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The physico-chemical slate of eSluarics. lagoons - open and closcd - and bcachcs along the 
coast of Ghana was studicd 10 asscS$ thcir statc of pollution. Aspects o f the chcmistry of the 
coastal waters are al50 discusscd. 
The study W3S aimcd al providing basc·linc dala for the monitoring of pollution in the 
Ghanaisn coastal cnvironmcnt . It alsa draw5 attention 10 the Dccd for control and mcchanisms 
for contro lling pollution. 
The main sources of pollution wcrc identificd as $Cwagc of both indUSlrial and dorncstic origin 
and oil in the form of tarballs. 
Of the 16 lagoons investigated, 12 were round polluted , 2 grossly. The grossly polluted 
lagoons, the Korle and Chemu serve as rcccptades of industrial and domestic wastes. The 
estuaries werc gcncrally slightly polluted or" clean ". Sewage pollution o f beaches was usually 
associated with high population areas. 

Oceat/o{. Acta, 1982. Pr<x:eedings International Symposium on coastal lagoons. 
SCOR/ IABO/ UNESCO , Bordeaux . France. 8-14 September. 1981 , 39-43. 

Étude préliminaire de l'état de pollut ion des côtes du G hana 

Des mesures physico-chimiqucs ont été cffcctuées dans des estuaires, des tagunes et sur des 
plages dc la côte du Ghana pour évaluer leur état de pollution. Ouelques aspects de la chimie 
des caux sont également envisagés. 
Le présent Havail rassemble des données de base pour le contrôle de la pollution le long des 
côtes ghanéennes. Il met également en évidence la nécessi té de connaître les mécanismes pour 
maîtriser la pollution. 
Deux sources principales de pollution sont identifiées: effluents d'origine industrielle ou 
domestique , et hydr<x:arbures. 
Sur les 16 lagunes étudiées, 12 se sont révélées polluées dont 2 fortement. Ces lagunes très 
polluées, Korle ct Chemu , sont des réccptades de déchets industriels ct domestiques. Les 
estuaires SOnt généralement peu pollués ou '" propres JO . La pollution des plages est 
généra lement associée à de fort es concentrations humaines. 

Oce(lllo/' Ac/a. 1982. Actes Symposiu m Internat ional sur les lagunes côt ières , 
SCOR/1ABO/ UNESCO. Hordeaux . 8-14 septembre 1981. 39-43. 

Like othe r countries along the Gu lf of Guinea, the coastal 
rcgions of Ghana, especially Takoradi , Tema and Accra 
(Fig. 1) have been the major arca for industrial develop­
ment. This trend has always been associatcd with increases 
in the popu lation of the coastal areas. with thcir attendant 
problems o f modification and pollution of the coasta l 
environment. 

Po llut ion has been defined by the Group of Experts on 
Scientific Aspects o f Marinc Po llution (GESAM P) as the 
.. introduction by man dircctly or indirectly of substanecs or 
cncrgy into the marinc environmenl (including eSluarics) 
rcsulting in such deleterious effecls as harm to living 
resources, hazards to hu man health, hindrancc 10 marine 
activÎtics including fi shing. imparing of quality for use of sea 
wateT and Teduction of amcnities .. (Portman, 1978). 
Coastal waters aecount for moS! of the world's fish catches 
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and thercfore În terms of the protection of living marine 
resources, prime attention should bc given to the coastal 
region. 
Waldichu k (1977) estimated that coastal waters to the cdge 
o f the continental shelf, which constitute only 10 % of the 
wo rld's oceans produce 99 % of the world's fish catches. 
Sinee most o f the marine pollution originates on land and 
usually passes through the coastal zone first, it is obvious 
that long bcfore the open ocean exhibits a dangerous degree 
o f pollution, the coastal environ ment in mony pinces will 
have beeome inlole rably polluled. Thus controlling of 
pollution of the coastal e nvÎronment by the coasta[ states 
may also relieve or at least delay pollution of the global 
oceans. 
This prciiminary study , undenaken between May and 
August 1980, reports on the state of pollution , sources of 
pollution and their effects on the coastal waters and bcaches 
of Ghana , lt also ai ms at providing base-line data which in 
the long term , could bc used as a basis for the monitoring of 
pollution and the development of the eoastal environment. 

