was obtained between leaf B and soil available B at soil pH levels greater than 5.8.

From the correlation results  reported,  it  was evident  that  in  most  cases where there  were significant  negative 
correlation coefficients for Bepong and Bogoso, significant positive correlation also existed for Suhuma and Bunso 
and vice versa. This is in conformity with the differences in the soil organic matter content and pH levels of the two 
soils. Manso-Mim, Bunso and Bogoso soils had pH above 5.8 while Suhuma and Bepong had pH below 5.8. Thus, the 
dominant soil factors that affect B availability in the coffee growing areas are soil organic matter and pH.

Conclusion
Available boron levels in soils of the major coffee growing areas in Ghana may be categorized into two groups: 
Bunso and Manso-Mim (> 1.0 mg B kg-1) and Bogoso, Bepong and Suhuma (< 1.0 mg kg-1). The amounts of boron in 
the coffee leaves were within the range for normal growth of coffee although soil available B concentrations appeared 
low in three of the soils. Organic matter content and pH of the soils greatly influenced the concentrations of B in the 
soils. Since creating acid conditions in soils for optimum growth of crops is not the norm, the options for increased 
coffee production in the country would be proper management of soil organic matter and application of B fertilizers to 
the coffee plantations.
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Abstract 
Small mammals and herpetofaunal household pests, known for their economic damages, health implications and nuisance effects on people, are 
frequently seen in the Ghanaian home environment. The study was aimed at assessing the relationship between the level of infrastructural 
development  and the abundance,  control  methods and perception of people  about  rodents  and herpetofaunal household pests.  The results 
indicated that the incidence of rodents and anurans decreased with increasing infrastructural development of an area, while the occurrence of 
wall geckos and agama lizards was independent of the level of infrastructural development of the areas. The use of control measures, as well as 
the type of control measure employed, was also dependent on infrastructural development with the underdeveloped areas employing more 
physical and sanitary measures on daily basis, contrary to weakly and monthly bases in the developed and developing areas. Chemical control  
was mostly used in the developing areas while biological control was the main vertebrate pest control method in the developed areas. The level  
of infrastructural development of an area, therefore, gives an indication of the kind of herpetofaunal and small mammal pests likely to be 
prevalent in an area, and the consequences of their infestation. This information is particularly important in the choice of accommodation for 
rental purposes as well as town planning. 

Introduction 
There are as many definitions of the word “pest” as there are authors. Clark (1970) defined pests as “those injurious or 
nuisance species, the control of which is felt to be necessary either for economic or social reasons”, and Dempster 
(1975) also defined a pest as “any animal which does economic damage to crops or domesticated animals,  or is 
harmful to human health”. Allaby (1999) also defined a pest as “any animal that competes with humans by consuming 
food,      fibre or other materials for human consumption or use”. Whatever definition is adopted, it is clear that an 
animal constitutes a pest by merely being a nuisance, or by being   injurious to human health or economic well-being. 

Pests are found within the whole range of animal kingdom, both vertebrate and    invertebrates. Vertebrate pests 
generally cause damage to livestock, crops, and humans, as well as generally being a nuisance (Hubert & Woodcock, 
1983). In most households, herpetofaunal pests may include frogs (Hylarana galamensis), toads (Bufo regularis), 
Agama lizards (Agama agama), wall geckos Hemidactylus gamalensis and house snakes (Lamprophis sp.) Common 
rats (Rattus rattus) and mice (Mus musculus) constitute the rodent pests. 

Anurans (frogs and toads),  or tail-less amphibians, are usually considered as household pests because of their 
persistent  croaking,  particularly  during  their  breeding  season,  which  is  a  source  of  noise  pollution  (Hubert  & 
Woodcock,  1983),  as  well  as  their  annoying  presence  in  large  numbers  near  buildings  (Naumov,  1987).  Toxic 
secretions from the skins of some species could be harmful to humans and domestic animals. Agama lizards and wall 
geckos may cause feacal contamination of uncovered water and crops during sun drying, as well as consume valuable 
food items. Agama lizards are known carriers of Salmonella bacteria (Madiamid, 1962), and wall geckos, apart from 
posing a nuisance, are thought to carry diseases which they may transfer to sleeping humans at night, even though 
there is no scientific evidence for this (Cansdale, 1955).

