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The study investigated the antibiogram profile and heavy metal
tolerance of bacteria cultured from soils collected from metal scrap
dumpsites in Benin City. Enumeration and characterization of
bacterial isolates were carried out using standard procedures. The
agar diffusion and Kirby-Bauer disc diffusion methods were used in
determining the minimum inhibitory concentration (MIC) and the
antibiotic susceptibility profile respectively. The total heterotrophic
bacteria count ranged from 12.50 + 3.44 to 22.50 + 8.12 (x10%cfu/g),
while the control sample has 34.50+11.57(x10%cfu/g), Six (6)
bacterial isolates were identified; Bacillus subtilis, Micrococcus sp.,
Arthrobacter sp., Corynebacterium sp., Pseudomonas aureginosa
and Escherichia coli. The Minimum inhibitory concentrations of the
various isolates ranged from 5 to 25mg/l. Lead and cadmium showed
the highest inhibition against bacterial isolates with MIC values
between 5 and 10mg/l except Pseudomonas aeruginosa which
tolerated cadmium at 15mg/l. Iron and zinc highly inhibited the
isolates with MIC values ranging from 10 to 25mg/l. The bacteria
isolates showed about 67% resistance to at least three test antibiotics
with a multiple antibiotic resistance index of 0.3. The presence of
resistant bacteria to heavy metal and antibiotics in the scrapyard
soils could be critical to the health of the nearby residents as the
scrapyard may act as a reserviour for the transmission of the
antimicrobial agents

1. Introduction

Much research in recent years has focused on the loss of the therapeutic effect of antibiotics due to
the surge in antibiotic-resistant bacteria [1]. More recently, the natural environment as a sink or
reservoir for the exchange of antimicrobial-resistant genes has generated considerable research
interest [2,3].

Scrapyards are haphazardly sited in urban centres in Nigeria where all kinds of scraps from
abandoned automobiles, machinery, and electrical appliances are disassembled and recycled for
further usage. One of the major contaminants present in metal scrapyards soil is heavy metals. They
are toxic at high levels and adversely affect the environment when not properly managed [4].
Exposure of bacteria to toxic levels of heavy metals and antibiotics, as a result of diverse
anthropogenic activities and abuse of antibiotics have contributed to the emergence of bacterial
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resistant genes [5,6]. The co-existence of more than one antimicrobial such as antibiotics and heavy
metals in microorganisms was due to the mechanisms of co-resistance and cross-resistance [7,8].
Co-resistance involves the presence of phenotypic resistance genes on a similar transmissible
genetic element such as plasmids, transposons, and integrons which serve as physical vectors for
the transmission of resistance genes from one microorganism to another conjugation [7]. On the
other hand, cross-resistance occurs when varying antimicrobial agents — such as heavy metals and
antibiotics target similar microorganisms through the same pathway, thereby resulting in cell death
[7]. Several authors have reported the adverse effect of metals such as cadmium, copper, lead and
zinc on the microbiological balance of the soil, especially when present in high concentrations
[9,10,11,12]. Decreasing microbial counts and diminishing microbial diversity are the common
disorders associated with the increased heavy metal presence in soil [13]. However, little attention
has been given to the effect of the co-occurrence of more than one antimicrobial on soil bacteria.
Studies on the relationship between heavy metals and antibiotic resistance in the environmental
media cannot be overemphasized, since environmental reservoirs are one of the several routes by
which antimicrobial resistance genes are transmitted to humans [14]. This study, therefore, assessed
the presence of heavy metal and antibiotic resistance profile of bacterial isolates from scrapyard
soils around Benin City, Southern Nigeria.

2. Materials and Method

2.1 Study area

Twelve scrapyards, (four each) were randomly selected across Oredo, Egor and Ikpoba Okha Local
Government areas in Benin City, Nigeria. The choice of these locations stems from the proximity
of the scrapyards to residential neighbourhoods.

