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Abstract

The increase in human population is usually associated with increased waste
production and by-products of urbanization. One such product of urbanization is
heavy metals such as lead that at high concentrations have detrimental effects on
human health as established previously. However, little is known about the
effects of lead on the growth, activity and community of soil microbiota. For this
purpose, the effects of lead on the microbiota of roadside soil samples collected
from different distances from main roads in Kuwait were investigated. The
addition of lead to soils decreased significantly (P<0.05) the counts and
respiration of the total heterotrophic bacteria in particular in soils harbored lower
concentrations of lead. Furthermore, the identification of soil bacteria showed
the dominance of Gram-negative bacteria with high potentials to tolerate
multiplicity of heavy metals where the order of increasing toxicity of heavy
metals on tested bacteria was lead < chromium < aluminium < cobalt < nickel <
mercury < cadmium. Moreover, based on 16S-RFLP analyses, it was
demonstrated that soils containing higher concentrations of lead harboured less
diverse bacterial communities. Results suggested that changes in soil microbiota
are attributed to atmospheric lead apparently originated from car emissions.
Keywords: metal-resistant Gram-negative bacteria, lead-resistant bacteria,
roadside soil contamination, soil microbiota.

1 Introduction

Roadside soil is a major sink of heavy metals (e.g. lead, zinc, cadmium,
chromium, nickel, and copper) and hydrocarbons pollutants (e.g. gasoline, gas
oil, and kerosene) in the environment [1] such as roadside soils [2]. Lead is used
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as lead alkyl additive for motor vehicle fuel (petroleum), thus, the combustion of
such fuels probably resulted in the deposition of lead on surface soils [3, 4].
There are other sources of heavy metals pollutants introduced to the environment
e.g. yellow and red road markings, and gray paint or anticorrosives which are
sources of lead pollution. In addition, gasoline, diesel soot, tire rubber and
asphalt are considered as sources of many heavy metals pollution (e.g., As, Ni,
Zn, Cd, Zn, Ni and V metals) [1]. Heavy metal concentrations in roadside soil
vary with the variation in the distance from road edge, the depth of soil, and the
traffic density on the road (number of motor vehicle running on petrol or diesel
fuel). Thus, an increase in the number of motor vehicles is expected to increase
the levels of road-side pollution especially heavy metals [2, 5]. Heavy metal
concentrations decrease with increasing distance from the road, because of the
gravity that pull down the heavy metals emitted from the motor vehicles on the
road to settle near the edge. With increasing the soil depth, metal concentrations
decrease owing to their leaching during passing through the soil particles dawn
from the top of the soil. Kuwait environment is at risk from various atmospheric
pollutants for instance lead originating from several sources such as car exhausts
and industries such as the petrochemical plants, power desalination plants,
fertilizer-production plant, the melamine company, the industrial gas corporation
and the paper products company [6]. These industries discharged their dangerous
wastes containing organic and inorganic (heavy metals) compounds to the
environment and cause harmful effects to human and all living organisms [6].
The aim of the current study was to investigate the effects of lead on the count,
activity and diversity of total heterotrophic bacteria in soils located close and far
from busy main roads in Kuwait. Correlation between lead concentration in soils
and the potential of soil bacteria to tolerate lead was also assessed.

2 Materials and methods

2.1 Collecting of soil samples

Soil samples were collected using the method of Al-Saleh and Obuekwe [7] from
the Sixth Ring Road and Al-Jahra Highway roadside sites north of Kuwait. At
each site, soils were collected from two locations. The first location was
approximately three meters far from the road and second location was about two
hundred meters far from the road. The soil samples collected from the Sixth Ring
Road location were designated 6C (three meters far from the road) and 6F (two
hundred meters far from the road) soils. Also, soil samples collected from the Al-
Jahra Highway roadside were designated JC (three meters far from the road) and
JF (two hundred meters far from the road) soils.

2.2 Determination of heavy metals concentrations in soil samples
The method of Rowell [8] was employed for the determination of heavy metals

concentrations in soil by atomic absorption spectroscopy (AAS) after acid
digestion of soil.

WIT Transactions on Ecology and The Environment, Vol 162, © 2012 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Environmental Impact 487

2.3 Enumeration of total heterotrophic bacteria in soil samples

Four portions from soil samples were pooled, thoroughly mixed, and passed
through a sieve (mesh size, 2mm). Ten grams (wet weight) of soil was suspended
in 40 ml sterile distilled water; mixed thoroughly for 2 hours to release the
adhering bacteria and kept overnight to settle down the soil particles. Aliquots
(0.1 ml) of the clear supernatant of the soil suspension, in direct and its dilutions
(10'-10*) were spread on nutrient agar plates [9] with different lead
concentrations (0-3, 5, and 10 mg ml™). The plates were incubated at 30°C for
up to 24 hours, and the grown total heterotrophic bacterial colonies (THB) were
counted.

