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INTRODUCTION:

Coastal arcus o the world are knowa tor ther high prmluclivil\ with rq.gardﬂ
lq,t;ahm'-.. lranspormlmu sports and associated maritime activitics (Eklin, 1993).
great and increasing part of the world's papulation live in these arcas and are e ;mwd
o uncontrolled dumpm_&_, aind discharge of domestic, municipal and industrial wastes
from human activities. The Nigerian coastal zone plays a major role i the economic
development of Nigeria. Apart from being a major contributor to the domestic lish
sypply, it also contributes about 23, 486,000 tons of oil annually to the Nigrerian
ceonomy (Wotld Resources, 1990). The Nigernan coastline stretches over SO0k
from Bakassi in the cast 10 Badagry in the west. The Ibeno coastline where the siudy
was carried out covers a distance of about 10 km of the Atlantic Coustline it lies
berween Latitude 4¥32" and 4"36" N and Longitude 8°00” and 8°16"E. The foreshore
is flat and characterised by low gradient and fine grained sand with numerous beach
Adges. Al the lowest tide. the active beach measures about 130m wide. The beach
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is rather hird and dewatered and the sediment is composed df' micaceous and
calcarcous minerals (Asuquo ¢t a) 1995).

Reports on the coastal oceanography of’ Nigerian coastline is very scanty.
This Study aimed at assessing the physicochemical characteristics and seasonal
vamiations in the wirter quality of the Ibeno coastline, Nigeria.

METHODOLOGY:

A total of 84 samples from surface and interstitial waters were collected for
chemical analyscs. Samples were taken during high, low and slack tides at hourly
intervals at an anchor station (Fig 1). Surface samples were collected using plastic
buckets and interstitial waters collected ﬁ'om ecologlcal borcholes of maximum depth.
approximately 30cm.

Insitw/Field Measurements

Water temperature, pH and dissolved oxygen were measured on site,
Dissolved oxygen and water temperature were measured with oxyguard Handy MK
)l electronic meter (sensitivity +1.0%). BOD; was measured afier five days.of
incubation at 27°C as a differénce between initial and final DO with Oxyguard meter.
pIi was moasured with WTW LF-90 electronic meter.

l.aboramry Analysis. ‘

‘ Water samples for physicochemical analysis were collected in 1-litre
polytethylene botties and stored in cool box at approximately 4°C before analysis in
the laboratory within 5 days of collection. \Water sainples for total hydrocarbons
(THC) were collccted with 500ml brown glass bottle sealed thh aluminium foil until
extruction within 5 days of collection. . All analyses were carried out urénvxronmcmal
Laboratory, Institute of Oceanography, University of Calabar. All nutrient samples
were filtered at low vacuum through 0.45um membrane filter,

Physicochemical and Chemical Analysis: .-

Turbidity and colour were measured spcctrophotomcmca“y accordmg to
HACH (1990). Nitrate was measured. as nitrite after reduction in a copperised
cudmium reduction system (Pan;onism al, 1984). Ammonium was measured by
direct Nesslerization method (Parsons'gt al, 1984). Phosphate and silicate were
measured spectrophotometrically by molybdenum blue method (Parsons gt al, 1984).
Chemical Oxygen Demand (COD PV TEST) was measured titrimetrically (Rodier,
1975) while total hydrocarbon in water samples were determined by the
‘spectrophotometric method after extraction with n-hexane and subsequent
concentration of the extract by evaporation (Rump and Krist, 1988,, HACH, 1990).

RESULTS. .
The levels and concentrations of the physicochemical parameters, nutrients
and THC in the surface and h\terstnlgal waters duning the dry and wet scasons are

139



Sceasonal cliapges e water quality

presented in Table . Fuss 2(a) ~(i) show the wemporal or seasonal vanations ot the
measured parameters. pll shawed remarkable vanaton trom acidic 1o allcline
medium, Fluctuations in DO was normal except tor a decreasing trend in the wet
scason. The coastline was generally marme (saliniy =13.0 ppt) except in the wen
scason (August) where the couasta) salinity was influcnced by dilutions fiom iand
drainage and much precipitation. The organoleptic parameters (turbidity and colour)
varied from 39.75 - 252.6 (FTU) and 204.4 - 433.9 {(P1. Co. unit) in the drv scason
and 24,8 -67.2 (FTU) and 152.1 - 296 {Pt. Co. unit) in the wet season.