Rats  and  mice  are  unmitigated  nuisance  and  pests  that  can  live  anywhere  and  eat  anything  (Zinsser,  1956); 
Microsoft Corporation, 2001). The destructiveness of rats and mice is almost unlimited (Kingdon, 1997). They are 
pests of agriculture and stored products, they destroy human property, and they are carriers of human diseases. They 
gnaw at items not only to get access to food supplies but also to keep their rapidly growing incisors short and sharp 
enough for  regular  use  (Young,  1992).  In  the  process,  they destroy merchandise  (e.g.  books,  leather,  harnesses, 
gloves, cloth, fruits, vegetables, etc., both stored and in transit), cause enormous damage to buildings by gnawing 
wood, pipes, walls and foundation, bite holes in mail sacks and eat mail, start fires by gnawing insulation on electrical 
conductors, and may cause tremendous harm by consuming or spoiling grain, fruits, vegetables, nuts and eggs. They 
can also kill young domestic animals like fowls, and other birds, sheep and pigs by infecting them with ectoparasites 
(Canby, 1977), and they also transmit such diseases as the plague, salmonellosis, rat-bite fever, amoebiasis, taeniasis, 
etc. (Storer & Usinger, 1957).

Accra, the capital city of Ghana, has seen a high population growth in the past few years due to natural population 
increase and rural-urban migration (Songsore, 1992). The effects of this increasing urban population and poverty, as 
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reflected in inadequate housing facilities, unemployment, poorly managed community facilities and slum formation, 
often observed in some parts of Accra, provide suitable conditions for infestation by various herpetofaunal and rodent 
pests. The objectives of this study, therefore, were to investigate (i) the relationship between level of infrastructural 
development of communities and the prevalence or infestation levels of herpetofaunal and rodents, (ii) pest control 
methods employed by inhabitants of the city, and (iii) the general perception and level of awareness of inhabitants in 
the city about vertebrate pests in general, with regard to the health and economic implications of harbouring such 
pests.  The  study  also  aim  at  providing  recommendations  that  would  be  beneficial  to  decision-makers,  other 
stakeholders,  and  the  general  public,  particularly  in  city  planning,  and  the  choice  of  accommodation  for  rental 
purposes.

Materials and methods
Study area
Accra has a population of approximately three million (2000 Population Census, Ghana Statistical Service). The city 
presents  a  varied  landscape  of  modern,  colonial  and  traditional  African  architecture.  There  are  three  types  of 
settlements in the residential areas, namely:

(i)Upper class quarters, which are private housing developed by rich individuals, and are designated as developed 
residential areas comprising Cantonments and Lashibi. Preliminary studies involving examination of 30 houses in 
each study area revealed that houses in these suburbs are of high quality, with at least 97% of them well plastered, 
painted, ceilinged, well spaced and fenced. There were generally good sewage systems, efficient waste collection 
service, tarred roads and well landscaped surroundings.

(ii) Social/Low cost housing quarters,  which were constructed within the framework of public programmes to 
provide housing for middle class people in the society, and are designated as developing residential areas comprising 
North Dzorwulu and Adenta Housing. About 90% of the housing  were plastered, painted, ceilinged, and spaced, as 
indicated in the preliminary studies. Only about 47% of the housing in these areas were fenced with fewer houses 
having neatly kept lawns and hedges, compared to the developed areas. 

(iii) Marginal shanty-town quarters, which were informally constructed housing for the generally poor-and middle 
income earners.  These are designated  underdeveloped areas,  comprising Madina Zongo and Teshie,  with a high 
incidence of informally constructed marginal housing. Preliminary studies indicated that 87% of houses in these areas 
were plastered and painted, 37% of which were ceilinged and 20% fenced. The buildings were generally crowded and 
interspersed with bare compacted soil, leaving only about 7% of the household with well-kept lawns.
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Fig. 1.  Control measures used in the selected areas

The study was, thus, undertaken in six suburbs of Accra, namely, Cantonments, Lashibi (Community 18), North 
Dzorwulu, Adenta (SSNIT and SHC Flats), Teshie and Madina Zongo. As indicated above, these areas were chosen 
based on the  form and adequate suitability  of  certain  amenities,  transport  network,  type of  settlement and other 
services.