2.4 Isolation and molecular identification of the isolated heterotrophic
bacteria

Heterotrophic bacteria from roadside soil samples were isolated on nutrient agar
plates supplemented with different concentrations of lead (0, 2, 5, and
10 mg ml™) and were incubated in a desiccator at 30°C for up to 7 days [9]. DNA
extracted from the isolated bacteria and used for the amplification of the 16S
rDNA gene, and then DNA sequencing and Sequencing Analysis v5.2 Software
(Applied Biosystem, USA) was used to analyze the sequences that were
compared to other sequences in the GenBank database using BLAST [10].

2.5 Effects of heavy metals on the growth of isolated bacteria (Wells
diffusion methods)

The effects of lead and heavy metals (aluminium, cadmium, cobalt, chrome, lead
mercury and nickel) on the growth of the isolated bacteria were determined using
the agar well diffusion method of Lertcanawanichakul and Sawangnop [11].

2.6 Effect of lead on respiration of isolated bacteria

The effect of lead (0, 0.1, 0.5 and 1.0 mg ml 1) on respiration of the isolated
bacteria was determined in a Micro-Oxymax respirometer (Columbus
Instruments, USA), method of Al-Saleh and Obuekwe [7] was followed.

3 Results

3.1 Heavy metal content of soils

Most heavy metal concentrations were higher in Al-Jahra Highway soils
compared to those of the Sixth Ring Road soils (Table 1). In fact, the soils which
were closer to the road showed higher concentrations of heavy metals compared
to those determined in soils collected two hundred meters away from the road.
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Table 1: Heavy metal content of soils.
Heavy 6C Soil 6F Soil IC soil JF Soil
metal
Co 0.80 0.63 1.46 0.83
Ni 4.00 3.74 8.92 4.09
Cr 4.65 4.0130 9.89 5.21
Pb 23.7 18.5 19.8 17.6
Al 2650 2089 4424 2693

The units of all concentrations are in mg-1 kg; ND, not detected
3.2 Enumeration of bacteria in soil

The numbers of the total heterotrophic bacteria isolated from soil samples in the
absence and presence of lead were determined and are presented in Table 2.
Higher counts were detected in soils located closer to the main road that
harboured higher concentrations of lead.

Table 2: Counts of total heterotrophic bacteria in soil in the presence of lead.
;ﬁ:‘a (JC(;S";B IF Soil 6C Soil 6F Soil
(mg ml'™) soil) (CFU g soil) | (CFU g soil) | (CFU g soil)
Nil 6.54 x 10° 9.42 x 10* 138 x 10° 4.03 x 10*

1 251x10° 2.52x 10° 5.82x10° 1.55x 10°
2 121x10° 2.40x 10° 3.13x 10° 80
3-10 Nil Nil Nil Nil

3.3 Identification of the isolated lead-resistant bacteria

Two hundred and seven lead-resistant bacteria were isolated from the all soils
and identified by sequencing of the 16S rDNA gene. Sixty nine bacteria were
isolated from JC soil. These bacteria belonged to nine different bacterial genera.
Also, ten different bacterial genera were identified in the JF soil. In addition,
twelve different bacterial genera were identified in the 6C soil as shown in
Table 3. Moreover, sixteen different bacterial genera were identified in the 6F
soil as shown in Table 4.
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Table 3: Identities of bacteria isolated from 6C soil amended with 2 mg Pb mI™.

Identity

Number of isolates

Pseudomonas spp.
Pseudomonas luteola
Pseudomonas brassicacearum

14
6

Duganella violaceusniger

Variovorax paradoxus

Cupriavidus respiraculi

Erwinia spp.

Roseomonas genomospecies

Massilia lutea
Massilia timonae
Massilia dura

Ralstonia spp.

Arthrobacter spp.

Janthinobacterium spp.

Paracraurococcus spp.

Acinetobacter spp.

1
7
2
2
2
2
1
1
1
1
1
1
1
1

Total number of isolated strains =45

Table 4: Identities of bacteria isolated from 6F soil amended with 2 mg Pb ml™.

Identity

Number of isolates

Duganella violaceusniger

13

Pseudomonas spp.
Pseudomonas luteola strain Marseille
Pseudomonas luteola
Pseudomonas brassicacearum
Pseudomonas fluorescens

Ralstonia spp.

