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ABSTRACT

The in-situ parameters of water have in the timst feen determined by collection of water samples,
followed by use of common probes and indirect datmns. This work however, presents the in-situ
physic-chemical properties of the deep Atlantic @cwater column using Conductivity, Temperature,
Depth (CTD) profilers and their implications on tAdantic Ocean’s heterotrophic bacterial distrilbwr.
Measurement was done at 1 m depth intervals frorfac to bottom (about 2,774 m) in four (4)
locations. ASTM, APHA and other international metthavere adapted for NOQPQ;, SQ and CQ.
Quantitative analysis of the total heterotrophicctaxia (THB) was conducted using culture-dependent
technigue. The in-situ physico-chemical paramedegesin the range of 7.96 — 8.14 for pH, 3.09 — 2&.0
for temperature, 32,700 — 54,000 pS/cm for conditgti32.3 — 34.9 g/l for salinity and 2.62 — 7 /|

for dissolved oxygen (DO). The nutrient charactarssof seawater provide an insight into the erigti
health status of the deep sea environment of tletikt Ocean with average range of 0.31 — 0.49 mg/I
for NO;, 0.97 — 1.91 mg/l for P92,525 — 2,735 mg/l for S@nd <1.00 — 32.0 mg/l for COTHB count

is in the range of 1.91 x 16- 2.45 x 18 cfu/ml in surface seawater, 1.28 x*102.19 x 18 cfu/ml in
middle seawater and 0.93 x*0 1.74 x 18 cfu/ml in bottom seawater. The THB population faf t
seawater column is in the order surface>middle>btt Difference in THB values observed at various
depths was significant (p<0.05) but values weresggiant across sample stations (p>0.05). Phenotypic
characterization based on key morphological anché@nmical traits showed that all of the deep seawate
isolates showed taxonomic affinities to the gerassmuBomonas.

Key words: Deep Atlantic Ocean, Gulf of Guinea, In-situ Phgsahemical Properties,
Seawater, Marine Water, Heterotrophic Bacteriatribigtion.
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INTRODUCTION

Covering approximately 20% of Earth's surface,Alantic Ocean is second only to the Pacific
in size. With its adjacent seas it occupies an afeabout 106,400,000 square kilometres;
without them, it has an area of 82,400,000 squdoenktres. The land area that drains into the
Atlantic is four times that of either the Pacific imdian oceans. The volume of the Atlantic
Ocean with its adjacent seas is 354,700,000 cuibbenktres and without them 323,600,000
cubic kilometres [1].

The average depth of the Atlantic, with its adjacseas, is 3,332 metres (10,932 ft); without
them it is 3,926 metres (12,881 ft). The greategild, 8,605 metres (28,232 ft), is in the Puerto
Rico Trench. The width of the Atlantic varies fra&B848 kilometres (1,770 miles) between

Brazil and Liberia to about 4,830 kilometres (3,0800les) between the United States and
northern Africa. Nigeria is located on the Weststaaf Africa, at the interior-most corner of the

Gulf of Guinea. It bordered to the south by theaAtic Ocean (Gulf of Guinea) [2].

Horizontal and vertical distribution of microbialopulations in seawater and sediments is
influenced by various factors, such as the physlwemical nature of the sea and the presence of
high organic matter concentrations. Previous in-pdrameters measurements have in the time
past been determined by collection of water sampéd®wed by use of common probes and
indirect calculations. A more precise instrumentusrently in use by oceanographers for the
determination of oceanic in-situ physico-chemicalperties.

A CTD measures Conductivity, Temperature, and D¢Bih Despite the name, all CTDs
actually measure pressure, which is not quite #meesthing as depth. The relationship between
pressure and depth is a complex one involving wageisity and compressibility as well as the
strength of the local gravity field. The CTD datnde used to calculate salinity, density, sound
velocity, and other parameters of interest.

The termCTD is often used today to describ@ackagethat includes the actual CTD as well as
auxiliary sensors to measure other parameters (sischdissolved oxygen, pH, turbidity,
fluorometer, altimeter, etc.) and a water samperdilect water samples for later analysis in the
laboratory. AProfiling CTD measures water parameters as it travels thrthgwater, whether
lowered over the side of a ship with a winch tcetakeasurements of a vertical column of water
or integrated with an autonomous vehicle or gli@gr

Profiling CTDs are built to perform under the urégdynamic conditions found on varying
measurement platforms. They pumped and ducted axdnow for matched temperature and
conductivity response while measurements are made¢he same sample of water with a
predictable delay and predictable flow effects.gAlng and coordinating measurements either
done with software or automatically.