Lizard occurrence
For the wall geckos, which are largely nocturnal, five exposed points in each study area with florescent lighting 

were selected each night at random, and the number of wall geckos observed between 6.00–7.00 p.m. over a 5-day 
period was recorded. For the diurnal agama lizards, any individual seen at anytime of the day was recorded. This was 
done in other to investigate whether the occurrence of wall geckos and agama lizards in an urban environment was 
dependent on the level of infrastructural development. Because of the difficulty in ensuring that no lizard was counted 
more than once, the frequency of occurrence of lizards, rather than absolute numbers, was determined by estimating 
the daily mean numbers of the lizards encountered. Any significant differences in the means (analyzed statistically 
using ANOVA) were expected to be linked with the level of infrastructural development.

Questionnaire survey: Human-pest interactions
A structured questionnaire was designed and pre-tested on 10 randomly-chosen individuals,  and based on the 

results  of  the  pre-testing,  the  questionnaire  was  restructured  to  include  both  open  and  closed  questions,  and 
administered  to  the  inhabitants  of  a  random  sample  of  180  households,  (30  questionnaires  per  suburb).  The 
questionnaire focused on (i) investigating the common herpetofau-nal pests and rodents often encountered in the 
housing, (ii) mode of interaction of these pests with the inhabitants, (iii) factors involved in the choice of common 
rodent  and  herpetofaunal  control  measures,  rate  of  control  and  human  awareness  about  economic  and  health 
consequences of infestation by these pests. 
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Results
Prevalence of herpetofauna and rodents 
Agama lizards, wall geckos, frogs, toads, rats and mice occurred in all the areas, though there were some variations in 
the frequencies of occurrence (Table 1). More households reported seeing the agama lizards in the underdeveloped 
(97%) and developing (93%) areas than the developed areas (83%).  Similarly,  the number of  households which 
reported the presence of wall geckos increased in the order of 72%, 85% and 92% for the developed, developing and 
underdeveloped areas, respectively. Daily abundance of agama lizards, however, showed no significant difference 
among the developed, developing and underdeveloped areas [ANOVA, F = 0.302, P > 0.05] (Table 2). Similarly, the 
number  of  wall  geckos  recorded  in  the  various  developmental  levels  did  not  show  any  significant  difference 
[ANOVA, F = 0.499, P > 0.05) (Table 2).

TABLE 1

Occurrence of common herpetofaunal and rodent household pests (Actual figures in parentheses)

Area      Frequency of occurrence 
Agama lizards Wall geckos Frogs/Toads Rats /Mice

Developed 83% (50) 73% (44) 60% (36) 37% (22)
Developing 93% (56) 86% (52) 83% (50) 53% (32)
Underdeveloped 97% (58) 90% (54) 77% (46) 77% (46)

TABLE 2
Prevalence of agama lizards and wall geckos 

Level of infrastructural         Mean number/day
development Agama lizards Wall geckos

Developed   9 ± 4 5 ± 1
Developing 12 ± 1 7 ±1
Underdeveloped 13 ± 4 6 ± 4

When the  daily  abundance  of  wall  geckos  (6  ±  1)  and  agama lizards  (11  ±  2)  were  compared,  there  was a 
significant difference [t = 4.90,  P < 0.05]. The developing and the underdeveloped areas had significantly higher 
numbers  of  households  hearing  and  seeing  anurans  around  their  households,  compared  to  the  developed  areas 
[ANOVA, F = 4.584,  P < 0.05] (Table 1). Rodents were the least seen pests, and their occurrence decreased with 
increasing level of development [ANOVA, F = 10.827, P < 0.05] (Table 1). Households of the underdeveloped areas 
reported the highest incidence of rodents around and within their houses (77%).