PQ, (0.005 - 0.023mg/1) and SiO, (0.34 - 0.86mp/1) levels were low while
NH, (2.7 -3.2 mg/1) were observed to be high io both dry and wet scasons. NO, was
low in the wet season (0.19 -2.12 mg/l) and bigl in the dry season (4.39 - > 2inw 1)
THC levels were higher in interstitial than surface waters in both dry and wer seasons,
The measured concentrations were 3.31-25.560 mg/] (dry) and £.51-1 67 me/t twet)
w interstitial water and 0.45-0.50 mg/1 (dey) and 1.30-2.18 mg/ 1 (wet) in the surface
walers. =
DISCUSSION: ;

The coastal zone is a highly dvoamic environment due o the close proximity
of the water columnn to the benthos, Pronounced changes in water quality is evidenl
especially when the shoreline receives inflows from fresh water discharue. Adjomning
the lbeno shoreline where the studly was carricd out are the Cross River estuany to the
east and Qua lboe River estuary to the west (Fig. 1). Fresh water discharpe (inland
drainage) from these estuaries contribute immensely to the observed changes in water
quality. During this study, the pH values showed moderate acidity (5.65-6 7) in the
dry season and ncutral 1o alkaline (7.2 -8.35) in the wet season. The acidic nature
observed in dry scason for the surface and interstitial waters might also be associated
with bacterial nitrification processes. Tidal'resuspension of organic detritus in the
nearshore which acts as substrate for bacteria leads to tncreased nitrilication in waler
column (De Vries and Helder, 1983) resulting in elevated hydrogen ian
concentrations especially in the wet season (Boyd, 1982). The pli levcis observed
in the wet season depicl normal ocean pH for surface waters and is quite constant due
to the great buffering capacity ol the oceanic system (Sverdrup gf ol. 1942). Water
temperature for surface and interstitial water lor dry season (Table 1) were observed
10 be within the accepuable limits (FEPA, 1992) (or coastal waters (less than 35"C).
The wet season months showed a low temperature range (Table 1) though shightly
high in the month of Muy but within the acceptable range (FEPA, 1992)  The pH
variation in surface water was comparable to the interstitial waters

Turbidity of the surface and interstitial waters tn November wits observed 1o
be very high. Turbidity levels for January, may and August were however low. The
highest turbidity in November could be due to addition from harmattan dust which is
prevalent at the onset of the dry season. Generally, high turbidity values observed
were attributed to turbulence gencrated in the coastal zone due to the constam
impingement of the shoreline by the swash aclion of waves. These perturbations ol
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the underlying sediment releases much particulate matter into the water column,
Turbidity decreased from dry’scason to wet season during the period due to dilution
from high fresh water diseharg'e"ﬁ'om the ncarby Qua Iboe River estuary (Fig 1).

' .\ .The levels of dissolved oxygen in surfhce and interstitial waters in dry and wet
seasons (Table 1) were observed to be lower than the dissolved oxygen range in
tropical constal waters (6-8 mg/1). Temporal variations in DO (Fig .2¢) showed that
higher levels were measured in the dry than the wet season. This is confirmed by the
reductive potential values of the environment showing oxidisability in the dry and

* primasily reducing in the wet scason. Reducing conditions can arise in natural water
only where the consumption rate of oxygen exceeds that of supply (Deuscr, 1975).
In marine environment, the consumption rate of oxygen is intimatcly linked to the
oxidation of organic matter (both living and dead) and the dissolved oxygen which is
used id this oxidation is derived from the aimospherc and photosynthesis. Low levels

_of DO induces stress to aquatic-organisms and can lead to an anaerobic state. DO was

" higher in the surface than interstitial waters.
Diochemical Oxygen Demand (30D,) in bath serface and interstitial watess
in dry season were low (below 3.0mg/1). The low values detected may be due to the

" presence of high population of niicrobial acrobes utilising available dissolved oxyvgen

l.rl'or degradation activity. The presence of tar balls on the water surface and beach
(Asuquo ¢t gl, 1995) adds to the particulate load of the environment and thus the
depletion of oxyuen. The wet scason results showed a higher value in both surface

" and interstitial waters in May than in-August during the period.

