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Abstract

The zooplankton, sub-tidal benthic fauna and the physicochemical parameters of surface water and soil samples
of dredge spoil obtain from Alakiri oil fields in the Niger Delta of Nigeria were investigated. pH values of
surface water were slightly alkaline (7.2 to 7.6) while dredge spoils soil were acidic (pH 4.50 to 5.50). Nutrient
parameters were generally low (N=0.02-0.06; P=2.08-8.72; K=0.06-2.76) and organic carbon contents of the
soils were also low (1.36 to 3.19%). Other Nitrogen related parameters (NH4 = 2.16-15.20; NO2 = 1.54-5.20)
suggest a slow rate of nitrogen mineralization in the dredge spoil soil. Copepoda constituted the bulk of the
population of zooplankton representing 94.5% to 99.1%. Thirteen subtidal benthic macrofauna species
comprising 9 species of Polychaete, 2 of Crustacea, 1 specie of gastropod, and 1 specie of fish were
encountered. Three species (Nereis falsa, Nephthys sp and Capitella capitata) were common. Changes observed
in the benthic community are the presence of the bivalve, Donax sp which occurred in most stations. Also
peculiar was the relatively high density of Capitella capitata in most stations. The occurrence of these species is
attributed to dredging activities which have changed the river bottom to be sandy as against its original muddy
nature. The relatively high density of Capitella capitata in most stations is attributed to the accumulation of
petroleum hydrocarbon in the study environment
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INTRODUCTION However, these studies did not evaluate the
The Niger Delta is the major source of over 90% of distribution by dredging activities on the water
Nigeria’s crude oil. The environmental degradation quality and biological resources. It is on this basis
caused by oil production activities is one of the that efforts are made at investigating the effect of
reasons for social unrest in the area. To this end dredging and slot cutting of the inter tidal areas of the
emphasis is often placed on the environmental effects Alakiri and Orubiri oil fields, located within Oil
of oil spill in the area. Other activities that alter the Mining Lease 18 in the Niger Delta, where dredging
ecology of the environment is excavation of the and excavation activities for slot cutting to gain
mangrove swamp for slot cutting to gain access to oil access to oil wells and pipe laying was undertaken in
wells and pipe laying, dredging of the river channels the environment.
for sea crafts. These activities alter the sediment
properties of inter tidal and bottom sediments. A MATERIALS AND METHODS
general survey on the physicochemical conditions Study Area
and the biological resources of the Niger delta were The Alakiri and Orubiri flow stations service the oil
reported by RPI (1985). Chindah and Braide (2001) wells that are located within the coordinates of 4°
reported the susceptibility and sensitivity of 35N and 4° 45'N and 7 10°E and 7° 15°E in the Niger
biological assemblages in various sediment substrate Delta of Nigeria. In the area, dredging, slot cutting
types. and right of way clearing activities associated with
the laying of the Nigeria Liquefied Natural Gas
Some studies had earlier been carried out to pipeline was in progress during this study.
determine the benthos communities of the Bonny Specifically, the 12" Associated Gas pipeline, the 24"
River in the Niger delta in relation to oil spill impact. Bonny-Alakiri and the 6" Bodo petroleum delivery
Hart and Chindah (1998) reported the distribution of lines are constructed in the study area. There are also
epimacrofauna at different substrate type and found slots for oil wells dredged to gain access to wells
more organisms in the hard chikoko sediments than number 2,3,4,5,6,7,8,11,14,20,29 and 32 in the
in other substrates in the Niger Delta. From these Alakiri field and wells 3,4,7 and 11 in the Orubiri
studies it is apparent that altering the bottom field (See Fig.1l in attachment). These installations
sediment by dredging, excavation and the deposition have resulted in the production of dredge spoil in the
of dredge spoils will ultimately affect the community study area.
structure of most benthos communities.
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In the Alakiri fields the estimated total area of dredge
spoil obtained from 10 heaps is 539.4 m? with an
average of 50 m? per heap. In the Orubiri field the
estimated total area of dredge spoil obtained from 4
heaps was 258.75 m? with an average of 25 m® per
heap. These data are presented in table 1 below.