All previous ecological studies on Nigeria deepafitic Ocean water however were done in
fulfillment of legal/regulatory framework prior toommencement of crude oil related activities
and are mostly limited to the near shore and cbastas. This was largely due to the enormous
resources and sophistication of sampling equipnmolved in deep ocean study.
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There is also need to study the Nigeria deep Atl&tean in-situ parameters using modern
technologies as this will give a comprehensive deiziled description of the in-situ parameters
for a better understanding of microbial distribatim the deep Atlantic Ocean of the Gulf of
Guinea.

MATERIALS AND METHODS
Study Area:
The study area is located at approximately 1500kit/from the nearest Nigerian shoreline and
within seawater depths of 2,450 — 2,774 metféigufe 1). Four sampling stations were

established as W1 (4.3706418873.83930833%), W2 (4.23065500N, 3.84930833%), W3
(4.37064166%N, 3.97931000%) and W4 (4.130665068, 3.9693100000E).
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Figure 1: Map of the Study Area in the Deep Atlantic Ocean of the Gulf of Guinea.

Sample Collection

The field data gathering exercise was conductedigusi specialized survey vessel, R/V
GeoExplorer Type OSV/Research owned by TDI Brookterhational. Seawater column

samples were collected at the surface, middle atirin using SBE 32 Carousel Water Sampler
manufactured by Sea-Bird Electronics (SBE), Inc.AUSThis is specialized equipment

comprising twelve (12) water sampling bottles (8eb size) and an automatic fire module
(model AFM 6800m). Six (6) out of the twelve baottlevere used for sampling. The AFM is

programmed to trigger the bottles for sample ctitbec at desired depths using a special
computer programme (SeaTermAF Version 1.1.3).

A SeaCAT Water Profiler (SWP) with CTD model SBE@dfs 7000m attached to the carousel
was used to carry ounh situ measurement of seawater temperature, conductsatinity, DO
and depth at 1meter depth intervals from surfadeottom. On reaching the desired depth, the
carousel together with the CTD was retrieved frdra $ea, the CTD was reconnected to the
laptop computer and results uploaded using SeaTErmérsion 1.31. The results were
subsequently converted to common display unitglaygd and checked for reasonability before
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storing in database. The generated data was efasadthe instrument’s internal memory to
avoid mix up during subsequent profiling.

The seawater samples collected at each station alsveanalyzed immediately for pH, nitrate
(NOs), phosphate (P£), sulplate (SG) and total heterotrophic bacteria (THB) while samples
were obtained and appropriately preserved for &ursttudies in the laboratory.

Analysis of Seawater Samples

pH was determineth situ using 340i WTW multimeter calibrated with pH 7.8dal0.0 buffer
solutions. Turbidity of seawater samples was meakiar situ using T930712 turbidity meter.
Nitrate, phosphate and sulphate in seawater sam@es determined colorimetrically by UV4-
100 Unicam UV/VIS spectrophotometer at wavelengtfs 410nm, 690nm and 420nm
respectively [4, 5, 6] while carbonate was detegdititrimetrically.

Total aerobic heterotrophic bacteria (THB) in setmwvaamples were determined using culture-
dependent technique. 1ml of the seawater sampletraasferred into 9ml of diluent (sterile
Ringer’s solution) and further dilutions were maaeordingly. 0.1ml aliquot of failutions as
well as 1ml of the seawater sample were then sppkdidd on marine agar (MA) plates (Difco
2216) in triplicates [7, 8, 9]. All plates were irmated at 25 +°€ in inverted position for 24 —
48 hours. Plates with 30 - 300 colonies were caliatethe end of incubation and reported as
colony forming units per ml (cfu/ml) of sample aymdd. Isolates were sub-cultured on fresh
MA plates to obtain pure cultures of THB and figadinto nutrient agar (NA) slants, stored at
4°C prior to identification and characterization.

Identification and characterization of all bactersalates to specie level were done on the basis
of their cultural, morphological and physiologiadiaracteristics by the identification schemes
and methods described by [10 — 17].