I>hysical realures 

The coastline of Ghana (550 km) , which is part of thc Gulf 
of Guinea. stre tches frQin 3° W to tO 10' E and lies bclween 
4° 5' and 6° 6' N ( Fig. 1). Il is a low lying area - not more 
than 200 m above sca lcvcl - and is subject to two wet 
seasons in a year - May to mid-June and August to 
Septembcr. Most of the coastline is fringed by eoconut trees 
inte rspersed by lagoons and river estuaries. The continental 
shclf is narrow, extending outwards for about 30 km. 
With the exception of the Yolta Rive r, ail the rivers studied 
take their sou rce from the mountain ranges bclow the 
Kwahu Plateau (Fig. 1). The Densu , Ayensu, Nakwa and 
Amisa originate from the Alewa - Atwiredu Range and 
fiow into the Atlantic Ocean through lagoons. 
More than fift)' lagoons occu r along Ihe coastline of Ghana 
( Mensah , 1979) and thesc have bcen classified inlO two 
main t)'pes by Kwe i (1977). Thc fi rst type which occu rs 
more in the eaSlern region , is associated with rcla tivc1y 
small rivers and remains CUI off from the sea for most part of 
the year by sandbars. T hese include the Gao , Laiwi and 
Kpeshie Lagoons. The second t)'pe of lagoon is associated 
with larger rivcrs and usually forms extensivel)' branched 
estuarics. such as the lagoon system at the mou th of the 
River Yolta. 
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For this survey, the coastal enviro nme nt was divided into 
three pans, viz. est ua ries, lagoons and beaches. Eight 
estuaries, sixteen lagoons and twenly-one bcaches from 
Kcta ta Axim (Fig. 1), were studied. Physico-che mical 
paramcters measured al the si tes and on collected wate r 
samples formed the basis of asscssing the state of pollution. 
Thesc werc: 
I} Dissolvcd Oxygcn (DO) and Biochemical Oxygen 
Demand (BOO) - measurcd by a modification of the 
Winkler method (FAO , 1975). 
2) Nut rie nts: 
a ) onhophosphate ( POr P), determined according to 
Mackereth el al. (1978) j 

b) ammonia - nit rogen (N I-!j-N), measured by the indo· 
pheno l blue method (FAO , 1975) ; 
c) nitrate - nitrogen (NOr N). dCle rmined by hydrazine 
rcductiun followcd by diarotizing to fo rm an aro dyc which 
was mcasured colorimct rically. 
3) T ransparency - estimated by the use of a Secchi dise. 
4) Aigai enumerat ion - estimated aecording to Palmer 
(1%2). 
5) Hydrogen-ion concentration (pH) and temperaturc mca­
sured using a portable Griffin pl-! meler and glass Ihermo­
meter respectively. 
6) Pollutants cast and seattered on bcaches were catalogued 
and quantified using quadrants. 
The places visi ted and studied arc shown in Figure 1. They 
include : 
1) Estuaries of rivers Voila , Densu , Aye nsu, Nakwa , 
Amisa. Kakum , Pra and Ankobra. 
2) Lagoons: Keta . Angaw , Songhaw, Laiwi , Gao , Chemu , 
Sakumo Il , Kpeshie , Korle , Sakumo l, Oyibi , Muni , 
Nakwa. Amisa , Fosu and Benya. 
3) l3eaches: Keta. Ada. Ningo, Prampram, Tema , Labadi , 
Mamprobi/Chokor. Botianor, Winneba , Saltpond. 
Abandzic , Anomabu, Biriwa , Cape Coast. Elmina , Shama. 
Sekondi , Takoradi , Busua , Axim and Esiama. 

RESULTS AND DISCUSS ION 

The results of physico-chemical analyses of estuarine and 
lagoon waters have been summariscd and presented diagra­
matically or in tables. Table 1 shows the concentration 
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Table 1 
COllctntra/ioll rallge of parame/ers. 