111+ The levels of chemical oxygen demand in surface and interstitial waters in both
seasons were low (X1.04 my/1). - This' low levels could be due to the presence of:

* high concentration of ocenic debris including tar balls on the water and beach surface
(Asuquo ctal, 1995). This suggests that the coastal nearshore waters arc moderately
contaminated. |

v The colour of the surface and interstitial waters were observed to be high

(Table 1) in both dry and wet seasons. Temporal variation (Fig. 2d) showed higher

-7 levels during the dry than-the wet season. The minimal increase in the month of May

might be due t0°enhanced salinity caused by transient stationary state of the outer

estuary (Small gt al, 1972) (onscerof rains) which enhances flocculation process

resulting in the precipitation’ of clayey-silt particles that contribute 10 turbidity and
colour. Colour decreased from dry to wet season.

" The levels of ammonium in surface and intersitial waters in dry and wet

seasons (Table |) were observed to be higher when compared to the maximum

‘amount of ammonium found in marine waters (0.025 mg/1) (Wheaton, 1973).
Temporal * variations (Fig. 2e) showed that dry season months had “higher

‘concentrations than the wet season months. During the dry season. intertidal portion .
of the beach are occupied by tourist and visitors for recreational activities such as
hockey, football etc. Human wastes are usually littered on the beach face which can
contribute to ammoninin/ammonia build-up in the waters. - _

Nitrate levels in surface and interstitial waters for dry season were observed

~.*N\

o 141



T Seasonat changes in water quality

(o be higher than the World's ocean ranges in the Tropics (Wheaton, 1972). These
ocean ranges can only be compared to wet season values (Table 1) in Ibeno co.stal
waters. During this study, nitratc levels were higher in drv than wet season (Fig .21)
This confirms the report of Wheaton (1972) that nitrate concentrations arg higher than
ammonium in surface waters, The interstitial waters were also observed to have
higher concentrations-of nitrate than even the surface waters attributed to nutrient
scepage.

The lcvels of silicate in surface and interstitial waters in both seasons (Table
1) were observed to be lower than the World Ocean ranges (South Eastern Atlantic),
0.75-6.0mg SiO/1; Equatorial Pacific, 0,75-12.75mg Si0,/1; Indian Ocean, 0.35-2.25
mg Si0;/1 (Wheaton, 1972). Temporal variations (Fig. 2g) showed that the mean
concentration measured during the study in August was the highest in both surface
and interstitial waters. In the dry scason, (November and January), almost similar
concentrations in both surface and interstitial waters were observed. This is attributed
to much requirements of silicate for building of biological cysts and spicules by certain
specics of yellow-brown algae and sponges (Wheaton, 1972). Also in wet season,
marked concentrations of silicate appeared to depend on exchange of siliceous
matcrials between water and the bottom sediments and rate of break down of plants
containing silicon (Wheaton, 1972).

The levels of phosphate in the surface and interstitial waters in dry and wet
seasons studied (Table 1) were lower than previous observation along the West
Coast of Africa, 0.076-0.24 mg PO,/1 and the World's Ocean (Whealon, 1972)
These values clearly indicated that levels of phosphate in our coastal waters are fur
below the World’s ocean values. Temporal variations (Fig. 2h) show that mean
concccﬂations of phosphate was higher in dry scason for both surface and
interstitial waters than the wet scason. The difference might be due to much inflow
of water through rivers and precipitation during wet season that aided the dilution
of the dissolved phosphates in the nearshore waters. On the other hand, phosphate
concentrations present in water may be reduced through absorption by bacteria,
phytoplankton and macrophytes (Rigler, 1959, 1964; Hayes and Phillips, 1958).

Total hydrocarbon (THC) levels in surface and interstitial waters in both dry
and wet seasons were high (Table 1). Mean concentrations showed that the month
of May had the highest concentration in surface waters, while the month of November
had the highest mean. concentration in interstitial waters (Table 1). The high
hydrocarbon content measured in November in interstitial waters might be due to the
degradation of buried tur balls in the intertidal portions of the beach (Asuquo ¢t al
1995). Hom gt al, (1970), had described many of the characteristics of tar balls.
The lumps contain the low boiling fraction of the crude oils suggesting that the
particles could be rclatively young with ages perhaps wecks. The high temperature
in November could melt the low boiling fractions which can seep or percolate down
the sediments. Temporal variations (Fig. 2i) showed that THC in surface water was
higher in May at flood tide. This remarkable observation might be due to low rate of
evaporation in the occan due to low temperature. Also the interstitial waters had
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higher concentrations in dry scason months than wet«<eason months. However these
concentrations may be compareéd to the work of Riley and Skirrow (1975), where
they found petroleum hydrocarbon levels in Baltic Sea to range between 0.3-1.0
my/l. In this report THC levels at surface were higher (ranged 1.30 -2.18 mg/1) than
concentrations found in the Baltic waters. Temporal variations (Fig. 2i) revealed that

November, January and August had higher levels of T FIC in interstitial waters except
May.