The scrapyards were located in Aduwawa, St. Saviour, Ibiwe, lyaro and Uwelu areas of the city and
were made up of various abandoned automobiles, pieces of machinery and electrical appliances
which are brought by scavengers for sale.
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Figurel: Map of Benin City showing the sampling locations

2.2 Sample collection:
Surface soil samples were collected from 12 scrapyards between February and April 2020. About
100g of the surface soil samples were obtained in triplicates at a depth of 2 — 20 cm with the aid of
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a soil auger. The surface debris on the soils was removed before sampling. The samples were
dispensed into sterile containers and appropriately labelled. A control soil sample was obtained from
the University of Benin botanical site Ugbowo, Benin City.

2.3 Enumeration and identification of heterotrophic soil microflora

The mean heterotrophic bacteria in the soil samples were examined with the aid of serial dilution
and pour plate technique as described by [15,16]. Quantification of the discrete bacterial colonies
was done and expressed in colony-forming units (CFU/g). After enumeration, sub-culturing was
carried out in duplicates, the culture plates were agitated and left to solidify and incubated at 35°C
for 48 h. Distinct colonies of bacterial were purified and identified by the methods described by
[17].

2.4 Determination of minimum inhibitory concentrations (MICs) of heavy metals

The Agar diffusion method was used in determining the MICs of the metals as described by [18].
The metals Pb?*, Cd?*, Zn?* and Fe?* were used as PbCl, CdCly, ZnCl, and FeCl; salts respectively.
Stock solutions of the metals (100mg/I) were prepared and five varying concentrations (5 mg/l, 10
mg/l, 15 mg/l, 20 mg/l and 25 mg/l) of the different metal salts were tested on the bacterial isolated
from the scrapyards. Zones of inhibitions (mm) were measured after 24 h of incubation using a
meter rule Pure isolates were inoculated on basal media without the salts of the heavy metals to
serve as the control.

2.5 Determination of antibiotic susceptibility profiles

The Kirby-Bauer disc diffusion method following modified [19]. was employed to examine the
resistance of bacterial isolates to antimicrobial agents. A loop full of the test bacteria was inoculated
into 3.5 mL of normal saline. The suspension of the test isolates was then adjusted to 0.5 McFarland
turbidity standards. Each of the test suspensions was streaked on Mueller-Hinton agar plates using
a sterile swab stick. Antibiotic disc obtained from Becton Dickinson; the USA was aseptically
placed in the streaked agar plates. The antibiotic sensitivity discs utilized include; aminoglycosides
{streptomycin (30pg) and Gentamycin (30pg)}, Septrin (15pg), macrolides {(erythromycin (15pg),
Ampicillin  (30pg)}, Beta-lactamase inhibitors {(Amoxicillin (30ug), Augmentin (10ug)},
quinolones {Ciprofloxacin (30pg), Pefloxacin (10ug), Sparfloxacin (30pg)}, phenicols
{(Chloramphenicol (10pg). The impregnated agar plates were left to absorb for 10 min and
incubated at 37°C for 24 h. The diameter of the zones of inhibition shown by the various scrapyard
soil bacterial isolates against the test antibiotics was interpreted into resistance and susceptibility
categories according to the [19].

2. Results and discussion

The mean concentrations of the total heterotrophic bacteria count in the sampled scrapyard soils is
shown in Figure 2. The average bacteria population ranged between 12.50 + 3.44 and 22.50 + 8.12
(x103%cfu/g) across the sampling sites. The highest count was recorded at SY5 and SY6 while SY10
has the least concentration of bacteria. The concentration of bacterial in the scrapyard sites was
lower than the mean bacterial counts in the control soil 34.50 + 11.57 (x10%cfu/g) (Figure 2).
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Figure 2: Mean concentration of total bacteria isolates

Lower bacteria counts were obtained in the scrapyard soils compared to the control soils. The
reduction in the microbial population could be associated with the influence of stressors such as
heavy metals present in the scrapyard soils. This may have resulted in increased utilization of energy
by the microbial populations and subsequent reduction in the available substrates for their growth
[20,21]. This finding was however at variance with the earlier studies by [22,23] who reported
higher bacterial counts from contaminated systems in Nigeria.