Paramctcr Estuary Lagoon 

DO (mg J-I) 4.16 - JO.27 0.0 8.29 
BOO (mg J-I) 2.05 - 7.0 l.02 - 80.0 
po,"!' (mg J-I) 0.012 - 0.069 0.0 0.859 
NOy N (mg 1- 1) 0.033 - 1.31 0.0 0.868 
NHJ-N (mg 1- 1) 0.023 - 0.67 0.004 - 3.97 
pH 6.3 8.2 7.0 •. , 
Transparcncy (cm) lUS - 214.0 14.0 - 100.0 
Total aJgal 

13.0 - 182.0 7.0 - 6872 cournslml 
Temperature eC) 25.3 - 29.7 25.' 36.3 

range of paramcters analysed. The mean concentration of 
pol1utants measured on beaehes is prcsentcd in Table 2. 

Table 2 
Meall COlleen/falioll (g/ml) of so~ beach poilU/an/S. 

Localion Tarballs !'Iastics Metals Charcoal 

Ningo 10.25 2.2 6.0 n.c.-
Prampram 4.93 '.0 2.0 n.e. 
Tema New Town 21.57 1JlO 0.0 n.e. 
Tema Beach Club ' .0 l' 2.0 n.e. 
Nautical College 6.7 0.2 0.0 n.e. 
Labadi O., 0.0 0.0 n.e. 
BotiallOT 0.2 7.' 0.0 10.75 
Sakore l.l 162 n.c. 27 
Winneba (GAF) 1.5 0.4 0.0 n.e. 
Saltpond O., 0.0 0.0 n.e. 
8iriwa 0.2 0.01 0.0 13.65 
Cape Coast (West) ".54 0.03 0.0 ,., 
Elmina Hotel 0.7 0.12 8.' 
Elmina Caslle 7.05 0.0 0.0 n.e. 
Sckondi 3.' ' .0 0.0 12.6 
Takoradi 22.3 0.022 l.0 n.e. 
Busua Beach Club D.S 0. 1 0.2 11.0 
Altim 30.85 38.7 n.e. 20.2 
Ankobra Vill ' .0 n.c. n.e. n.e. 
Esiamah n.C. 0.1 n.e. n.e. 

-n.e. : not cstimated. 

Oltygen and nutrlcnts 

The mean concentration of dissolved oxygen in estuarine 
surface waters ranged from 4 ,16 to 10,27 mgl - ! (Fig. 2). 
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Within this range however, there was higher oxygen satura­
tion at the moU[hs even where they were influenced by 
domest ic scwagc such as the case of river Pra at Shama. This 
was a tt ributed to mixing of water at thesc points. In thc 
lagoons DO concentrat ions ranged from 0,0 in the Chemu 
and parts of Korle to 8,28 mgl- I in the Fosu where large 
phytoplankton populations had oxygcnaled Ihe water 
(Fig. 3). Deoxygenation in the Che mu and Korle lagoons 
was due to e ltcessive discharges of both raw domcslic and 
indusl ria l effl uents into them. Such diseharges were al50 
responsib1e for the high mean BOOs of Ihese lagoons 
(Fig. 4). The presence of large phytoplankton populations 
in the Fosu and the Sakumo Il contributed 10 their high 
BOOs. The elevatcd mean BOOs of the Pra and Ankobra 
eSluaries (Fig. 2) were the reSult o f serious sewagc pollution 
and the prevai ling unclean surroundings. 

g 
• 

Figure 4 
Mea" biochemical oxygelJ demand of IugoOlIJ . 