The study area is characterized by semi—diurnal tidal
regimes with tidal amplitude of about 1.2 metres high
(NEDECO, 1961) and ebb flow reaching higher
velocities than flood flow. The vegetation in the area
is dominated by mangrove with the common species
as namely Rizophora racemosa, Rizophora
harrisonii, and Rizophora mangle (the Red
mangroves). Others are Avicennia Africana (white
mangrove) and Laguncularia racemosa (the black
mangrove). A monotypic genus, Nypa fruticans also
occur in the study area. The mangrove vegetation is
punctuated at various points by beach ridges on
which fishing settlements and human communities
with population ranging from 50 to 1500 individuals
are developed. Incidentally, the creeks in the study
area empty the surroundings of the industrial city of
Port Harcourt with a population of about 4 million
individuals.

Field Sampling

Ten aquatic sampling stations were established
within the oil field based on dredging activities and
the hydrodynamics of the area. The following
parameters were sampled for surface water: The
temperature of the water was measured using a bulb
thermometer in the field. The pH of water was
measured using Cole-Parmer Digital pH meter.
Conductivity and Dissolved solids were measured
using a Lovibond Conductivity Meter (Type CM-21).
All water samples for chemical analysis were
collected (5-15cm) below the surface for parameters
that will be measured in the Laboratory. Samples for
heavy metals were fixed with HON; to pH 2 for
laboratory analyses. Glass containers were used for
the collection of water samples for hydrocarbon
analysis while plastics were used for other
parameters. The samples were immediately labeled
and preserved in ice-cooled boxes and transported to
the laboratory.

Zooplankton

Subsurface water samples were collected in 10 liter
plastic buckets and poured through a 55micron mesh
size plankton net fifty times. The samples
(representing 500 liters of water) were washed into
20 ml sample collecting bottles and immediately
fixed in 5 percent formalin.

Benthic fauna

Soil samples for subtidal benthic fauna were
collected by means of an Ekman grab into a labeled
polythene bag. All samples were washed through
1mm? mesh sieve. The material retained by the sieve
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was stored in plastic jars and preserved with 10%
formalin in seawater containing Rose Bengal to
facilitate laboratory sorting of the samples.

Ten soil study stations were established within a
radius of 1.5 km with the Alakiri flow station as the
center. Representative samples for physicochemical
study were obtained from five random auger borings
per study station at two depths (0 - 15 cm and 15 - 30
c¢cm) and composited. The samples collected were
placed in a polyethylene bag for the analysis of
physicochemical parameters.  Specifically  soil
samples for Total Hydrocarbon analysis were placed
in aluminum foil. All samples were properly labeled
before placing in an ice chest. Parameters measured
in the Laboratory include: Alkalinity, suspended
solids, POs, NOs, NHs+, NO»-, S0,-% Total
Hydrocarbon content (THC) and heavy metals for
water samples. Soil samples were air dried and
sieved through 250um mesh sieve prior to analysis in
the laboratory. pH was measured with Cole-Palmer
pH meter, Conductivity was measured with
Lovibond Conductivity meter (Type CM-21). Total
Nitrogen, Total organic carbon, Ammonia Nitrates,
Calcium, Potassium and Magnesium, Total
Hydrocarbon, and Heavy metals were analyzed and
measured using standard methods (Galley et al;
1975). The Heavy metals analyzed for both water
and soil samples are Mercury, Vanadium, Cadmium,
Chromium, Manganese, Zinc, Copper and Iron.

In the laboratory, samples for the extraction of
zooplankton were made up to a uniform volume of
100ml using distilled water. Following a thorough
agitation and homogenization, 1 ml sub-samples
were taken using a Stampel Pipette and transferred to
a graded 1 ml counting chamber for observation
under a binocular microscope with magnification of
400x. The organisms were simultaneously identified
and enumerated and results entered on analysis
sheets. The wvarious taxa were identified and
enumerated. Benthic fauna samples were sorted in
the laboratory and all stained fauna removed and
further preserved in 5% or formalin. The specimens
were identified to the lowest possible taxonomic
level under a stereo and compound microscope and
individuals of each taxonomic group were counted
and recorded.