RESULTSAND DISCUSSION

Continuous measurement (profiling) of water chamastics (temperature, conductivity, salinity,
and dissolved oxygen) was carried out from surfacéottom at intervals of 1m at four (4)
stations namely W1, W2, W3 and W4. The represemapirofile data (W1) are presented
graphically using Sea Plot Beta 1.1 Software (FegLix

The typical temperature profile of the deep Atlar@iicean of the Gulf of Guinea is presented in
Figure la. The profile showed that within 0 — 508ptth, seawater temperatures in the area
ranged between 36 and 28C. However, within 50m - 60m a region of disconiipuor
thermocline was observed. Within this depth rangmperature declined rapidly (at the rate of
0.58C/m) from 28C to about 28C. Also, within 70 — 100m depth another region ks
discontinuity was also observed, with temperatugeresing to about 18@® at the rate of
between 0.05 and 0.88/m. Thereafter, the temperature decreased steatlidy constant rate
(0.02C/m) to about % within 800m depth and subsequently at a slowés (8.002 —
0.004C/m) towards C near the bottom.
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Data obtained from continuous measurement of cdiltycfrom sea surface to bottom in the

study area is presented graphically as Figure 1hhifW20m depth, seawater conductivity

increased (with several inflexions) from about 335S/cm at the surface to 56,623uS/cm.
Thereatfter, it decreased gradually, reaching 4338@m at about 100m depth. The conductivity
further decreased to about 34,633uS/cm at 600mhdaptl then to 32,705uS/cm at the
maximum depth measured. The observed trend wasasiagross profiled stations and fairly

consistent with salinity trend in the study area.
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Figure 1. Representative Profile Data for W1 Sample Station a) Depth vs Temperature, b) Depth vs
Conductivity, c) Depth vs Salinity, d) Depth vs DO

The salinity of surface seawater in the study asemed between 32.3ppt and 33.2ppt with a
mean of 32.8ppt while the salinity of middle isweén 34.6ppt and 34.7ppt with an average of
34.6ppt. Bottom seawater salinity maintained a e@afi34.9ppt. Data obtained from continuous
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measurement of salinity from sea surface to boitothe study area is presented graphically as
Figure 1c.

The seawater profile at the study area showedstidatity was about 32.3ppt within 10m depth.

Thereatfter, salinity increased with several infbes to a maximum of about 35.9ppt within 80m

depth. It then decreased steadily (at the rate.@20— 0.004ppt/m) to about 34.6ppt at 600m
depth and then much more slowly (0.001 — 0.004pptmabout 34.5ppt at 800m depth.

Thereatfter, salinity increased slowly and steal$001 — 0.0006ppt/m), reaching 34.9ppt near
the seabed. This trend was again consistent agroBked stations in the area.

The dissolved oxygen of surface seawater in theystrea ranged between 5.98mg/l and
7.88mg/l with a mean of 6.35mg/l while of middledamottom is in the range of 2.62 — 4.66mg/|
and 7.33 — 7.44mg/l with mean values of 3.96mgd @B8mg/l respectively. Data obtained
from continuous measurement of dissolved oxygem fsea surface to bottom in the study area
is presented graphically as Figure 1d.

The profile showed that the dissolved oxygen cotraéion was fairly constant (4.0 — 6.7mg/l)

within 50m depth. The concentration thereafter ided sharply to about 2.9mg/l between 40m
and 140m depth. The dissolved oxygen levels coetinto decline with several inflexions

beyond the 140m depth, reaching 1.76mg/l at 270ayoBd this depth, the dissolved oxygen
level started to increase (with several inflexioas)d continued steadily, reaching 7.3mg/I
towards the seabed.

Thein situ measurements of profiled seawater samples frorsttity site are as shownTable

1.

Table 1: In situ Physico-chemical Characteristics of Profiled Seawater Samples

Chemical Parameters (mg/l)

SamplePoints ), T‘(‘,(I‘%'S')ty (rﬁ{‘/) TDS TSS NOs, PO; SO, COs
Wisuf 814 <1.00 1227 39,600 600 031 103 255020
W1Mid 805 <1.00 +233 23,400 7.00 0.46 191 2,6%1.00
W1Bot 804 <100 +215 23,400 800 037 147 2,7%8.00
w2suf 816 <1.00 +247 39,800 6.00 0.31 097 2582.0
W2 Mid 806 <1.00 +253 23,400 7.00 0.46 1.60 2,652.00
W2Bot 805 <100 +233 23,400 9.00 038 1.40 2,733.00
w3suf 802 <1.00 +225 39,800 6.00 0.31 098 2520.0
W3Mid 800 <1.00 +223 23300 7.00 047 177 2,651.00
W3Bot  7.96 <100 +226 23,300 800 038 1.39 2,784.00
Wasurf 8.8 <1.00 +219 39,600 6.00 031 111 253.0
WaMid 804 <100 +237 23,400 800 049 174 2,631.00
W4Bot 8.2 <1.00 +244 23400 800 039 1.39 2,733.00