The mean concentration o f ort hophosphate in estuarine 
waters ranged from 0,012 to 0,069 mgl- i while thal fOf 

nitrale was 0,033 10 1,31 mgl- I (Table 3). The low variation 
in phosphate concentrat ions may bc the result of sorne 
buffering mechanism whc reby phosphorus is fc leased from 
or absorbcd by the sediments depcnding on its concentra­
tion in the overlying wate rs. In lagoon walers, similar 
variat ions in nutrients were observed with the mean concen­
tratio ns of phosphorus and nitrale ranging from 0,0 to 0,859 
and 0,0 to 0,868 mg1 - ! respcctively. The high levels record· 
ed in the Chemu and Korlc lagoons werc due to excessive 
indust rial and domestic disehargcs. Thus vcry high concen-



c. A. BINEY 

Table 3 
Ml'olt eOJI(I''IIrOl;onJ of orlhophosplUlft, nitrole nUrogen and Onlmo­
nia nilrogl'n ill {hl' im'I'stigull'd l'SWOT{eS and [agoons a[ollg lM COOSI 
of Ghana. 

Local ion po.-p (mg 1-') NO)" N (mg I- ') NH)" N (mg 1-') . 

Estuaries 

Volta 0.0 1 7.6 O." 
Dcn5u 0.03 S.l 0.08 
Aycnsu 0.07 O., 0.02 
Nakwa 0.06 0.7 0.67 
Amisa 0.03 0.3 O.'" 
Kakum 0.06 4.- 0.03 
p" 0.07 6.7 O." 
Ankobra 0.06 13.0 O." 
Lagoons 

Kela 0.02 1.7 0.10 
Angaw 0.01 6.3 < 0.01 
Songhaw 0.00 8.3 0.02 
Laiwi 0.01 2.7 0.02 
0'0 0.1).1 8.6 0.01 
Chcmu 0.60 3.0 1.30 
Sakumo [1 O." 1.8 0. 15 
Kpcshic 0.11 3.- 0.30 
Korle 0.86 3.0 3.97 
Sakumos 0.03 '.8 0.01 
Oyibi 0.08 2.0 0.08 
Muni 0.07 0.3 O." 
Nakwa 0.07 0.3 0.50 
Amisa 0.03 0.6 0.70 
Fosu 0.07 0.2 0.26 
Beny .. 0.02 0.0 0.10 

trations of ammonia nitrogen (Table 3) were reeorded in 
thesc lagoons. In well aerated waters, ammonia is readily 
oxidizcd through nitrite to nitrate. This should aecount for 
the ge nerally low mean concentrations of ammonia-nitrogen 
in thc estuarics and most of the lagoons. 

pli, temperature a nd transparency 

The coastal waters had an alkaline staws. This was true for 
ail the lagoq ns and the estuaries wi th the exception of that 
of the Ankobra. The gene ral alkalyne state is partly due 10 
the influence of sea wateT which has a pH range of 7,5 to 8 ,4 
( Riley , Cheste r, 1971). 
Surface waler tempcratu res ranged between 22 and 36 oc. 
The higher value recorded for the Chemu lagoon at Tema 
was the result o f thermal pollution originating from indus­
trial sources. Il is significant 10 note thal no fishes were 
observed in this lagoon. 
Secchi dise transparency readi ngs ranged from a mean of 
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11 .25 cm in thc muddy waters of the Pra estuary to 214,3 cm 
in the dea r walers of the Yolta estuary (Fig. 5). In the casc 
of the estuaries of Pra and Ankobra , low transparency 
readings rceorded we re mainly due to diseharges of muddy 
effl uents from mining operations in their catchment zones. 
ln sorne lagoons such as Fosu and Sakumo Il dense 
populations of phytoplanklon (up 10 8000 counts/ml) were 
responsible fo r the low Iranspare neies. The surfacc waters 
of the Yolta estuary were very clear with a mean Secchi dise 
Iransparency of more than 200 cm. This was attributed 10 a 
dam al Akosombo (Fig. 1) be hind which the bulk o f the 
Volta's waler colleclS and sediments, resulting in clear and 
silt free waler downstream. This clarÎly, coupled wilh the 
shallowness of the eSluary as weil as the gencral warmth of 
the waters c ncouraged the growth of submerged aquatic 
weeds such as Vallisneria, CeralOphyl/um and POlamogeton. 