The phenotypic characterization of isolates revealed six bacterial genera which include Bacillus
subtilis, Micrococcus sp., Arthrobacter sp., Corynebacterium sp. P.  aeruginosa and Escherichia
coli. The study revealed that the bacteria isolates exhibited varying growth on the agar impregnated
with heavy metal salts ranging from 0 to 25 mg/l concentration of heavy metals (Pb%*, Cd?* Zn?*
and Fe?").

Table 1: Minimum inhibitory concentration (MIC) Bacterial isolates

Highest concentration of heavy metal at which
bacterial isolates were able to grow (mg/l)

Bacterial Isolates Lead Cadmium Iron Zinc
Bacillus subtilis 5.0 5.0 10.0 20.0
Micrococcus sp. 0.0 0.0 10.0 10.0
Arthrobacter sp. 5.0 5.0 10.0 10.0
Corynebacterium sp 5.0 5.0 15.0 15.0
Pseudomonas aeruginosa 10.0 10.0 20.0 25.0
Escherichia coli 5.0 5.0 10.0 10.0

There was abundant growth of all isolates in the control agar plates without heavy metal salts. All
bacteria isolates exhibited low MIC values towards Pb and Cd except Pseudomonas aeruginosa,
which tolerated Pb and Cd at 10mg/I.
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The inhibition of bacteria isolates exhibited by Pb and Cd as revealed by the low MICs in this study
Is similar to the reports of [22,24] who also observed the toxic effect of Pb and Cd on
microorganisms. Cadmium and lead can enter bacterial cells through transport systems for essential
bivalent cations, such as Mn?* [25,26]. Bacterial toxicity by Cd?* and Pb?* is caused by interaction
with nucleic acids, binding to essential respiratory proteins, oxidative damage by the production of
reactive oxygen species, and by displacing Ca?* and Zn?* in proteins [27] Pseudomonas sp. can
synthesize extracellular polymers (EPS) that attaches cations of toxic metals, thereby protecting
metal susceptibility and essential components of bacteria.

This study revealed that all bacterial isolates from scrapyards were highly tolerant to iron and zinc
with MIC ranging from 10 to 25mg/l. Bacillus subtilis and Corynebacterium sp. exhibited the
highest minimum inhibitory concentration (MIC) of 25mg/l, 20mg/l and 15mg/l respectively for
Zinc. Iron showed the highest MIC of 20mg/I towards Pseudomonas aeruginosa and the least MIC
of 5mg/I towards Corynebacterium sp. (Table 1). This finding agrees with the reports of [24] who
noted that bacterial isolates from contaminated systems tolerated high concentrations of Zn and Fe.
Unlike Cd and Pb, Zinc and Iron act as an essential trace element in the development, growth and
differentiation of all living systems including bacteria [28] One of the fundamental characteristics
of all living cells including bacteria is the ability to maintain the intracellular Zn?* and
Fe2*concentration within safe limits. Zinc concentration is maintained in bacterial cells by
sequestration of metal ions and Zn?* export across the cytoplasmic membrane [29]. While the
presence of iron-oxidizing systems in bacteria enhances metal ion transformations.

The antibiotic susceptibility test showed that the isolated gram-positive bacteria (Bacillus
subtilis, Micrococcus sp., Arthrobacter sp., Corynebacterium sp. isolates were resistant to
Ampiclox and Ampicillin  but were susceptible to Ciprofloxacin, Penicillin and
Erythromycin. Pseudomonas aeruginosa and E. coli were resistant to chloramphenicol, pefloxacin
and streptomycin and Sparfloxacin (Table 2). The maximum antibiotic resistance index of the test
antibiotics ranged from 0.2 to 0.3.