RESULT

Surface Water

The Physicochemical characteristics of surface water
samples from the Orubiri/Alakiri area are presented
in Table 2. Temperature values ranged from 29.5 to
30.1 °C while the pH values were slightly alkaline
ranging from 7.2 to 7.6. Electrical conductivity of
the water ranged from 40,000 to 44,600 u’s/cm‘1
indicating seawater influences. This is supported by
other related parameters such as total dissolved
solids, chloride and sulphate which were reasonable



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 3(2):247-253(ISSN: 2141-7016)

high. Nitrate, ~ammonia, and  phosphate
concentrations are either below detection limits or
generally low indicating low nutrient status of the
water. Dissolved oxygen (DO) level ranged from 5.1
to 6 mg/1 while the BOD values range from 0.9 to
2.0 mg/1. These results suggest that the water was
adequate to support aquatic life. The total
hydrocarbon concentrations (THC) are generally
below detection limits showing that there was no
recent introduction of hydrocarbon into the water
column. Hg, Ni, Cr, V and Cd in surface water
samples were below the detection levels of
0.001mg/ml. The concentrations of Fe, Pb, Mn, and
Cr are generally within the limits expected for such
water bodies (RPI, 1985).

Sail

Soail in the study area was generally acidic (pH 4.50 -
5.90 for top soil 0 - 15 ¢cm depth and pH 4.90 — 5.80
for 15 — 30cm depth). Although Low pH is expected
for a mangrove environment the variation in pH
value shows lower pH for samples obtained from
dredged spoil. The electrical conductivity values
range from 7,400 ps/cm™to 22,000ps/cm™ for topsoil
samples while the bottom soil samples show a range
of 7,600ps/cm™ to 26,000us/cm™. The electrical
conductivity results indicate that the soils in the area
are influenced by brackish water. This is further
confirmed by the results of cation studies that also
show high values of sodium for the study area. The
concentration of calcium, potassium and magnesium
observed can also be related to the high saline nature
of the study environment. The organic carbon
contents of the soils are generally low, ranging from
1.36 to 3.19%. Total Nitrogen concentration is also
generally low (0.01% to 0.06%). Other Nitrogen
related parameters show slightly elevated values for
NH,; (15.24 to 2.16 mg/g) as against generally low
values for Nitrates (1.54 to 5.20). This suggests a
fairly slow rate of nitrogen mineralization in the
study area. Total hydrocarbon concentration (421.6
to 1178.6 mg/g) in the soil was above biogenic levels
of 50 mg/l. This suggests an accumulation of
hydrocarbon in the soil of the study environment
over time.

Table 3 shows the heavy metal concentrations. In the
table, Mercury and Vanadium concentrations were
generally below the detection limit of 0.001 mg/1.
Cadmium concentration varied from less than 0.001
to 0.005 mg/1. Chromium concentrations varied from
0.05 to 1.12 mg/l. Manganese, Zinc and Copper
were all generally slightly above detectable limits.
Iron concentrations were generally high ranging from
62.2 t0 101.3 mg/1.

Zooplankton

In all, 4 major taxanomic groups and larval forms of
meroplankton were encountered in the community.
The zooplankton population varied from113
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individuals/litre to 561 individuals/litre (Table 4).
The community structure of the zooplankton showed
that Copepoda constituted the bulk of the population
representing 94.5 to 99.1 %; followed by Rotatoria
and the economic forms, in that decreasing order of
percentage abundance (Table 5).

Benthic Macrofauna

Twelve species were encountered and these were
represented by the Polychaete (8 species) Crustacea
(2 species), gastropod (1 specie), and fish (1 specie).
Three species (Nereis falsa, Nephthys sp and
Capitella capitata) were common and more abundant
in most of the stations (Table 6). In Table 4, the
densities and relative composition of subtidal benthic
fauna groups showed that the faunal abundance
varied from 21 to 90 individuals per 1000 cm® of
sediment with the greater proportion of the benthic
fauna being polychaetes.