Control of vertebrate household pests
About 58% of the 180 households sampled reported using pest control measures against the common household 

pests.  The  common  biological  control  measure  reported  was  the  use  of  cats  as  natural  enemies  of  the  pests. 
Mechanical killer traps were quite effective against the rodents, but a few of the other non-target pests were often 
accidentally captured. Three basic methods of chemical pest control were reported: (i) ingestion (oral), (ii) fumigation 
(respiratory), and (iii) dermal assimilation (skin contact). The chemicals were either mixed with food items used as 
bait, sprayed in closed rooms, or smeared and painted on surfaces of walls and floors, depending on the type of 
chemicals. Smearing or painting was the preferred method reported by 55.7% of households where control measures 
were  used,  followed  by  ingestion  (38.9%)  and  fumigation  (5.4%)  methods.  The  common  chemicals  used  by 
households in pest control are listed in Table 3.

TABLE 3
Common chemicals for the control of herpetofaunal and rodent pests
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Pests Brand name Active ingredient

Rats and mice Baraki Diethialone
Bromadialone Bromadialone
Black rat concentrate
Brode facoum

Frogs and toads Thiodan Endosulfan
Wall geckos and agama lizards Karate Pyrethrin

Dunsban, Pyrinex, etc. Organosulphates
Alugan spray
Kerosene

The use of pest control and frequency of use decreased with increasing level of development. Majority of the 
households in the developed and developing areas used pest control methods on monthly and weekly basis compared 
to the daily used by the majority of households in the underdeveloped areas (Table 4). Also, whereas the use of 
physical (trapping and mechanical crushing of pests) and sanitary control methods were highest in the underdeveloped 
areas, the use of chemicals in pest control was highest in the developing areas.

TABLE 4
Frequency of use of rodent and herpetofaunal control methods

Area Use of control                   Rate of control 
Daily Weekly Monthly

Developed 40%   5% 23% 12%
Developing 53%   4% 27% 22%
Underdeveloped 80% 43% 29%   8%

Discussion
Prevalence of rodents and herpetofauna
From  the  results,  it  appeared  that  the  occurrence  of  wall  geckos  and  agama  lizards  is  not  dependent  on  the 
infrastructural development of an area. One reason may be that lizards often take advantage of the opportunities 
offered by human settlements, with their large numbers of insects. The availability of light sources in houses attracts 
insects, which in turn attract wall geckos, which are nocturnal and generally insectivorous (Naumov, 1987). Since 
most houses in the city, irrespective of level of development, have good lighting systems, the prevalence of wall 
geckos was not expected to be dependent on the level of development.

The significant difference in daily abundance between wall geckos and agama lizards, as observed in this study, 
suggests that the abundance of the two species of lizards in households is affected by different factors. One possible 
factor is  a  difference in fecundity, which determines the number of eggs laid, and, consequently, the number of 
offspring produced. Wall geckos are known to produce two eggs at a time, while agama lizards may lay three or more 
(Cansdale, 1955). Another factor may be behavioural. Wall geckos, being nocturnal and frequently occurring indoors, 
are more likely to be affected by the activities and beliefs of human beings, which may result in their being killed on 
sight. Agama lizards, which are diurnal and occur mostly outdoors, are under less pressure from human activities, and, 
therefore, face less risk of being killed.  Also agama lizards are more conspicuous and gregarious in nature, while wall 
geckos are more secretive, making them more difficult to observe (Cansdale, 1955).

As the results indicated, more anurans were heard or seen in the developing and underdeveloped areas than the 
developed areas. This finding may be related to the fact that there were more constructional projects at various stages 
of  development  in  the  less-developed areas.  Such on-going projects  provide suitable habitats  such as  uncovered 
drains, dug holes, scattered construction materials and equipment, which collect water after heavy rains and provide 
suitable breeding and hiding places for the anurans.

Rodents are known to thrive under insanitary conditions in urban areas, so their higher occurrence in the less-
developed suburbs is  expected. Factors that  engender insanitary conditions in such areas are bad refuse disposal 
practices,  high  population  growth  rates,  overcrowding  and  poverty,  among  others.  For  example,  in  the 
underdeveloped  areas,  lack  of  sufficient  financial  resources  forces  some  inhabitants  to  undertake  small-scale 
commercial  activities such as  operating local  restaurants  (chop bars)  and grain milling in  their  residences.  Such 
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activities attract the rodents, which are very prolific and, therefore, multiply rapidly. The occurrence of rodents in the 
developing areas may be due to inefficient sewage and waste disposal systems. In the developed areas, the rodents 
mainly occurred in households adjoining undeveloped plots of land, which people occasionally used as refuse dumps. 