CONCLUSION:

I'rom this siudy, it has been shown that:

() The waters of Tbeno Atlantic coastline are moderately acidic in dry season and
alkaline in wet season.

(h) Temperatwe for the coastal waters are within the nu.c.ptablc limits (FEPA
1992), less than 35°C .

(c) The BOD and COD valucs as reported suggest high conceniration of
particulate matesial in the system which also contributes to the low dissolved
oxygcen content and turbidity of the water.

(d)  Ammonium and nitrates were higher while phosphates and silicates were
lower than the World Ocean ranges,

(¢)  THC levels observed were higher in the dry scason and interstitial waters than
the wet season and surface waters

{)] Temporal variations showed marked seasonal difference tor most of the
paramciers investigaled. Much more research is necessary to fully
characterisc this coastline.

(8)  The management of coastal waters is presently receiving world-wide
attention. This report therefore serves as an environmental tool and baseline
-data lor asscssing and solving ecological problems that may arise from
anthropogenic activities.
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Table 1. Results of Physicochemical, Organolepti, Nutrients, and Tolal Hydrocarhon measurements for dry and wel seasons aiong Ibeno Coastline, Nige i
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iW = Intersiitial water.

lparamETERS NOVEMBER. 1998 JANUARY. 1997 MAY. 1997 AUGUST. 1997
DRY SEASON WET SEASON
SW LW SW lw Sw LW SW fw
[pH_ 67008 Jesiso9r  lesns2im ‘.ﬁsuwi 72006 (1352007 _ [835s007  Ja2+010
W Tempenwe (0C) 912140 P93e20 _ pozs iy 10214 Pwycom  peseons Psyeosy  Da7-009
[Dsebved Oogen(mem  |59+97¢  l5042330  [s3237s  [sseroe  fsoe0yr  Pereom Jissson  Josweom
[cootuctviy (micmy 12949 [78-a8 boyzios [Mss2ss Peassa 05+21  |10g6:03 (43020100
Tasbidity (FTU) 2526503 |100-2656 |1975-52%9 w4915 J672s364 16306 |ise334  frasanny
[Boo 5 162248 haetn haseiss hiieos 394132 1532061 [04+03 [0.16 3007
lcolow ¢Pt o, ity 433923355 (165023593 |308823574  [044-179 295340 wese 92 sz isie  fis212492
* {Total Hardness (e wors- 19 boss-xos  lnosmer  baresses  bsoaims  lworrisns lwress  fussaaws
foul Abalinity(mg?) 18045308 oseaz7  osasoinss  loisms  loso-iyes  |uars  |mareus  iossaé9
339543807 831302 fNISSa2anzd hiadgaeninsr |imssa-19918 |ma113e7553 |Mea5+1207 faose- 958
073923073 |U7a8-18) lissa-97s  loavamm9 hisisaeine  |insgdsiose [ssessimsd  [sm72122
Sallity (ppt) 14852 fis2-a8  loosesss  Imgez0  busein B4+136  lewre0ss  [raecousn
Ammomues (Dg/1) J2 -t |325-.33  dBa0M §0+020 _ [3n-08 2040226 |13 -nme  [2916:0.1%
Nitrate (1) awreasol sa0-vier  jaonazad  [sovsons  lore-oms  losenis Joswsass  |ar2eom
Phosrhate imz) ooti-30s fooits o7 looadws  loasssvont  hig-0.m r@:\g looos zun__Joano s 00
icate (mafl) 31-011_ Jo633- a3 _c..E 505 + 008 rmtn 094 r%\*m”.._.a 15 £ 0.0% 360 & 0.0
[Toattivcarson ety |1 %0037 lasssoiess bozesss  fasiens aisc0m  lisigora fiwson  uer-tos
SW = Surface wacer
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