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ABSTRACT

A study was undertaken to determine the total hydrocarbon (THC) and heavy
metal contents of water (surface: 0-15 cm and bottom: 2-13 m), sediments
(intertidal and waterbed) in coastal areas of Cross River and Akwa Ibom
States of Nigeria affected by a major oil spill in 1998. Water and sediment
samples were collected in the dry (March and December) and wet (July
and October) seasons between 1999 and 2002. Significant spatial variation
(p < 0.05) was observed for THC and heavy metals. THC (mg/L) averaged
0.998 for surface and 0,827 for bottom water. All heavy metals of interest:
chromium, copper, cadmium, lead, iron, manganese, zinc, and vanadium
were present in samples and sediments contained significantly higher
(p < 0.05) THC and heavy metals than water. Concentrations of THC in water
and sediments exceeded World Health Organization’s limits by an average
0f 0.9979 and 0.8269 mg/L in surface and bottom waters respectively.

INTRODUCTION

Aceidental spills of petroleum and its products occur [1]. There were 5,334 spill
incidents reported in Nigeria between 1976 and 1997 involving 2.8 million barrels
of oil released onto land, swam estuaries, and coastal waters [2]. Materials
discharged into coastal areas are found in the water column as well as sediments
in open sea areas. Persistent hydrophobic contaminants have a strong affinity
for fine-grained particles and consequently their sorption and settling into the
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sediment is a major removal mechanism while river-borne particles and sediments

act as carriers of contaminants and there are periods of re-suspension, transport
and sedimentation [3].

MATERIALS AND METHODS

Nine sites on the Cross River, Calabar River (a tributary of the Cross River)
and Ibeno coastline were studied. The study areas were located in both Akwa Ibom
and Cross River States of Nigeria: Calabar River Estuary, Oron water-channel,
Ibaka water channel (also called Tom Short or Jamestown), James Island; Tkang
water channel, Calabar River at Odukpani, the bridgehead at Ayadehe; Qua Iboe

terminal at Ibeno and Ifeta, the reference location. These were labeled 1 to 9
respectively as shown in Figure 1.
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Figure 1. Map of Akwa Ibom and Cross River States showing
the study locations.
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prcdormnant Thc SO

fnj[4] and alluvxal along cdasta,‘
areas’ of Cross R]VEI‘ Vi

iments- ‘were sampled usmg

for 48 hours.
Added to 250 ml of each water. sarnple was 1001 b

hf/drocarbon content

19 air-dried sedi-
ment samplc was extractcd ‘with redlstxlled n-hexane "cin, th_e otal hychocarbon

determined using’ “Hach! 'spectrophotometer model DR 2430 hm: heavy
metals, 1 g alr-dned s&;-shment sample was mllledvm.a m heated to reddish
brown in.a: furnace coelad and moistened w1th de-mm; "_ater Then 1 ml of
60% perchlonc and 20 ml of 40%: hydroﬂuonc acids; »addedr and’ heated
to dryness ina sand bath to approximately: 180°C :andcooled; 15 ml of 10%
hydrochlarfc acid v was. added and heated in a cleégdcmclb toidryness [8], andlthc
concentratlon of’ metals in. water and sednmentszdetcrmmed_:usmg)j ant atormc
absorptlon spectrophatometer (AAS).

RESULTS

The mean total*hydrocarbon contents of the surfa tom waters during’
the dry and wet seasons were 1:34, 1.16 and g/l respectively.
The mean ’I‘I—IC and hgavy metal contents for water, and‘i sedlfnents are ‘shown
in Figures 2 thru 5. I E

In strface’ water a posmve correlatmn (p <0 05) was observed between
water temperature and THC {r.=0.70); negatwe correlanons between THC and
pH (¥ = =0 :81), TSS (r = 0:80); turbidity (r = =0. 93) -and: salinity (» = —0.81).
Sungle lmear regr‘esswn was used to establish relatlonslups for THC, chromium,
and. magnesmm in water:

THC —081+04ICI(R2*026 R.a2 022 SE = 0.4536, N = 18)
THC,, —-072+0.001mg(R1“023 Ra*=0.18, SE 0.46303, N =18)

Iron was!the dominant metal'ifi both rainy and' dry seasons in water and inter-
tidal'sediments, Most waterbed. 'sediments contained; hlgher copper concentrations



Figure 2. Mean total’hydrocarbon content (THC)
- of the water (mg/l).
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Figure 8. Mean sediment hydrocarbon content (Mg/L).
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and chrormum in water