Table 2: Zone of inhibition (mm) for antibiotic sensitivity test

Gran positive bacteria PEF APX AMX CPX PEN ERY
Bacillus subtilis 13.0 () 0.0 (R) 0.0 (R) 22.0(S) 24.0 (S) 22.0(S)
Micrococcus sp. 10.0 (R) 0.0 (R) 0.0 (R) 28.0 (S) 25.0 (S) 28.0 (S)
Arthrobacter sp. 18.0 (S) 0.0 (R) 10.0 (R) 25.0 (S) 20.0 (S) 25.0 (S)
Corynebacterium sp 0.0 (R) 0.0 (R) 0.0 (R) 20.0 (S) 24.0 (S) 20.0 (S)
Gram negative bacteria CHL SP CPX GEN PEF S
Pseudomonas aeruginosa 0.0 (R) 14.0(D) 18.0 (S) 15.0(D) 0.0 (R) 08.0 (R)
Escherichia coli 0.0 (R) 10.0 (R) 26.0 (S) 18.0(S) 0.0 (R) 12.0(D)

KEY: SXT= CHL= Chloramphenicol, SP= Sparfloxacin, CPX= Ciprofloxacin, AMX= amoxicillin, GEN=
Gentamycin, PEF= Pefloxacin, S= Streptomycin, PEN=Penicillin, APX=Ampicillin, ERY=Erythromycin

Table 3: MAR index of bacterial isolates

Bacterial isolates Antibiotics MAR Index
Bacillus subtilis PEF, APX 0.2
Micrococcus sp. PEF, APX, AMX 0.3
Arthrobacter sp. APX, AMX 0.2
Corynebacterium sp PEF, APX, AMX 0.3
Pseudomonas aeruginosa PEF, PEN, ERY 0.3
Escherichia coli PEF, APX, PEN 0.3

MAR = Maximum antibiotic resistance

The antibiogram profile showed 66.7% resistance to at least three antimicrobial agents with a
multiple antibiotic resistance index of 0.3 while 33.3 % of the isolated bacteria were resistant to two
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antibiotics. This finding is similar to that of [30] who also found multiple antibiotic resistance
bacteria in contaminated soils across Lagos, Nigeria. Several authors have also isolated similar
heavy metal resistant bacterial isolates [22,30] The presence of bacteria resistant to antibiotics and
heavy metals in contaminated soil in different areas have been reported [20, 23,31]. The presence
of heavy metal and antibiotic-resistant bacteria in scrapyard soils as revealed in this study could be
due to co-resistance i.e., the physical linkage of antibiotic resistance and metal resistance encoded
on the plasmid, which confers these resistances to the bacteria even when one of the antimicrobials
Is co selected [32] Co-occurrence of antimicrobial resistance agents can also be caused by cross-
resistance mechanism where both antibiotic and heavy metal access similar route to year target
bacteria [7].

The occurrence of dual resistance bacteria in the scrapyard soils may increase the risk of diseases
related to antibiotic-resistant bacterial infections for nearby vulnerable residents thereby
constituting a public health threat.

4. Conclusion

This study assessed the presence of antibiotic and heavy metal resistant bacteria from scrapyard
soils. The bacteria population was higher in the scrapyard soils compared to the control soil. The
bacterial isolates were more tolerant to iron and zinc heavy metals but exhibited lower MIC values
against lead and cadmium. Most of the isolates also showed multiple antibiotic resistance to more
than two antibiotics used in the study. The isolation of bacteria resistant to heavy metals and
antibiotics in the scrapyard soil is a public threat to surrounding residents. Therefore, an urgent
effort is needed in the evacuation of the scrapyard sites from the locations to protect the health of
the close-by residence.

References

[1] Levy, S.B, and Marshall, B. (2004). Antibacterial resistance worldwide: causes, challenges and responses. Nat.
Med. Vol.10: pp.122-129

[2] Poirel L, Rodriguez-Martinez J.M, Mammeri H, Liard A, and Nordmann P. (2005). Origin of plasmid-mediated
quinolone resistance determinant QnrA. Antimicrob. Agents Chemother. Vol. 49: pp.3523-3525.