C lassification or estuaries and Jagoons 

Rive rs have been classified in lerms of pollution based on 
BOO, DO , turbidily and occurrence of pollution discharges 
( Report of a River Pollution Survey of England and Wales. 
1970) as follows : 
a ) ., unpolluted and recovering from pollut ion ": wate rs 
with BOO of less than 3 mgl- I , which are weil oxygenaled 
and are known to have received no polluting diseharges ; 
b) .. grossly polluted ": waters which have a BOO of 
12 mgl - I or more under average conditions or are comple­
tely dcoxygenated o r arc the sou rce of offensive smells; 
c) belween the two exlremes arc walers of " doubtful or 
poor quality " and needing improvement. 
However, in the tropics where reactions involving oxyge n 
utilisation take place at higher tempcratures, it may be 
neeessary to shift the lower BOO limit 10 arou nd 4 mgl- I fo r 
eSluaries and 6 mgl- 1 fo r lagoons and the upper limit in 
excess of 12 mgl- I . Bascd on this crile ria , the estuaries of 
rivers Volta , Kakum , Amisa and Ayensu were classified as 
unpolluted and those o f Pra , Ankobra , Dcnsu and Nakwa 
as of doubtful quality. Despile the low mean BOOs 
rccorded in the Dc nsu and Nakwa estuaries (Fig. 2) , they 
arc known 10 receive sorne polluting domestic diseharges 
whieh wcre indicated by the high total algal eounts in thesc 
cSluaries (60-182 counts/ml). Of the 16 lagoons, 12 wcre 
classified as pol1uted to various extents. While the Korle 
and Chemu were grossly pol1uted , the Keta , Gao , Kpcshie , 
Sa kumo l, Oyibi, Nakwa , Amisa and Benya were only 
sl ightly polluled. Although the Sakumo " and Fosu lagoons 
had very high BODs (Fig. 4) , they could not be eonsidered 
grossly pollutcd since they do not reccive excessive polluting 
diseharges. The Oyibi lagoon , although fed by the unpollut­
cd Ayensu river was nOI weil oxygenated and appeared 
turbid. The Laiwi, Angaw, Songhaw and Muni lagoons 
werc unpolluted. 

; , 

Figure S 
MI'QII $l'uhi dise rrQ/lSpareney . 



lkach poUullon 

Along the ~achcs of Ghana , the major source of pollution 
was domcslle scwage. There arc no sewage treatment plants 
i~ Ghana and raw domestic as weil as industrial sewage arc 
dlscharged fro m coaslal towns and cities on to the ocean 
front . T he practice of dumping raw human excrela en masse 
on bcaches or in near·shore waters still conlinues. ln areas 
where propcr sanilary faci lities were nOI available, residenls 
uscd the bcaches for such purposcs. 
Tema has the only satisfactory d isposai system in the fonn 
of an outrall one mile o ffshore which discharges bol h 
domeSlic and ÎnduSlrial scwage. Even here, t.he problem o f 
sewage pollulion of Ihe ocean front still existed especially in 
a.djacent settlements !ike Tema New Town. Scwage pollu­
tion oceurred nonunifonnly aleng the coastline and was 
usually observed in areas of high populalion. Thus, the 
concentrations o f plastics and metallie objeets (Table 2) 
followcd Ihis trend. Charcoal, which posscsscs the abitity 10 
floa t, appesred 10 bc distributed almost unifo rmly along the 
coastline. 
Other problems were those of oil, logs a nd coasta l erosion. 
Po llution by o il in the fo rm of tarballs was commo n. 
However, Isrballs occurred in uneven concentrat ions which 
did not folJow aoy clear pattern . Oil is bclieved to originate 
mainly from extemal sources - tanker traffie--along the 
Gulf of Guinea wbcre any surface o il would be expected to 
~ve under the infl uence of the prevailing currents and 
wmd 10 be stra nded on lhe beaches of countrics from Ghana 
to Camerou n (Pon man , 1978). Il is also likely thal sorne oil 
may originate from pon d ischarges but the establishment o f 
the diffe rcnt sources is yet to be undenake n. Tarballs 
generally cecurred in pcbble form bul large blotches of 
semi-liquid oil were also common. 
T he problc m of logs was serious mainly in the 5ekondi­
Tako rad i arca whcre timber is exponed from the harbou r. 
In the Tema area abandoned and Slra ndcd fishing vesscls 
close .to the shore were common. Ponman (1978) reponed 
Ihat IImber was floa ted down the Ankobra and Offin rivcrs 
in the (onn of rafts to the coast for direct expon o r 
proccssing. He indicated that some timber may break free 
and be found later e ither float ing at sea or stranded o n the 
beachcs. Aise where logs were processcd the re mnants wcre 
discarded inlo coastal waters. However investigations have 
revealed Ihat timber has been transponed by road 10 the 
coast in Ghana since the late 1940 sand mOSI of timbe r 
processing OCcurs inland (major processing centres being 
Kumasi, Oda and Nkawkaw) with Takoradi bcing the only 
coastal tQWn where any serious limber proccssing occurs. 
Even here lhe re mnants of processing arc useful as cushion­
ing material in the poultry industry and 35 fue l in homes. 
CoaSlnl erosion was panicularly serious in the Keta arca 
becausc no serious effons have been made to check this. In 
the Sekondî. Shama and Axim areas erosion has been 
checked by the erection of walls of granite blocks. Alt hough 
coastal erosion may be associatcd with the conslruction of 
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pon faeilit ies ( Ponman , 1978) the low Iying nature of the 
coast land such as in Ihe Kela area may bc a crit ical facto r. 

