
Water is the earth’s eye,
looking into which the beholder
measures the depth of his own
nature. Henry David Thoreau
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•Exponential  increases  in pollution  of 
inland and coastal water bodies

•Disposal of untreated waste and solid 
waste into water bodies

•Extensive  over-exploitation  of 
resources          habitat degradation
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I. Background
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I. Background: Why coastal monitoring?

Agbloboshie in Ghana's capital Accra has been ranked 
in the top 10 most polluted places in the world, thanks to 
toxic fumes, which are a result of consistent dumping of 
electronic goods.

Source: E-waste, pollution plagues Accra's Agbloboshie | 
West Africa

www.numbeo.com 17.06.2014

www.theafricareport.com 17.06.2014

http://www.ghananewsagency.org/science/water-pollution-causes
14-000-deaths-per-day-61736

Water Pollution causes 14, 000 death per day 

http://www.theafricareport.com/West-Africa/ghana-e-waste-pollution-plagues-accras-agbloboshie.html
http://www.theafricareport.com/West-Africa/ghana-e-waste-pollution-plagues-accras-agbloboshie.html
http://www.theafricareport.com/West-Africa/ghana-e-waste-pollution-plagues-accras-agbloboshie.html
http://www.theafricareport.com/West-Africa/ghana-e-waste-pollution-plagues-accras-agbloboshie.html
http://www.numbeo.com/
http://www.numbeo.com/
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I. Background: Why coastal monitoring?

• Marine and coastal ecosystems – local economies (Sindermann, 2005) (e.g., coastal 
development , agricultural and urban waste, fisheries)

• Changes in the ecosystems  – anthropogenic disturbances (e.g., pollution, land use 
changes) or natural stressors

• All species tolerate a limited range of environmental variables (Holt & Muller,  2010)

• Coastal water quality – sensitive organisms (e.g., benthos) with specific tolerances

Municipal Waste Water Organic PollutionMunicipal Waste Water Organic Pollution



Water pollution

http://celikpolisium.blogspot.ug/
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II. Densu Estuary
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• Assessment of environmental quality of Densu estuary
Objective:

The Densu Estuary lies between latitude 5o 30’ N to 6 o 20’ N and longitude 0 o 10’ W to 0 o 35’ W
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III. Methodology: Sampling gears
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III. Methodology:  Statistical Analysis

10

• PAST (Hammer et al., 2001) – environmental factors driving 
the distribution of taxa

• Hammer, Ų., Harper, D.A.T., Ryan, P.D. 2001. PAST: 
Paleontological statistics software package for 
education and data analysis. Palaeontologia Electronica
4(1): 9pp.

• http://palaeo-electronica.org/2001_1/past/issue1_01.htm

http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm


IV. Results
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Parameters N Min Max Mean Stand. dev
Temp  [°C] 10 30.74 34.10 32.17 0.95
pH 10 8.31 8.39 8.35 0.03
EC [mS/cm] 10 35.80 52.60 43.85 5.54
Sal 10 22.80 34.70 28.31 4.03
DO [mg/l] 10 6.44 18.81 10.48 3.27
DO Sat [%] 10 109.60 301.70 171.24 50.18
TDS [g/L] 10 21.90 31.60 27.18 3.33
TSS[mg/l] 10 18.00 38.00 23.60 6.70
Alk[mmol/l] 10 3.20 3.90 3.66 0.24
PO3-4 [mg/l] 10 0.05 1.10 0.33 0.29
NO-3 [mg/l] 10 1.70 7.50 2.98 1.74
SO2-4 [mg/l] 10 15.00 37.00 25.10 7.20
Chl A [µg/l] 9 0.96 4.38 2.25 1.32
% OC 10 0.49 2.05 1.28 0.51
% TN 10 0.06 0.15 0.09 0.03
% C:N 10 8.00 34.81 16.33 9.42
%TP 10 0.44 1.38 0.70 0.31
%SOM 10 0.85 3.53 2.20 0.89
% LOI 10 1.12 1.71 1.51 0.21
Zn (mg/kg) 10 7.30 158.30 46.93 45.01
Pb (mg/kg) 10 1.90 84.70 50.88 24.33
Hg (mg/kg) 10 0.01 0.05 0.02 0.01
% Sand 10 53.00 87.00 62.30 9.25
% Silt 10 10.00 41.00 33.60 8.96
% Clay 10 2.00 8.00 4.10 2.08
E.coli_w [cfu/100ml]10 0.00 4400.00 560.00 1360.72
Ent.spp_w [cfu/100ml]10 0.00 2200.00 330.00 702.46
E.coli_s [cfu/1g] 9 0.00 3.00 1.67 1.32
Ent.spp_s [cfu/1g]9 0.00 46.00 6.56 15.14



IV. Water Quality Index:

• Water Quality Index            single number like grade that 
expresses the overall water quality at a certain area and time based 
on several water quality parameters (Ramakrishnaiah, 2009).

• The computed WQI values: 
• classified as <50 = Excellent; 50-100 = Good; 100-200 = Poor; 200-

300 = Very poor; >300 = Unsuitable (Ramakrishnaiah et al., 2009).

• Densu Estuary ( WQI)  =  416 + 44.06 (Mean+ SD)
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Other ecological Indicators

•The concentrations of heavy metals in the sediment 
followed the trend Zn >Pb> Hg with Cd below detection. 

•Faecal bacteria (e.g., E. coli and Enterococcus sp).
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IV. Results : Cluster Analysis
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Landward Seaward



IV. Results: Principal Components Analysis
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IV. Results: Correlation
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V. Conclusion

• Metals in soil [mg/g]: Zn-76.80 to 158.30, highest S1; Pb-84.70 to 35.10, 
highest S5; Hg-0.029 to 0.045 highest S1. 

• Organics [%] in sediment: C; 0.76 to 2.05 with highest S9, TN; 0.06 to 
0.015; C:N; 12.31 to 34.81, highest S9); TP; 0.44 to 1.38, highest S1).

• The bacterial count (highest S1 and S2) in water (E. coli; 4400 CFU/100ml 
and Enterococcus sp; 2200 CFU/100ml) was significantly higher than in 
sediment (2 CFU/g and 46 CFU/g) than in water.

• These types of microbes indicate faecal pollution, which can pose human 
health risks. Contaminated sites (S1 and S2) were influenced by 
anthropogenic activities.

• The use of multiple indicators is useful for the detection of different 
sources of contamination, water pollution and environmental stresses in 
Densu estuary, Gulf of Guinea coast, Ghana. 
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Opportunities for graduates students:

• Coastal Ocean Environment Summer School in Ghana

https://coessing.org/

• Volkswagen Foundation

https://www.volkswagenstiftung.de/en/foundation

• PhD Program IMPRS for Global Biogeochemical Cycles

https://www.bgc-jena.mpg.de/index.php/IMPRS/IMPRS

• NF-POGO Centre of Excellence in Observational Oceanography

http://www.ocean-partners.org/centre-of-excellence
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