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ABSTRACT

Heavy metal absor ption capacities of 43 microbial isolates belonging to seven bacterial and five fungal genera was
investigated using initial concentrations of 0.1 and 1.0 (mg/l) of copper, nickel, cobalt, lead and chromium . The
bacterial species included Bacillus sp, Norcardia sp, pseudomonas sp, Micrococcus sp, Acinectobacter sp,
Alcaligens sp and Serretia sp. The fungal isolates were Aspergillus sp, Rhizopus sp, Penicillium sp, Geotrichum sp,
and Fusarium sp. These isolates were obtained from hydrocarbon contaminated soils collected from five mechanic
workshops located in Abraka, Warri, Ughelli (Delta State), Kiama (Bayelsa Sate) and choba (Rivers State) all in
the Niger Delta region of Nigeria. Each of the isolates absorbed the various heavy metals though, to varying extents
in the order: Aspergillus sp > Rhizopus sp > Fusarium sp > Penicillium sp > Geotrichum sp > Nocardia sp >
Bacillus sp > Pseudomonas sp> Micrococcus sp > Acinectobacter sp > Alcaligens sp > Serretia sp. It was
observed that uptake of the respective heavy metal by each test isolate at initial concentration of 1.0 mg/l were
significantly higher than at 0.1 mg/l (p = 0.05). However, there was no significant difference in heavy metal uptake
among organisms of same genus obtained from the five locations (p = 0.05).

INTRODUCTION

Several human activities have resulted in elevatedtentration of metals in many terrestrial envinents. Chronic
and acute metal pollution arises from a numberndfirpogenic sources including petroleum industtyvéies,

fossil fuel combustion, industrial fissions, agitaual pesticides and domestic and industrial effiludischarges [1]

Heavy metals have a great ecological significange tb their toxicity and accumulative behavior [Zhey

constitute a large class of inorganic chemicals bi@accumulate in food chains where they disrupthemical and
physiological activities of many organisms. Thusm)sing carcinogenesis of some organs, mutagemetsie genetic
material, impairment in reproductive capacity and¥@amorrhage in exposed populations [3].

The threat of heavy metal pollution to public hkeahd the ecosystem has led to an increased ihierédsveloping
systems that can remove or neutralize its toxieat$fin soils, sediments and wastewaters. It i$ iwebgnized that
microorganisms have a high affinity for metals arah accumulate heavy metals by a variety of meshai
However, in the Niger Delta region of Nigeria, otitgle information exists on the use of microorgans in the
remediation of heavy metal contamination in teriesecosystems. Therefore, this paper focusesvatuating the
potential ability of the microbiota of heavy metantaminated soils in the region, in other to dwnt as metal
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bioconcentrators and hence ultimately determiniregself-remediation capability of such heavy metaitaminated
ecosystems.

MATERIALS AND METHODS

Sample Collection

Surface soil samples were collected from auto-machaorks located in Choba (Rivers State), Kiamay@sa
State), Abraka, Warri and Ughelli (located in DeBtate) Nigeria. The samples were collected froeasiin the
workshops where diesel, petrol and lubricatingnate dumped. Four samples were collected from esathanic
workshop and transported to the laboratory in ngdegan black polyethylene bags within six hours afextion for
analysis.

Determination of the Physico-chemical parameters dboil Samples
The four samples obtained from each workshop, wered together thoroughly using a sterile spatula the pH
and moisture content of the various samples wetermiéned adapting the methods in AOAC [4].

Determination of Heavy Metals Present in Soil Sampk

The heavy metal analysis of each of the soil sasnpddlected was done using atomic absorption spglottometer
(Unicam 929 AA Spectrometer, UK). The heavy metaspnt and their respective concentrations deteanihe
choice of heavy metals used in this study.

Isolation and Identification of Test Organisms

The vapour phase technique was adopted for thatigolof bacterial species from the soil sampldss Thvolved
the use of mineral salt agar medium with the follmyvcomposition in g/L: MgS04.7H20 — 0.4, KCL - 8,2
K2HPQO, — 1.2, KHPO, — 0.8, NHNO; — 0.4g, NaCl-20g agar 15g, distilled water 1L. igas dilutions (0.1ml
amounts) were inoculated into mineral salt agangishe pour plate technique. Thereafter, filtergragoaked in
crude oil was then placed on the lid and incubatidlowed immediately at room temperature for aadion of 4-7
days.

The method of Fawole and Oso [5] was adapted insthlation of fungal species. Various dilutionseafch sample
were inoculated onto the surface of freshly pregp&@abaraud Dextrose agar containing 0.1%v/v crildesimg the
spread plate technique. The plates were incubataahlsient temperature for 48hours.