The ~ (or control 

T his survey has shown that the major sources of pollutio n of 
the coastal environme nt of Ghana we re domestic and 
i nd~st ri~ 1 scwage and oil. Il is tikely that agricu[tural wastes 
mamly m the fo rm o f persistenl pesticides arc an important 
source bul fac ilities for their detc rminalion arc unavailable 
al the moment. The degree o f sewage Ireatment and the 
d isposai .praeticcs were fo und unsatisfactory. Such praclices 
are delnmental 10 human health in the transmission of 
disease by eithe r the ingestion of conlaminated sea food or 
by di rect body contact wit h pathogens in waters. If untreat­
cd domcstic sewage is d ischarged into relatively still waters 
wit h poor water cxchange 5uch as lagoons and estuaries, 
deoxygenation of the receiving wateTs may oceur. If accu­
mulatio n excccds degradation the sediment becomes anae­
Tobic leading to fouI smel1s as in Ihe Korle lagoon. This form 
of organic load ing can to a large extent be overcome by 
$Cwagc treal ment plants although this will not significanlly 
reduce the number o f pathogenic organisms. A simple 
remcdy wou ld bc to discharge thesc waSles weil into the sea 
through pipelines. Here il would bc neccssary to conduc! 
baseline studies and understand 50ch local cffccts as current 
and wind direction. T hcrc is al50 the need to establish in 
greater detai l the location, volume and concentrations of 
organic wastes and metals 5uch as mcrcury, coppe r and 
cadmium in industrial d ischarges as weil as lheir effects on 
the marine environment. The adaplation o f remed ial mea­
~urcs 1?tfore t ~e truc nature of a problem or even pr()()f of 
Its eXISlence IS established could result in a waste of 
resources. Oil, while not a direct threat to human health 
can tai nt scafood and may al50 pcrsist in the tissues oi 
marine organisms. Oil pollution has been auributed prima­
rily to maritime transpon but available information is 
Inadequate. If this could bc confinned , then the only 
measurc would bc to ensure that pressure is brought to bcar 
~n the . major tan~er fleels 50 that t.hey comply wilh 
mternatlonal regulatlOns. To make Ihis possible , Ghana will 
al50 have to provide the neccssary shorc receplion facilit ics 
(pon man, 1978). 
Finatly, there is a need fo r educat ion in the causes o f 
environme ntal pollution and on how it can be preventcd and 
cont rol1ed at ail levels of the populatio n. 
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