The pH of surface seawater in the study area rabgégeen 8.0 and 8.2 with a mean of 8.1
while the pH of middle and bottom is in the range8d — 8.1 with mean values of 8.0
respectively. The turbidity levels in the seawateere below equipment detection limit of
1.00NTU.
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The redox potential (Eh) of surface seawater indtugly area ranged between +176mV and
+256mV with a mean of +221mV while the redox potEntf middle and bottom is in the range
of +223 to +253mV and +215 to +244mV with mean esalwf +237mV and +230mV
respectively. Figure 4.9 below shows the redox mak values of the surface, middle and
bottom of seawater profile stations (SS 01, 03ad@ 15). The Eh of the sediments in the study
area ranged between, -94mV and -59mV with a mear66f4mV. This trend was consistent
across sampling stations.

The total dissolved solids (TDS) of surface seawarte the study area ranged between
39,500mg/l and 40,300mg/lI with a mean of 39,800mdpile the TDS of middle and bottom is
in the range of 23,300 — 23,400mg/l with mean valoie23,400mg/l. Figure 4.6 shows the TDS
values of the surface, middle and bottom of seavwat#ile stations (SS 01, 03, 10 and 15).

The total suspended solids (TSS) of surface seawatke study area ranged between 6mg/l and
7mg/l with a mean of 6.4mg/l while the TSS of meldind bottom is in the range of 7 — 8mg/I
and 8 — 9mg/I with mean values of 7.3mg/l and 8./8megpectively. Figure 4.7 shows the TSS
values of the surface, middle and bottom of seavwat#ile stations (SS 01, 03, 10 and 15).

The nitrate of surface seawater in the study ameged between 0.30mg/l and 0.44mg/l with a

mean of 0.32mg/l while the nitrate of middle andtdm is in the range of 0.46 — 0.49mg/l and
0.37 — 0.39mg/l with mean values of 0.47mg/| arB8thg/| respectively.
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Figure 2: THB counts of the seawater column samples

The phosphate of surface seawater in the studyrangged between 0.97mg/l and 1.16mg/l with
a mean of 1.05mg/l while the phosphate of middke laottom is in the range of 1.60 — 1.91mg/I
and 1.39 — 1.47mg/l with mean values of 1.75mgdl ad1mg/l respectively.

476
Pelagia Research Library



Sunday B. Akindeet al Adv. Appl. Sci. Res,, 2011, 2(6):470-482

The sulphate of surface seawater in the studyrareged between 2,514mg/l and 2,622mg/l with
a mean of 2,582mg/l while the phosphate of middid bottom is in the range of 2,617 —
2,652mg/l and 2,709 — 2,735mg/l with mean value3,689mg/l and 2,723mg/l respectively.

The carbonate of surface seawater in the studyrareged between 30mg/l and 32mg/l with a
mean of 31.5mg/l while the middle and bottom seamataintained a carbonate concentration of
<1.00mg/I.

Total heterotrophic bacterial (THB) count of thefage, middle and bottom of seawater profile
stations (W1, W2, W3 and W4) are presented in [Eig@ur

Surface seawater samples from the four profildestathave the highest values of THB which
ranged from 1.91 x £6fu/ml in sample station W2 to 2.45 x>t€u/ml in sample station WS3.
This was followed by the middle seawater samplek wimean value of 1.61 x *tfu/ml and
bottom water samples with a mean value of 1.34%faml.

DISCUSSION AND CONCLUSION

The pH results of profiled seawater which rangexinfr7.96 to 8.14 are indicative of alkaline
with observed trend reported for tropical Oceanengf7, 18, 19]. The highest pH values were
reported for the surface seawater followed by n@ddid bottom in that order. [19] reported that
seawater pH varies between 7.5 and 8.4 with thleesigvalues occurring in the surface during
periods of high productivity when carbon dioxide visthdrawn during photosynthesis. The
presence of organic acids, biological processest@glgnthesis and respiration) and physical
processes (turbulence and aeration), which can @dtecentration of dissolved carbon dioxide
affect pH level in the sea.