Pure stock cultures of bacterial isolates were attarized and identified using criteria in Hettal. [6]. Fungal
identification was done according to Bannet andtillufy].

Biosorbent Preparation

Bacterial and fungal isolates from the various lstogltures were inoculated onto the surface oftiseprepared
nutrient agar and Sabauraud Dextrose agar plaseectvely by streaking in other to obtain a lavfrihe of each
organism. Plates were incubated at appropriate e¢estyres at a duration of 24h and 72h for bactamic fungi

respectively. At the end of incubation duration awigms were harvested into clean sterile and pighesd

crucibles. The respective isolates were dried tstnt weight by heating in an oven at®0Death or non viability
of isolates was confirmed by inoculating onto theface of appropriate medium and absence of gromah

indicative of positive result

Heavy Metal Preparation

The heavy metals used in this study include sugpbalts of chromium, lead, nickel, copper and dofi&le choice
of heavy metal used was based on the results dfsésaf various soil sample used. One gram eqaitadf each of
the metals in the different metal salts were weighad dissolved in 1000ml of sterile deionized watemake
stock concentration. Subsequent ten-fold seriaitidihs were performed to obtain 100mg/L, 10mg/L,gilmand
0.1mg/L. However, only 0.1 and 1.0 (mg/L) which negented the range of concentration of the varlwessy
metals present in the soil sample was used.

Biosorption Test Studies
The batch biosorption experimental method was usedetermine the sorption of the each heavy meyathle
various isolates obtained. Specific weights (0.&fg)he respective biomass were introduced into 16ihthe each
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heavy metal concentration contained in a 100mlrienkeyer flask for 24h at room temperature on a yashaeker at
120 rpm. At the end of incubation duration, thenléss was separated by centrifugation at 4000rpr8Cfotinutes
and supernatants were analysed for residual metalenitration using an atomic absorption spectrapheter. The
sorbate or heavy metal uptake [q (mg metal/g diig)jevas calculated [8] as:

q=V(L) x (G- G)(mg/L)
S(9)

Where,

g = heavy metal uptake

V = volume of metal solution

C, = initial concentration of metal in solution
C: = final metal concentration in solution

S = mass of dried cells

RESULTS AND DISCUSSION

Microbial isolates of the hydrocarbon contaminated samples consisted of seven bacterial andrfivald species
as presented in Table 1. The bacterial isolates ®acillus sp, Norcardia sp, Pseudomonas sp, Micrococcus sp,
Acinectobacter sp, Alcaligenes sp and Serretia sp while fungal isolates includeéspergillus sp, Fusarium sp,
Geotrichum sp Rhizopus sp andPenicillium sp. The result clearly showed that both bacteria amgjifare associated
with hydrocarbon contaminated soils. The isolatidrthese organisms from hydrocarbon contaminatédhswe
been attributed to either their ability to utilitee hydrocarbon or an ability to tolerate hydrocarkoxicity [9]. The
occurrence ofNocardia sp in soil sample obtained from only one of the sixistet is indicative of the fact that it
might be unconnected with the utilization of hydrdmon. Therefore the isolate can be said to baigah