DISCUSSION

The mangrove swamp is noted for its pH buffering
capacity. This feature may have been lost as a result
of the high occurrence of dredge spoil in the area.
This may be responsible for the alkaline state of
surface water while soil samples were acidic. The
movement of materials between the mud flats and the
water moderates the inter-tidal soil pH. It also
sustains the inter-tidal communities most of which
are adapted to tidal rhythms (IPS, 1990). In most
places where dredge spoils occur, the surface area of
the inter-tidal is drastically reduced, since the
resultant bank is higher and prevents flow and spread
of the incoming tidal water. In some cases the mud
flats are cut off from the main water body and back
swamps are formed, this condition creates high
acidity and poor nutrient recycling. The values
obtained for Nitrogen related parameters suggest a
slow rate of nitrogen mineralization in the study area.
High Fe concentrations in soils are a characteristic of
this part of the Niger Delta (IPS 1989). Heavy metal
concentrations are generally within the limits
expected for the study area and do not suggest inputs
from oil related activities. The results suggest that
water quality of the study environment has not been
altered physico-chemically at the time of the study
since most of the parameters are within the limits
previously reported from the area (RPI, 1985).

Zooplankton organisms comprise the juvenile and
larval stages of larger animals such as crab zoea,
shrimp zoea, fish larvae/embryo, vegiller larvae of
molluscs, and the permanent zooplankton
(Holoplankton) such as copepods, euphausids, jelly
fish and chaetognaths. These organisms mostly feed
on particles in the water, and therefore, concentrate
smaller phytoplankton, some other zooplankton and
debris. Zooplanktons have been found to make up the
bulk of the food material for most juvenile and
pelagic fish species (RPI, 1985). Thus, zooplankton
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not only indicate the effect of low levels of oil and
chemical pollution in the water body, which might
not be lethal to the higher organisms, they also play
very important role in the food chain and energy flow
within the water bodies. The presence of the 4 major
taxonomic groups and larval forms (meroplanktonic
forms) is in consonance with previous observation
for the system (IPS 1989 & 1990). Also the
dominance of the zooplankton population by
copepoda conforms to past studies in the Bonny
estuaries (RP 11985).

The population density for the zooplankton
encountered in the study area was almost the same
irrespective of the location. This observation may be
attributed to the fact that the activities in the area
may not have measurable effect on the zooplankton.
This is expected because the river system is tidal and
zooplankton is freely carried in and out of the
channel by the tide. It is also possible that the
dredging and deepening of the waterway may have
increased water retention and or incursion of
seawater into the area.

Most pollutants get deposited on the benthos. The sea
bottom, especially in shallow waters is recognized as
an important site for organic decomposition and
nutrient regeneration by virtue of the organisms that
inhabit it; and because they are generally immobile
benthic organisms have received considerable
attention in environmental studies. Low species
diversity and the dominance of polychaetes in the
sample obtained from the entire study area is not
surprising. This appears to be the benthic community
characteristic of the area. This observation did not
negate previous observations made in the area (IPS
1989).

Nevertheless, remarkable changes observed in the
benthic community is the presence of the bivalve,
Donax sp which occurred in some stations in this
study but were not reported in the other studies
conducted on similar environment. The possible
reason for this is that the station had become more of
a sandy bottom as against its previous muddy nature.
Another peculiar observation is the relatively high
density of Capitella capitata in some stations. These
species have been reported to opportunistically
dominate other forms in the benthic community in
oil-polluted environment (IPS 1990). Over the past
years, petroleum hydrocarbons have accumulated to
delectable limits in the Alakiri-Orubiri environment.
This explains the occurrence in relatively high
density of opportunistic species like Capitella
capitata in the environment. The dredge spoils
deposited along the bank of the creeks and well slots
elevate of the banks, this prevents Tidal water from
moving into the swamps. The back swamp created as
aresult of the dredge spoil is separated from the main
Table 1: Location and Estimated Area of Dredge Spoil