DISCUSSION
The highest water THCs were: obtained in the late dry season (March) and the
least i m th ramy season;and-‘ these observanons were lower than reported earher

type. of o11 sprlled (Clase A:i ThlS*ClaSS ef crucleroﬂ is- 11ght volaule and generally
ﬂarnmablc when fresh) t:ldal regrme and the peno of | sarnplmg There was a

atﬂood thanebb tide [133 However durmg thisistudy; > 8

1 (Calabar IRiver Estuary), ;and 2 (Oron water ch‘_ ; 'cordhd TI-IC vaiues
greater: than«pre»splll values. This. observation could: h e;-been doe torthe gradual
degradamourof tar balls’ burred in: thersanﬁl -and the lower THQ levels observed in
the ramy season could be due to dilution effect

Heavy metals are deﬁned as rnetals havmg densntles gredterthan 5 g/cm?, Tlllese
are s sources of metal’ toxmrty as most. orgamsms are - 111—equlpped to metabolize
them in: large concentrauona5"[l4] The baokground levels of metals for Afncan
Tivers were: nCadmmrn 10.02, Lead — 3,rCopper —7.0, Zinc — 20;; Manganese T
and Tron = 40 ug/ml [15] and! coastal waters: Cd.— 0. 01 Pb—0.03, Cu =105
Zing — 2.5,}Mn. = 0.4, and:Eeir 2:0, ug/ml jj.respectwely [16]. Increased levels
of heavy metals have been attnbuted to- local pollutlon [17]. Chro,mlu was
present iin exeess of 0. 05’ mg/L allowed in!drinking water at some sta T
observed concentrauons of |copper we}reklokafthan 5.8-600 u/L recommended
by USEPA. [1 81, the Federal Enmonmental’ Protection Agency limits of <1mg/L
[19] and: the background concentratlen for rivers [20]: Copper had previously
been recordecl as 3.2 pg/l for Calabar RIVGIL[Z].]

Many stapons recorded higher concentrations of cadmium than FEPA recom-
mended hmlts of<1 mg/L and ]E)PR limitsof 0.01 mg/L Cd. ngher concentrations
of lead were obtained in the’ dry than's Iamy seasons; This could have been due to
a reductxon;m the water: Ieyebs durmg the dry season thereby causing greater
concentratrons of pollu;ants to be recorded ‘This, observatlon was similar to those
of other workers [13, 22]. Vanadlum s important as an indicator of petroleum
pollution be’cause oil is ‘oned‘ffﬁe major contributors of vanadium to the environ-
ment [23]: Nrgenan Crude Olls contain 0:9- 2.8p ppm of vanadium [24]. The mean
vanadium content in. ranged it 125 and 2 25 ppm in surface and bottom waters and
3.58 to 4. 32 ppm in mtertxdal and ‘waterbed sediments respectively. Sediments
varied within the study area and there were variations between intertidal and water
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bed sediments at same locations. The sediment particle sizes obtained ranged
from fine, medium, and coarse sand to mixtures of silt and clay. The sediment
particle size directly influences the presence of pollutants. The dynamics, vari-
ability, and availability of pollutants like hydrocarbons and heavy metals depend
mainly on sediments and its characteristics. Sediments made up mainly of
silt/clay fractions retain more pollutants than sandy sediments [25]. The concen-
trations of heavy metals in sediment more than in water reflect the extent of
impact by industrialization. The presence of heavy metals in sediments over
the background levels indicated anthropogenic inputs [26].

Fe was the dominant metal in the sediments in both seasons and. tended to
depend on the silt/clay fraction. Higher concentrations of cadmium were recorded
in all the stations than both the continental crust and unpolluted sediments
for inland water, which could be due to greater inputs of cadmium into the
environment through human activities like poor chemical use and disposal.
Lower concentrations of copper, lead, manganese, and zinc were reported
than present in unpolluted sediments, continental crust, the Niger Delta Area of
Nigeria, and the Atlantic Coast. The concentrations of THC obtained during
the dry season in sediments were higher than the values obtained fo the Niger

Delta area [27]. The highest concentrations of THC were recorded close to oil
activity sites (Station 8).

CONCLUSION

The sediment types and water quality varied with locations. Higher concen-
trations of THC and heavy metals were encountered in sediments than water. It
was recommended that there should be regular monitoring and enforcement
of environmental regulations. The release of heavy metals and oil into the
environment should be controlled. There is a need to involve all stakeholders
in environmental management, protection, and decision -making. -
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