Results of heavy metal uptake by various isolati#gained Abraka, choba, Kiama, Warri and Ughelltistes are
presented in Tables 3, 4, 5, 6 and 7 respectilfpyake of copper, nickel, cobalt, lead and chromlwBacillus
strains isolated across the five statioasged from 0.45 - 0.8, 0.42- 0.60, 0.18 -38, 0.B-and 0.2- 0.0.36 (mg/g
dry wt) respectively at initial metal concentratiafi 0.1mg/l. At initial metal concentration of @/l the
respective values of uptake ranges were 7.40 -12.00 -10.00, 4.00 - 11.42, 5.72 -11.8, 2.4-1@06/g dry wt).
0.08-0.74, 0.14-0.4, 0.1-0.38, 0.2-0.4 and 0.1&®my/g dry wt) were the respective ranges of coppikel,
cobalt, lead and chromium biosorbed at initial rhetacentration of 0.1mg/l blyseudomonas spp isolated across
the five stations. Also, at initial metal concetitta of 1.0mg/l the respective ranges of uptakd>sgudomonas spp
were 5.70-12.18, 4.22-7.94, 1.40-4.00, 0.56-9.@D3R6-8.00 (mg/g dry wt). Similarly, the rangediuf respective
heavy metal uptake at initial metal concentratiéi®.Amg/l by strains oMicrococcus Acinectobacter Alcaligens
Serratia, Aspergillus, Rhizopus and Penicillium obtained across the five stations were 0.14-00206-0.20, 0.10-
0.20, 0.06-0.20 and 0.02-0.2 (mg/g dry wt), 0.00900.04-0.68, 0.04-0.40, 0.02-0.28 and 0.00-0\§/¢ dry wt),
0.00-0.04, 0.12-0.20, 0.02-0.2, 0.20-1.02 and 0.0@- (mg/g dry wt), 0.00-0.34, 0.00-0.20, 0.00-0.2@4-0.40
and 0.00-0.34 (mg/g dry wt), 0.80-1.80, 0.80-1.41860.64, 1.12-1.92 and 0.6-1.98(mg/g dry wt), 61824, 0.10-
0.30, 0.66-6.82, 1.30-1.96 and 1.90-2.00(mg/g dty ®@.82-1.00, 0.20-0.82, 0.76-0.82, 1.64-1.80 ar@D-1.98
(mg/g dry wt). Again, the ranges of uptake of cappéckel, cobalt, lead and chromium by the différstrains of
Micrococcus Acinectobacter Alcaligens, Serratia, Aspergillus, Rhizopus and Penicillium obtained across the five
stations were 6.0-6.32, 2.0-3.6, 0.20-2.52, 2.8 &d 3.60-3.96 (mg/g dry wt), 0.58-2.00, 0.32-3.268-2.98,
0.2-0.28 and 2.4-4.00 (mg/g dry wt), 0.58-2.00012.00, 0.02-4.00, 0.20-2-00 and 2.40-4.00 (mgygvet), 1.00-
2.20, 0.80-2.80, 1.00-2.00, 0.00-2.38 and 1.18213078-17.00, 5.20-16.00, 12.00-16.00, 9.00-1244d 10.00-
12.90 (mg/g dry wt), 11.00-14.34, 1.20-14.34, 1412870, 10.32-13.96 and 13.60-16.62 (mg/g dry wt} 40.40-
11.62, 3.00-11.62, 13.68-16.70, 11.20-11.90 an86L14.00 respectively.

In this experimentation, all the dead bacteriahtags sorbed heavy metals though to varying degfdmspattern

of metal uptake among bacterial isolates varied:tRw >Ni> Pb > Co > Cr foBacillus sp, Cu>Ni > Pb > Cpr Co

for Norcadia sp, Cu > Ni> Pb> Cr > Co forPseudomonas sp, Cu > Ni> Pb> Cr> Cofor Micrococcus sp. Ni > Cr
>Co>Pb>Cu, Cr>Co >Cu>Ni >Pb and Ni Pb > Cu > Co = Cr were the trends in uptake observed for
Acinectobacter sp, Alcaligenes sp and Serretia sp respectively. Among the fungal sorbents the trehdiptake
demonstrated was: Cu > NiCo > Cr > Pb @spergillussp), Cu = Ni > Co > Ck Pb Fusariumsp), Co = Cr> Cu

= Ni > Pb Geotrichum sp), Co> Cr > Cu> Pb > Ni Rhizopus sp) and Co > Cr> Pb> Cu > Ni (Penicillium sp).
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Table 1: Occurrence of various bacterial and fungaisolates in study stations

Isolates Stations
Choba Kiama Abraka Warri Ughelli

Bacteria
Pseudomonas + + + + +
Bacillus + + + + +
Nocardia - - + - -
Micrococcus + - + + -
Acinectobacter + + - + +
Alcaligenes + - + + +
Serretia + + - + +
Fungi
Aspergillus + + + + +
Fusarium - - - + +
Geotrichum - - - + +
Rhizopus nigricans + + + + +
Penicillium notatum - + + - +

Key: + = Present

- = Absent

Table 2: Physico-chemical properties of various sisamples

Propert Statior
Choba Kiama Abraka Warri Ughelli
Moisture content  21.89 25.10 15.63 17.89 12.44

pH 6.59 6.8 6.4 6.12 6.2
Heavy metals

Copper 0.09 0.01 1.06 0.08 0.03
Cobalt 0.22 0.06 0.008 0.01 0.48
Chromium 0.13 0.1 0.16 0.1 0.06
Nickel 0.84 1.04 0.07 0.09 0.01
Lead <0.001 0.01 0.66 1.02 0.01

Table 3: Concentration of various heavy metals sodxd by test isolates obtained from Abraka station ahitial metal concentrations of 0.1
and 1.0 (mg/L).