water body. The implication of this situation is low
nutrient recycling, high pH and low rate of nitrogen
mineralization. Other effects are slow rate of clay/silt
replacement in the sandy bottom of dredge areas. It is
obvious that these factors are responsible for the low
natural productivity observed in the water and inter
tidal areas of dredged creeks.
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Field Location of Dredge Spoil/Well Estimated Area (m?)
Alakiri 2 14.25
3 63.10
4 39.8
5 49.2
6 53.3
7 28.2
8 41.8
11 23.0
14 334
20 437
29 62.25
32 874
Total 539.4
Orubiri 3 16.75
4 65.27
7 92.30
11 84.43
Total 258.75

Table 2: Physicochemical characteristics of Orubiri/Alakiri surface water

S/No. Sasr;‘rf'e Temp. |pH | Cond. | TDS | cClI S042 | N-NO® | N-NH; | PO% DO | BOO | THC
01 pslem® | Mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/I
1 -1 | 297 7.2 | 40,200 | 28,100 | 7846.0 | 924.8 | 0.21 0.11 <0.05 55 | 1.6 | NO
2 -2 | 295 7.3 | 40,000 | 28,100 | 7825.0 | 920.5 | 0.18 0.21 <0.05 51 | 1.1 | NO
3 -3 | 29.6 7.4 | 40,000 | 28,000 | 6998.6 | 828.6 | 0.22 0.10 0.08 6.1 | 1.8 | NO
4 -4 | 301 7.3 | 42,000 | 28,200 | 78965 | 921.7 | 0.30 0.15 <0.05 48 | 20 | NO
5 5 29.9 7.4 | 42200 | 28,200 | 8126.0 | 942.8 | 0.12 0.18 <0.05 6.4 | 09 | NO
6 6 30.1 7.5 | 44000 | 28,000 | 8287.0 | 1022.0 | 0.31 0.12 <0.05 6.2 | 1.0 | NO
7 7 30.1 7.6 | 44600 | 28,700 | 9146.0 | 1100.5 | 0.21 0.16 0.07 58 | 1.1 | NO
8 8 30.0 75 | 46,000 | 29,000 | 9200.0 | 999.6 | 0.18 0.09 0.06 6.1 | 1.9 | NO
9 9 30.1 7.6 | 45000 | 28,800 | 9152.6 | 1012.6 | 0.22 0.10 <0.05 55 | 1.2 | NO
10 -10 | 29.9 7.6 | 46,000 | 27,000 | 9206.8 | 11185 | 0.14 0.14 <0.05 56 | 1.4 | NO
Table 3: Heavy metal concentrations of Orubiri/Alakiri surface water
SINo. | Sample Mn | zn |cu | Hg Ni cr v cd Fe | Pb

1 -1 221 | 0.09 |226 | <0.001 <0.001 | <0.001 <0.001 | <0.001 0.55 | 0.007

2 2 0.89 | 0.0 | 1.18 | <0.001 <0.001 | <0.001 <0.001 | <0.001 0.21 | 0.005

3 3 090 | 112 |1.29 | <0.001 <0.001 | <0.001 <0.001 | <0.001 0.34 | 0.009

4 -4 1.18 | 0.08 | 1.65 | <0.001 <0.001 | <0.001 <0.001 | <0.001 0.28 | 0.012

5 5 098 | 111 | 205 | <0.001 <0.001 | <0.001 <0.001 | <0.001 0.45 | 0.008

6 6 112 | 0.09 | 0.98 | <0.001 <0.001 | <0.001 | <0.001 | <0.001 0.58 | 0.004

7 7 210 | 114 | 1.10 | <0.001 <0.001 | <0.001 | <0.001 | <0.001 0.32 | 0.006

8 8 1.86 | 1.15 | 1.14 | <0.001 <0.001 | <0.001 | <0.001 | <0.001 0.61 | 0.002

9 9 1.72 | 0.08 | 0.88 | <0.001 <0.001 | <0.001 | <0.001 | <0.001 0.42 | 0.005

10 -10 0.95 | 0.06 |1.12 | <0.001 <0.001 | <0.001 | <0.001 | <0.001 0.22 | 0.002
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Table 4: Occurrence and Abundance of Zooplankton in the study area