Temperature in tropical surface ocean waters isllysietween 2%C and 28C. Values of
between 28 and 32C have been recorded where there is large arehabiow water. The
seawater column temperature was consistent wittd tie tropical ocean waters. This observed
trend (defined thermoclines) was consistent acatighie profile stations in the study area. This
is in agreement with [1] who stated that in the erppOOm of the sea, the water is almost as
warm as at the surface. From 100m to approximat@B0Om, the temperature drops rapidly to
about 5°C, and below this it drops gradually abauther 4C to barely above freezing. [18]
also stated that the temperatures in the deepaseasound T to 5°C.

The highest conductivity values were reported foe tsurface seawater with a mean of
52,941uS/cm followed by middle and bottom in thetep with mean values of 33,660uS/cm
and 32,733uS/cm respectively. The conductivity mfagueous medium is an indication of its
ability to conduct an electric current. The conditt of seawater in any season is determined
by the presence of total concentration ions, migbiltalence, relative concentrations and the
temperature of the system.

The salinity of seawater from the study area ranbgetiveen 32.2ppt and 34.9ppt. This is
consistent with the result of [7, 20] who reportedlinity of up to 37.8ppt and 33.8ppt
respectively for seawater samples collected frofiferdint sites. Natural concentrations of
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salinity for open seas in the tropical regionsgsally between 33ppt and 35ppt, but could be as
high as 37ppt where rainfall is low and evaporat®high. The value is lower where large rivers
enter the sea [21]. The average salinity of de@g secording to [18] is 34—35ppt. The salinity
of seawater gives a measure of the total amousbdium, chloride and other salts dissolved in
it. Sodium and chloride are known to comprise al@fupercent of the ions present in seawater
by weight. The combination of salinity and temperathas profound effect on ocean density and
its circulation, though density of seawater depemdse on salinity than on temperature. As
salinity increases, vapour pressure decreases @mdtia pressure increases. It is important in
marine ecosystems because changes in salinity auzse changes in the relative diversity and
abundance of marine organisms. This may lead toadagjon of the food and energy chains in
the ecosystem. Slight increase in salinity waseolesl towards the seabed. A great diversity of
microorganisms has been isolated from high-salimtwironments, including aerobic and
anaerobic microorganisms [22].

Dissolved oxygen (DO) is the measure of the amotigaseous oxygen dissolved in an aqueous
solution. It is one of the most important paramgeteraquatic life as it is an absolute requirement
for the metabolism of aerobic organisms and aloaénces inorganic chemical reactions. Ocean
surface waters as observed in this study are kepersaturated with oxygen (5.98mg/l and
7.88mg/l range) primarily by waves and photosynthé® few meters depth). This dissolved
oxygen range is in agreement with [7]. The coneiuin at the sea surface becomes slowly
reduced with depth and acts as a pointer to theement of oceanic water masses. Between 40m
and 140m depth is the zone where light penetrasgisufficient for photosynthesis (photic zone).
The 100m water depth (called compensation depfimesethe bottom of the photic zone, where
a balance exists between the oxygen produced pmitegically and that consumed by
respiration (i.e. balance between carbon takenngpthat dispersed). Photosynthesis does not
cease below the compensation depth, but there eamet phytoplankton growth below it.
Decline in dissolved oxygen between 40m and 270aowfdto 1.76mg/l at 270m) could be
attributed to consumption of dissolved oxygen duehe respiratory needs of both plants and
animals and by the microbial oxidation of settlimganic detritus. However, at deeper depths,
oxygen level rises reaching 7.3mg/l towards seatwhg to the input of cold dense oxygenated
water sinking in Polar Regions. The sustenancehefltenthic/bottom dwelling organisms in
deep ocean water may be attributed to the obseareed in dissolved oxygen concentration
which is rarely limiting (higher concentrations tawls the seabed). Among other factors, the
amount of oxygen water can hold is dependent opéeature. The basic rule of thumb is colder
water has the ability to hold higher amounts ofdiged oxygen than warmer water. The pattern
of dissolved oxygen observed is also consistendsacprofiled stations. Contrary to popular
belief, the bottom waters in most of the seas a# exygenated due to the flow of nutrient and
oxygen-rich deep and bottom waters by the Soutrategial Currents and the Pacific through-
flow [18].

Turbidity is a unit of measurement quantifying thegree to which light travelling through a
water column is scattered by suspended organidufimg microorganisms) and inorganic
particles. It can be termed as a measure of “clmsd” in water. The causes of seawater
turbidity include waste discharge, urban run-offitbm feeders that stir up sediments, wave and
current actions (especially in less deep areas)walter bodies, turbidity may impart a brown or
other colour depending on the light absorbing prioge of the solids and may interfere with
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light penetration and photosynthetic reactions.[Z8le turbidity level of <1.00NTU observed in
the study area was consistent with the low TSSdaeeorded and indicates that seawater in the
area was clear to sight and would permit maximughtlipenetration into the photic zone for
photosynthetic activity.