Control of vertebrate household pests
As the results indicated, chemical control was most used in the developing areas. This could be explained by the 

fact that the low prevalence of pests in the developed areas was not worth the risks involved with the use of some of 
the chemicals. In the underdeveloped areas, however, cost may be the main deciding factor, because of the level of 
poverty in such areas. Obviously, level of development influences the choice of pest control measure.

Sanitary control measures were the most common pest control methods reported to be practiced against all the 
pests. This should be expected, since it is practically inexpensive, and only required changes in perceptions, attitudes 
and behaviours of the inhabitants. Such measures included proper waste disposal, and practicing personal hygiene 
(e.g.  covering of food and water),  and keeping clean surroundings.  Level  of  development influenced the use of 
sanitary  control  measures,  as  the  availability  of  certain  amenities  such  as  refrigerators,  storage  cupboards,  and 
efficient public waste disposal systems collection scheme reduce the amount of individual effort required for efficient 
sanitary control.

Perceptions about vertebrate household pests     
From the results, it appeared that the inhabitants were most concerned about the presence or rodents, due to the 

unlimited damage they are capable of causing, which always ends up in some form of financial loss, apart from the 
health risks (food poisoning, disease transmission) posed to people who come into contact with them. Wall geckos 
also cause much concern because of their close proximity to humans. It is generally believed that they are of both 
spiritual and medical importance. Apart from their perceived ability to attract evil spirits to households, they are also 
thought to be the souls of buildings, which may collapse if a gecko is killed. There is also the belief that they cause 
skin rashes, irritation, blisters or sores when they crawl on the skin of sleeping people, particularly around the mouth. 
There is, however, no evidence in the available literature that wall geckos are associated with disease transmission, 
either as causal agents or vectors (Cansdale, 1955; Bellairs, 1957), even though the possibility may exist.

There was not much concern about the occurrence of agama lizards around households, probably because they are 
mostly outdoors, and there is no known human disease associated with them. There was, however, some concern 
expressed about the presence of anurans because they were generally considered a nuisance due to their noisy nature, 
and the erroneous belief that they can bite under great provocation. It should be noted that the presence of some of 
these pests in households may serve to attract more dangerous animals. For example, anurans and rodents are the 
preferred food of snakes which may frequent households with high infestations of these pests. On the other hand, sight 
should not be lost of the fact that some of these pests serve useful purposes in households. Lizards, especially wall 
geckos, and anurans are important biological control agents for all kinds of insects occurring in households. 

Conclusion and recommendations
Small  mammal  and  herpetofaunal  pests  occur  in  urban  areas,  irrespective  of  infrastructural  development,  but 
generally, their prevalence tended to decrease with increasing levels of development. In the case of anurans, this trend 
may be attributable to the relatively higher frequency of abandoned construction dug-outs and water reservoirs which 
become filled up during the rainy season.

The level of infrastructural development was also related to the type of vertebrate pest control measures employed, 
as well as the frequency of application of the control measures. The underdeveloped areas used more physical and 
sanitary control measures on a daily basis, while the use of chemical control on weekly or monthly basis was more 
common in the developing areas. In the developed areas there was limited pest control because of generally adequate 
storage and disposal facilities and good sanitation. Since contamination from the droppings of these pests could have 
public health consequences, it is recommended that water that is stored for domestic purposes is adequately covered to 
prevent the pests themselves or their droppings from falling into the containers or reservoirs. There should also be 
proper  disposal  of  both  liquid  and  solid  waste,  as  well  as  proper  siting  of  mechanical  workshops,  industrial 
establishments,  etc.  that  generate  a  lot  of  waste.  It  is  also recommended that  periodic  education and  awareness 
campaigns  should  be  organized  by  the  city  authorities  to  sensitize  the  inhabitants  on  the  health  and  economic 
consequences of environmental neglect. 
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