Water sample Stations

TAXA 1 2 3 4 5 6 7 8 9 10 11 12
COPEPODA
Copepoda nauplii 123 274 198 218 156 464 341 198 87 297 165 301
Cyc!opoid copepod 45 26 54 26 97 88 146 54 26 97 48 63
Calanoid Copepod 12 8 2 4 4 9 6 2 0 4 9 6
Harparticoid copepod 0 0 0 0 2 0 7 0 0 2 2 7
Total 180 308 254 248 259 561 500 254 113 400 224 377
ROTA TORIA
Euchlanis sp. 3 1 0 0 0 2 0 0 0 0 2 0
Brachionis calyciflorus 0 2 0 0 0 2 2 0 0- 2
Brachionis. sp. 2 0 0 1 0 0 0 4 1
Kellicottia striata 0 0 1 0 1 1 0 1 0 1 1
IAsplanchina sP. 3 1 1 0 0 0 1 0 0 0 0
ECONOMIC LARVAL FORMS 6 4 1 0 7 4 3 1 0 7 4
Shrimps larval 0 0 0 1 0 1 0 0 1 0 1
Gastropid vegilar larvae. 0 0 0 0 0 3 0 0 0 0 3
Fish larvae 0 0 0 0 1 0 2 0 0 1 1
OTHERS 0 0 0 1 1 4 2 0 1 1 5
Cirreped 0 0 0 0 4 8 0 0 0 6 8
Obelia larvae 0 2 1 0 0 0 2 1 0 0 8
Nematode 0 2 1 2 4 8 2 1 2 6 16
Table 5: The relative percentage composition of different taxa groups in the zooplankton community
1 2 3 4 5 6 7 8 9 10 11 12
Copepoda Total 180 | 308 | 254 | 248 | 259 561 500 254 113 400 224 377
% 96.8 [98.7 1981 | 992 | 989 | 979 96.9 | 97.3 | 983 | 993 | 941 | 938
Rotatoria Total 6 4 3 1 0 7 4 3 1 0 7 4
% 3.2 13 | 12 0.4 0.0 1.2 0.8 1.2 0.9 0 2.9 0.9
Economic larvaeTotal 0 0 0 0 1 1 4 2 0 1 1 5
% 0.0 0.0 | 0.0 0.0 0.4 0.2 0.8 0.8 0.0 0.2 0.4 1.2
Other Total 0 0 2 1 2 4 8 2 1 2 6 16
% 0.0 0.0 | 0.8 0.4 0.8 0.7 1.6 0.8 0.9 0.5 25 4.0
Total zooplankton 186 | 312 | 259 | 250 | 262 573 516 261 115 403 238 402
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Table 6: The macrofaunal taxa benthic community and their numerical count (x indiv/1000cm® of sediment)

TAXA 1 2 3 4 5 6 7 8 9 10 11 12
Capitela 12 2 2 12 5 4 1 15 3 35 5
Cossura 8 1 1 2 1 7
Lumbrinereis 2 1
Glycera 3 2 1 2 4
Nephlthys 23 5 5 2 10 4 2 26 3 44 28
Nereis 15 12 6 11 25 21 24
Ficopomatus 1 3 4 8 1
Heteromastus 1 3 1 5 7 2
Total 43 28 25 21 31 34 35 52 39 90 35
CRUSTACEA
|Alpheus 1 1
Grapsid 1
0 0 0 0 0 0 1 1 1 0 0
GASTROPOD
Donax 2 1
FISH(pipe fish) 1 2 1 1 0 0 0 0 0 0 0
Grand total 44 30 28 22 31 34 37 54 41 90 35
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