The chemical characteristics of seawater providensight into the existing health status of the
marine environment of Gulf of Guinea. Nitrate idh#3), phosphate ions (P®) and sulphate
ions (SQ?), are the ionic forms of the essential nutrieritsogen, phosphorous and sulphur
respectively, which are essential to growth andadpction of plants and animals. Generally,
nutrients enter the marine environment through mrktarm water run-off, irrigation drainage,
agricultural run-off, etc. via creeks, rivers arstiuaries.

Aquatic species depend on the surrounding watgrawide their nutrients. Although a wide
variety of minerals and trace elements can be ifledsas nutrients, those required in most
abundance by aquatic species are nitrate and paiesfB3]. While nitrogen and phosphorus
occur in nature and are critical to plant life e tmarine environment, too much of the nutrients
cause an excessive growth of phytoplankton andrailganisms, which deprive marine life
including fish and plants of oxygen. The naturah@@ntration of nitrate in seawater is between
0.01mg/I at the surface, to 0.70mg/l at lower dspa4].

The nutrient concentrations in the seawater ofstiuely area were consistent across sampling
stations (p>0.05). Compared to natural levels miase seawater, the nutrient levels in seawater
of the area were high and may lead to high phytdtmn abundance as well as bloom in certain
microbial species in the area. NOPQ® and S@* concentrations are highest in the middle
followed by the bottom while the lowest concentrasi of these nutrients were recorded in the
surface water samples. This variation in nutriealtigs of surface, middle and bottom seawater
samples is however significant (p<0.05). N®Q* and SG@* concentrations in all the seawater
samples tested appeared in the ordef?S®PQ> > NO; with low N:P ratio of 1:3 at the
surface and 1:4 at the middle and bottom seawdtes. is contrary to the work of [25] who
reported up to 100:1 of N:P ratio in open oceain® fesult confirmed the work of [26, 27] who
observed that sulphate is abundant in seawateewiiifate concentrations are typically low.
[28] in his review also reported that sulphatenis of the major anions in seawater and is present
in excessive quantity. [29] reported nitrate coriion of as low as 0.049mg/l in seawater. The
difference observed could be attributed to diffeeeim methodologies used.

Approximately 50% of the world’s known petroleunseevoirs are present in carbonate rocks
[30]. Carbonate is utilized by marine organisms,combination with calcium to form their
skeletons of CaC$ Carbonate is primarily ion paired in solution lwibnly about 15% of it
actually present as free GOat any given point in time. This is very importatat the
maintenance of calcium and alkalinity levels in #eawater column, as the free carbonate
concentration has the tendency to precipitate wétlcium as calcium carbonate [31]. Except at
the sea surface where a mean carbonate concentmaéis 31.5mg/l recorded, the carbonate
concentration of seawater column was below thectletelimit.

The results revealed that aerobic heterotrophi¢ebacwere present in all the surface, middle
and bottom seawater samples obtained from the idigierep Atlantic Ocean (Golf of Guinea).
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Several previous studies have revealed the pres#fnaerobic heterotrophic bacteria in ocean
sites and in different coastal areas of tempetatipical and polar zones [7, 32 — 36].

The density of heterotrophic bacterial populationssurface, middle and bottom seawater
samples from the study area is in the range of 2.8C°cfu/ml and 7.80 x 1%&fu/ml. [7] stated
that the density of bacterial populations in seawasually ranges from i@o 1Fcfu/l when
cultured on artificial medium. Heterotrophic ba@kdensity of up to 10has also been reported
in seawater samples when direct microscopic metivad used [37]. This implies that
conventional culture methods usually detect onlpuabl0 percent of the viable aerobic
heterotrophic bacterial population but the micrggcacannot distinguish living from dead
bacteria.

Seawater exhibits antibiotic properties to mogtetdrial bacteria. This property of seawater is as
a result of factors, such as exposure to dayligldlimentation reactions, nutrient deficiencies,
high salt content and the presence of antibiotimmounds produced by algae, as well as the
grazing activities of zooplankton [38]. Low heteaghic bacterial density thus observed in the
seawater from the study area could be attributetidalistance from the nearest Nigerian shore
as well as depth and physico-chemical propertigketeawater.