[3] Forsberg K.J. Reyes A, Wang B, Selleck E.M, Sommer M.O.A and Dantas G. (2012).The shared antibiotic
resistome of soil bacteria and human pathogens. Sci. vol.337: pp.1107-1111.

[4] Matini L, Ongoka P.R, and Tathy J.P. (2011). Heavy metals in soil on spoil heap of an abandoned lead ore
treatment plant, SE Congo Brazzaville. Afr. J Environ Sci Technol vol.5(2), pp.89-97.

[5] Ashbolt N.J, Amézquita A, Backhaus T, Borriello P, Brandt K.K, Collignon P, Coors A, Finley R, Gaze W.H,
Heberer T, Lawrence J.R, Larsson D.G, McEwen S.A, Ryan J.J, Schnfeld J, Silley P, Snape J.R, Van den Eede
C, Topp E. (2013). Human Health Risk Assessment (HHRA) for environmental development and transfer of
antibiotic resistance. Environ. Health Perspect, vol. 121(9): pp.993-1001

[6] Lemire J.A, Harrison J.J, Turner R.J. (2013). Antimicrobial activity of metals: Mechanisms, molecular targets
and applications. Nat. Rev. Microbiol, vol.11(6): pp.371-384

[7]1 Baker-Austin C, Wright M.S, Stepanauskas R, McArthur J.V. (2006). Coselection of antibiotic and metal
resistance. Trends Microbiol, vol.14(4): pp.176-182

[8] Knapp, C.W, Callan A.C, Aitken B, Shearn R, Koenders A, Hinwood A. (2017). Relationship between
antibiotic resistance genes and metals in residential soil samples from Western Australia. Environ Sci Pollut
Res Int, vol, 24(3): pp.2484-2494

[9] Lugauskas A, Levinskaite L, Pegiulte D, Repeékiené J, Motuzas A, Vaisvalavieius R, Prosyéevas I. (2005).
Effect of copper, zinc and lead acetates on microorganisms in soil. Ecologia, vol.1: 61-69

[10] Zaborowska M., Wyszkowska J., Kucharski J. (2006). Microbial activity in zinc contaminated soil of different
pH. Pol J. Environ Stud, vol.15 (2a): pp.569-574

[11] Wyszkowska J., Kucharski J., Borowik A. Boros E. (2008). Response of bacteria to soil contamination with
heavy metals. J. Elementol, vol.13(3): pp.443-453.

66



Aimuanmwosa Frank Eghomwanre and Frank Uyi Amadasun/ Journal of Energy Technology and
Environment 4(1) 2022 pp. 61-67
[12] Boros E, Baemaga M, Kucharski J, Wyszkowska J. (2011). The usefulness of organic substances and plant
growth in neutralizing the effects of zinc on the biochemical properties of soil. Fresen. Environ. Bull., vol.
20(12): pp. 3101-3109.
[13] Wakelin S.A, Chu G, Lardner R, Liang Y, Mclaughlin M. (2010). A single application of Cu to field soil has
long-term effects on bacterial community structure, diversity, and soil processes. Pedobiologia, vol.53:

pp.149-158

[14] Davies J, Davies D. (2010). Origins and evolution of antibiotic resistance. Microbiol and Mol Biol R, 74(3):
pp. 417—- 433

[15] Harley J.P, Prescott L.M. (2002). Laboratory Exercises in Microbiology. Fifth edition. New York: Mac Graw
Hill. 449 pp.

[16] Aneja K.R. (2003). Experiments in Microbiology, Plant Pathology and Biotechnology. 4"Edn.New Age Pub.
Ltd. New Delhi, 606 pp.