Heavy metal uptake (mg/g)

Isolate Copper Nickel Cobalt Lead Chromium
loa ke loa Lc loa ke lo.a b loa Lc

Bacillus 0.80 10.8 0.42 8.60 0.18 4.00 600. 5.72 0.20 3.60
Norcardia 1.60 17.9¢ 1.04 137 0.0 3.6¢ 1.20 9.€0 040 4.0

Pseudomonas 0.08 5.70 0.28 4.22 0.10 1.40 200. 4.00 0.16 3.76
Micrococcus 0.14 6.00 0.06 2.00 0.20 0.20 060. 2.00 0.02 3.96
Acinectobacter  0.04 1.16 0.04 0.40 0.04 0.58 020. 0.60 0.00 3.80
Aspergillus 1.18 14.40 1.00 520 0.30 14.40.80 10.40 1.60 11.60
Rhizopus 1.02 14.00 0.04 5,60 0.76 14.80.60 10.00 196 15.12
Penicillium 0.96 1040 0.20 3.00 0.80 16.00.64 11.20 198 13.86
Key: lo1= Initial metal concentration of 0.1mg/l
. l10= Initial metal concentration of 1.0mg/I

Table 4: Concentration of various heavy metals sodxd by test isolates obtained from Choba station atitial metal concentrations of 0.1
and 1.0 (mg/L).

Heavy metal uptake (mg/g)
Isolate Copper Nickel Cobalt Lead Chromium
loa bc loa be  loa ke lo.a ke lo.a ke
Bacillus 0.80 12.00 0.60 10.00 0.32 4.00 0.5.00 0.20 3.56
Pseudomonas 0.60 6.00 0.40 6.00 0.28 2.08 0.3®.00 046 4.98
Micrococcus 0.20 6.32 0.20 3.60 0.40 4.00 0.2(.78 0.20 3.60
Acinectobacter  0.20 2.00 0.18 1.00 0.20 2.52 0.02.00 0.10 3.60

Alcaligenes 0.00 2.00 0.12 1.00 0.20 4.00 0.3@.00 0.02 3.68
Serratia 0.00 1.80 0.00 2.00 0.20 2.00 0.181.60 022 1.18
Aspergillus 1.20 16.00 0.82 5.80 040 16.00 1.84.58 156 12.00
Rhizopus 1.20 1296 024 232 196 14.28 1.3010.32 1.96 13.60

Key: 191 = Initial metal concentration of 0.1mg/l
: l10= Initial metal concentration of 1.0mg/l
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The differences noticed in the amounts of heavyaladbioconcentrated by each organism are indicaifvene
selectivity in metal uptake by the various testdses. An overview of results obtained as presemtéichbles 3 - 7,
revealed that metal uptake by the various isoldezseased in the ordekspergillus sp > Rhizopus sp > Fusarium
sp > Penicillium sp > Geotrichum sp > Nocardia sp > Bacillus sp > Pseudomonas sp> Micrococcus sp >
Acinectobacter sp > Alcaligens sp > Serretia sp. There was a significant difference in the uptakehef various
heavy metals between the fungal and bacterial biesds. Also, for each heavy metal there was aifgignt
difference at p = 0.05 in its uptake by the respectest isolate. However, among fungal isolatexghwvas no
significant difference in uptake of various heavgteds (p = 0.05).

The fungi isolates showed a higher capacity of isgrll tested metal ions from solution in companigo bacterial
isolates. However, residual concentration of heaeyal in solutions that receivébrcardia was either equivalent
to or a little lower than those of fungal isolatéhis may be attributable to its tendency to foriycatia which may
have provided a greater surface area for metatisarSimilarly, the presence of mycelia and hyphesy account
for the higher sorption capacity displayed by tbadlcells of the fungal isolates.

Table5: Concentration of various heavy metals sorlikby test isolates obtained from Kiama station ainitial metal concentrations of 0.1
and 1.0 (mg/L).

Heavy metal uptake (mg/g)
Isolate Copper Nickel Cobalt Lead Chromium
IO.l LC IO.l l.C |0.1 LC IO.l l.C IO.l !L.C
Bacillus 0.64 10.00 046 826 038 7.86 0.201.80 0.06 240
Pseudomonas  0.74 120 0.32 5.1&¢ 038 29¢ 040 0.5€ 0.40 5.5¢€
Acinectobacter  0.00 0.58 0.20 0.32 0.02 1.80 0.20.20 0.00 240

Serratia 0.20 2.20 0.20 0.80 0.00 1.00 0.0@.00 0.34 2.00
Aspergillus 1.80 17.00 1.40 1582 0.60 1400 1.700.00 140 11.40
Rhizopus 124 1400 038 120 080 1640 198226 198 14.00

Penicillium 1.00 11.18 0.24 4.00 0.82 13.68 1.8011.78 1.98 11.86
Key: 101 = Initial metal concentration of 0.1mg/l
. l10= Initial metal concentration of 1.0mg/I

Table 6: Concentration of various heavy metals sodd by test isolates obtained from Warri station atnitial metal concentrations of 0.1
and 1.0 (mg/L).