The aerobic heterotrophic bacterial population bé tseawater column is in the order
surface>middle>bottom. This order supports the wafrk39] who concluded that the bacterial

population in the water column decreases with depifierence in total heterotrophic bacterial

values observed at various depths was significax0.05) but values were consistent across
sample stations (p>0.05).

Phenotypic characterization based on key morphcdbgind biochemical traits showed that all
of the offshore isolates showed taxonomic affisitie genug?seudomonasvorphological and
biochemical characteristics ®seudomonassolated in this study are similar to those ddweati

by various authors [16, 40 — 4¥seudomonas a well-known and widespread microorganism,
which have been isolated from a variety of natsmirces and characterized by a high level of
metabolic diversity [44, 45, 46Pseudomonakas also been isolated in the deepest recordéd par
of the ocean at 11,033m which lies in the Marian@n€h in the Pacific Ocean [47].
Pseudomonags known to possess physiologic and genetic cépebi for surviving and
proliferating under extreme environmental condisicsuch as alkaline and acidic conditions,
high and low temperatures and very high pressudemthe deep sea [16]. Possession of
multiple genes coding for all the three classegsilmbnucleotide reductases Pseudomonas
species is another adaptive feature for their sahboth in oxic and anoxic environments [46,
48]. Seawater environment is known to exhibit amdrobial effects on many bacterial species.

Acknowledgements

The authors wish to thank the Environmental lalmsyaand Consultancy unit of Fugro Nigeria
Limited, Port Harcourt, Nigeria for assisting imsgale collection and analysis. We are grateful to
Mr. Ademola Tinubu for producing map of the studga

480
Pelagia Research Library



Sunday B. Akindeet al Adv. Appl. Sci. Res,, 2011, 2(6):470-482

REFERENCES

[1] Sverdrup KA, Duxbury AC, Duxbury ABAn introduction to the world’s Oceai" edition,
Mc Graw Hill Inc. USA, ISBN 0-07-247280-2003. pp521

[2] Burke K, South African J Geql1996, 99 (4): 341-410

[3] SBE, Guide to specifying a CT,[5ea-Bird Electronics Inc. USRQ05, 82: 1-5

[4] Stewart EA,Chemical analysis of ecological material@'® edition, Blackwell scientific
publications. London, ISBN 0-632-017421889, pp368

[5] APHA, Standard methods for the examination of water arbtewater 20" edition,
American Public Health Association, American Wat#forks Association and Water
Environment Federation, USA, ISBN 0-87553-235-8§N555-19791998

[6] ASTM, Annual book of ASTM standarddmerican Society for Testing and Materials,
Philadelphia, ISBN 0-8031-2686-7999, 11: 01-05

[7] Cavallo RA, Rizzi C, Vossa T, Stabili Upurnal of Applied Microbiology1999, 86: 906—
916

[8] Pujalte, MJ, Ortigosa M, Macian MC, Garay Bternatl Microbiol., 1999, 2: 259-266

[9] Baik KS, Park, Y-D, Seong CN, Kim EM, Bae KSh& J,Int J Syst Evol Microbio] 2006,
56: 2185-2188

[10] Cruickshank R, Duguid JP, Marmion BP, Swain/RHedical microbiologylZh edition,
Vol. 2, Churchill Livingstone, Longman Group LimiteUSA, ISBN 0 443 01111 7 (limp)975
[11] Morgan FJ, Adams KR, Priest FGApplBacteriol, 1979, 46: 291-294

[12] Watahiki M, Hata S, Aida TAgric Biol Chem1983, 47: 1991-1996

[13] Olutiola PO, Famurewa O, Sonntag H&n Introduction to General microbiology: A
practical approach 1st edition, Germany, Hyginene - Institut Der nsitat Heidelberg, ISBN
3-89426-042-41991, pp 267

[14] Barrow GL, Feltham RKACowan and Steel's Manual for the IdentificationMédical
Bacterig 3¢ edition, Cambridge, UK: Cambridge University Prd€93, 331pp

[15] Yumoto I, Yamazaki K, Sawabe T, Nakano K, Kaak K, Ezura Y, Shinano Hint J Syst
Bacteriol 1998, 48: 1357-1362

[16] Yumoto I, Yamazaki K, Hishinuma M, Nodasaka Suemori A, Nakajima K, Inoue N,
Kawasaki Kinternational Journal of Systematic and Evolutiondficrobiology, 2001, 51: 349—
355