[17]Holt J.G, Krieg N.R, Sneath P.H.A. 1989. Bergey’s Manual of Determinative Bacteriology (Vol. 4). London:
Cambridge University Press 2493 pp.

[18] Velusamy P, Awad, S.A and Ok, Y.S. (2011). Screening of heavy metal resistant bacteria isolated from
hydrocarbon contaminated soil in Korea. Journal of agriculture and Environmental Science, vol. 23: pp.40-43

[19] Clinical and Laboratory Standard Institute (2004) Performance standards for antimicrobial susceptibility
testing. 15" Informational supplement. CLS/NCCLS document M100-S15. Clinical and Laboratory Standards
Institute. Wayne, Pa.

[20]zhang C, Nie S, Liang J, Zeng, G.W.H, Hua S, Xiang H, (2016). Effects of heavy metals and soil
physicochemical properties on wetland soil microbial biomass and bacterial community structure. Sci Total
Environ. Vol.557: pp.785-790.

[21] Xiao, XY, Wang MW, Zhu HW, Guo, ZH, Han XQ, Zeng, P, (2017). Response of soil microbial activities and
microbial community structure to vanadium stress. Ecotox Environ Safe, vol.142: pp.200-206.

[22] Okerentugba, P.O. and Ezeronye, O.U. (2003). Petroleum degrading potential of single and mixed microbial
cultures isolated from Rivers and refinery effluents in Nigeria. Afr J. Biotechnol, vol. 2(9): pp.288-292.

[23]Eghomwanre A.F, Obayagbona N.O, Osarenotor O and Enagbonma, B.J. (2016). Evaluation of antibiotic
resistance patterns and heavy metals tolerance of some bacteria isolated from contaminated soils and sediments
from Warri, Delta State, Nigeria. JASEM, vol.20 (2): pp.287 — 291

[24] Makui H, Roig E, Cole S. T, Helmann J.D, Gros P. and Cellier M.F. (2000). Identification of the Escherichia
coli K-12 Nramp orthologue (MntH) as a selective divalent metal ion transporter. Mol Microbio, vol. 35:
pp.1065-1078.

[25] Grass, G, Wong, M.D, Rosen, B.P, Smith, R.L and Rensing, C. (2000). ZupT is a Zn (Il) uptake system in
Escherichia coli, J. Bacteriol vol.184: pp.864-866.

[26] Bouton C.M, Frelin L.P, Forde C.E, Godwin H.A, Pevsner J. (2001). Synaptotagmin | is a molecular target for
lead. J Neurochem, vol.76: pp.1724-35.

[27] Mgbemena I.C, Nnokwe J.C, Adjeroh L.A. and Onyemekara, N.N, (2012). Resistance of bacteria isolated from
Otamiri River to heavy metals and some selected antibiotics. Current Res J Bio Sci, vol.4: pp.551-556.

[28] McCall KA, Huang C, Fierke CA. (2000). Function and mechanism of zinc metalloenzymes. J. Nutri, vol.130:
pp.1437S-46S

[29] Blencowe DK, Morby AP. (2003). Zn (1) metabolism in prokaryotes. FEMS Microbiol Reviews vol.27:
pp.291-311.

[30] Oyetibo G.O, llori M.O, Adebusoye S.A, Obayori O.S and Amund O.0. (2010). Bacteria with dual resistance
to elevated concentrations of heavy metals and antibiotics in Nigerian contaminated systems. Environ Monitor
Assess, vol.168: pp. 305-314.

[31] Nguyen1, CC, Hugie CN, Kile ML and Navab-Daneshmand T. (2019). Association between heavy metals and
antibiotic-resistant human pathogens in environmental reservoirs: A review Front Environ Sci En vol.13(3):
pp. 46-61.

[32]Pal C, Bengtsson-Palme J, Kristiansson E, Larsson D.G.J. (2015). Cooccurrence of resistance genes to
antibiotics, biocides and metals reveals novel insights into their co-selection potential. BMC Genomics, vol,16:
pp.964

67