Heavy metal uptake (mg/g)
Isolate Coppe Nickel Cobal Leac Chromiun
IO.l Il.C IO.l Il.C IO.l Il.C IO.l |1.C IO.l Il.C
Bacillus 0.46 7.40 044 400 020 1192 0.606.00 0.36 10.00
Pseudomonas  0.58 12.18 0.14 794 028 4.00 1.207.94 0.32 8.00
Acinectobacter  0.20  2.00 0.68 326 040 2098 0.282.90 0.30 4.02

Alcaligenes 0.04 1.60 0.18 2.00 0.12 1.64 1.02.00 0.12 4.00
Serratia 0.34 1.00 0.20 2.80 0.00 1.64 0.2a.00 040 2.38
Aspergillus 1.02 16.00 1.02 16.00 0.64 15.80.921 12.14 198 129
Fusarium 0.86 12.84 0.86 12.84 040 12.18.041 9.04 0.80 10.22
Geotrichum 0.34 8.00 0.34 8.00 032 1200 012 6.78 032 12.00
Rhizopus 1.20 1434 1.20 1434 0.82 17.70941 1396 2.00 16.62

Key: lo1= Initial metal concentration of 0.1mg/l
. l10= Initial metal concentration of 1.0mg/I

The uptake of heavy metals by bacterial sorbentddcbe as a result of the interaction between tle¢ats and
amphoteric groups such as the carboxyl and phogpigooups that occur within the constituent polymerf
bacterial cell walls which act as if they were gmew ion exchange resin[10]. In this study, Gramitp@scells
displayed a higher sorption capacity than the Gnagative isolates. According to Beveridge [10]cleic acid in
the cell walls of Gram positive bacteria, had vieigh potentials as chemosorption sites.

Again, it was observed that uptake of the respedteavy metal by each test isolate at initial eot@tion of 1.0
mg/l were significantly higher than at 0.1 mg/l €p0.05). This finding suggest that metal uptake riraylve

diffusion phenomenon whereby, metal ions move fregions of high concentrations to low concentratiand the
fact that the steeper the concentration gradibatntore rapid is the movement of molecules or jahk

Furthermore, there was no significant differentéa@avy metal uptake among organisms of same gertamed
from the five locations (p = 0.05). This clearlydicates that the performance of these strains sdhes stations
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studied were similar. Therefore, in events of contetion by hydrocarbons, the presence of thesanisgis would
go along way in immobilizing the associated heawtahcontaminants in soils thereby minimizing torftects
irrespective the location of contamination.

Table 7: Concentration of various heavy metals sodd by test isolates obtained from Ughelli stationtanitial metal concentrations of 0.1
and 1.0 (mg/L).

Heavy metal uptake (mg/g)
Isolate Copper Nickel Cobalt Lead Chromium
IO.l !L.C IO.l !L.C IO.l LC |0.1 LC IO.l !L.C
Bacillus 0.80 10.80 0.42 8.60 0.18 4.00 .600 5.72 0.20 3.60
Pseudomonas 0.08 5.70 0.28 4.22 0.10 1.40 200. 4.00 0.16 3.76
Micrococcus 0.14 6.00 0.06 2.00 0.20 0.20 060. 2.00 0.02 3.96
Acinectobacter  0.04 1.16 0.04 0.40 0.04 0.58 020. 0.60 0.00 3.80

Alcaligenes 0.00 0.58 0.20 1.80 0.02 0.02 200. 0.20 0.00 2.40
Serratia 0.00 1.00 0.00 2.00 0.00 2.00 000. 1.20 0.00 1.60
Aspergillus 0.80 13.78 0.80 5.84 0.28 12.00.121 9.00 0.60 10.00
Rhizopus 0.82 11.00 0.10 4.00 0.66 15.12761 12.00 1.98 14.00
Penicillium 0.82 11.62 0.82 11.62 0.76 16.70.76 11.90 1.90 14.00

Key: 191 = Initial metal concentration of 0.1mg/l
. l10= Initial metal concentration of 1.0mg/l
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