[17] Khan A, Izhari A, Rawat SAdvances in Applied Science ReseaPtil, 2 (2): 351-356
[18] Lalli CM, Parsons TRBiological oceanography: An Introductip@™ edition, Butterworth-
Heinmann Oxford, ISBN — 10: 0750633840, 13: 9788583840,1997, pp320

[19] Kiely G, Environmental engineeringinternational edition McGraw-Hill, ISBN 0-07-
116424-31998, pp979

[20] Jin B, He Y, Shen J, Zhuang Z, Wang X, Lee F&EE&nviron. Monit2004, 6: 673-678

[21] King CAM, Introduction to physical and biological oceanogrgpELBS edition, Edward
Arnold Publishers Ltd, London, ISBN 0-7131-6225t981, pp372

[22] Eder W, Jahnke LL, Schmidt M, Huber Rpplied and Environmental Microbiolog001,
67(7): 3077-3085

[23] Peavy HS, Rowe DR, TchobanoglousEayironmental engineerindart Two, Mc Graw-
Hill Book Company, 1985

481
Pelagia Research Library



Sunday B. Akindeet al Adv. Appl. Sci. Res,, 2011, 2(6):470-482

[24] Hem JD,Study and interpretation of the chemical charactics of natural water3¢
edition, United States Geological Survey Water-Supiaper 2254, U.S. Government Printing
Office, 1985

[25] Downing JA,Biogeochemistry1997, 37(3): 237-252

[26] Coates JD, Anderson RT, Woodward JC, Philegd®, Lovley DREnviron. Sci. Technal.
1996, 30 (9): 2784-2789

[27] Rothermich MM, Hayes LA, Lovley DREnviron. Sci. Technql2002, 36: 4811-4817

[28] Ito K, Anal. Chem 1997, 69: 3628—-3632

[29] Hu W, Haddad PR, Hasebe K, Tanaka K, Tong IRpdKC,Anal. Chem 1999, 71: 1617—
1620

[30] Strand S, Standnes DC, AustacEhergy & Fuels2003, 17: 1133-1144

[31] Millero FJ,Chem. Rey 2007, 107: 308-341

[32] Billen G, Jouris C, Meyer-Reil LA, Lindebloom, Journal of Sea Research990, 26 (2—
4): 265-293

[33] Velimorov B, Walente-Simon Mylarine Ecology Progress Seriek992, 80: 237 — 248

[34] Ducklow HW, Kirchman DL, Quinby HL, Carlson GAam HG,Deep Sea Research
1993, 40: 245-263

[35] Wiebe WJ, Sheldon WM, Pomeroy LRjcrobial Ecology 1993, 25: 151-159

[36] Hopkinson CS, Sherr BF, Wiebe WMarine Ecology Progress Seriegk998, 51: 155-166
[37] Faria D, Bharathi LCurrent Science2006, 90 (7): 984-989

[38] Preston MR, InChemical Oceanography/ol 9,J.P. Riley and R. Chester (Eds). Academic
Press 1987, pp55-196

[39] Bianchi A, InAquatic Microbial Ecologyed. Colwell, R. R. and Foster, J. A. pp. 372-376.
University of Maryland, College Park: Maryland Seeant Publication1980

[40] Quigley MM, Colwell RRJournal of Bacteriology1968, 95(1): 211-220

[41] Wang L, Jayarao BM]. Dairy Sci, 2001, 84: 1421-1429

[42] Romanenko LA, Uchino M, Falsen E, Frolova GMhukova NV, Mikhailov VV,
International Journal of Systematic and Evolutiopdicrobiology 2005, 55: 919-924

[43] Karakoc S, Aksoz NTurk J Biol, 2006, 30: 81-85

[44] Rossello RA, Garcla-Valdes E, Lalucat J, UgsinSyst Appl Microbial 1991, 14: 150-157
[45] Moore ERB, Mau M, Arnscheidt A, Bottger EC, tdan RA, Collins MD, van de Peer Y, de
Wachter R, Timmis KTSyst Appl Microbial 1996, 19: 478-492

[46] Filiatrault MJ, Picardo KF, Ngai H, Passadordlewski BH,Infection and Immunity2006,
TA(7): 4237-4245

[47] Kato C, Li L, Tamaoka J, Horikoshi lExtremophiles1997, 1(3): 117-123

[48] Jordan A, Torrents E, Sala I, Hellman U, GiberReichard PJournal of Bacteriology
1999, 181(13): 3974-3980

482
Pelagia Research Library