Roseomonas genomospecies
Roseomonas spp.
Roseomonas aquatic

Azospirillum lipoferum
Azospirillum zeae

Arthrobacter aurescens
Arthrobacter globiformis
Arthrobacter spp.

Rhodococcus spp.

Massilia spp.
Massilia lutea

Cupriavidus respiraculi

Kocuria spp.

Georgenia spp.

Staphylococcus haemolyticus

Bacillus spp.

Agrococcus jenensis

Sinorhizobium spp.

Planomicrobium spp.

= [ [ | = [N W[ = W[ = [ W WIN B (— N A= NN O

Total number of isolated strains =73
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3.4 Effect of heavy metals on the growth of isolated bacteria

The effects of heavy metals on isolated bacteria were determined using the well-
diffusion method. Results demonstrated the potential of isolated bacteria to
tolerate multiple heavy metals (Tables 5 and 6). Based on the sizes of the
inhibition zone determined, lead demonstrated to have the least toxic effects on
the growth of tested bacteria compared to other metals while cadmium showed
the highest toxic inhibitory effects (Tables 5 and 6).

Table 5: Effects of heavy metals on the growth of isolated bacteria from 6C
soil.
Diameter of Number of bacteria tested
inhibition zone (%)
(cm) cd Al Cr Ni Hg | Co | Pb
<15 Nil 21.05 73.68 5.26 5.27 10.53 100
1.5-35 4737 | 7895 | 2632 | 84.21 2632 | 89.47 | Nil
>3.5 52.63 Nil Nil 10.53 68.42 Nil Nil
Table 6: Effects of heavy metals on the growth of isolated bacteria from 6F
soil.
. Number of bacteria tested
Diameter of Y
inhibition zone )
(cm) cd Al Cr Ni Hg Co | Pb
<15 Nil 35.71 42.86 21.43 21.43 2143 | 929
1.5-35 14.29 | 64.29 | 57.14 50 7.14 71.43 | 7.14
235 85.71 Nil Nil 28.57 71.43 7.14 Nil

3.5 Effects of lead on bacterial respiration

The amount of carbon dioxide evolved from the respiration of tested bacteria in
the presence of different concentrations of lead was determined. Results
demonstrated that, the presence of higher amounts of lead resulted in higher
inhibitory effects on bacterial respiration (Table 5). The inhibitory effects of lead
varied with different bacteria tested.

4 Discussion

The higher concentrations of heavy metals in the 6C and JC soil samples
compared to that in the 6F and JF soils (Table 1) could be due to the close
location of the sampling sites of 6C and JC soils to the main road that has been
reported to be a source of heavy metals from cars’ exhausts [12, 13]. In addition,
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given that heavy metals were reported to have lethal effects on bacteria [14-16],
thus, the presence of higher concentrations of heavy metals in the 6C and JC soil
samples compared to that in the 6F and JF soils is anticipated to apply higher
inhibitory effects on the growth and activity of soil microbiota of 6C and JC soil
samples. As can be seen in Table 2, the counts of the THB decreased
significantly (P<0.05) in all soil samples after the additions of lead in particular
in 6F and JF soils where the decrease in THB counts were significantly higher
(P<0.05) compared to the decrease in 6C and JC soils which could be due to the
adaptation of 6C and JC soil microbiota to higher concentrations of lead
originating from car emissions [17] which are the only apparent difference
between the 6C/JC and 6F/JF soils.

Furthermore, the identification of the isolated bacteria from all collected soils
showed the dominance of Gram-negative (Tables 3 and 4) which indicated the
higher ability of Gram-negative bacteria to adapt and evolve mechanisms to
survive in soils containing various types of pollutants which was in agreement
with previous studies that showed the abundance of Gram-negative bacterial
populations in contaminated soils [18-21]. In the current study, it was shown
that, the collected soils harbored abundance of the Gram-negative bacterium
Pseudomonas (Tables 3 and 4) which is a significant constituent of the natural
microbial ecosystem, involved in the biodegradation of various organic
pollutants and xenobiotics [22, 23]. The occurrences and dominance of the genus
Pseudomonas in the Kuwaiti environments were documented previously [24]
which was unsurprising due to wide spread of pollution in the Kuwait
environment [25] and the high adaptable nature of Pseudomonad to polluted
environments [26]. However, some of the isolated bacteria such as Erwinia and
Cupriavidus respiraculi are considered medically important bacteria [27, 28] that
constituted potential source of human health hazards. The occurrence of
medically significant microbiota in environmental samples was reported
previously [29-31].

Moreover, based on the size of the diameter of inhibition zones determined,
some tested bacteria were categorized as sensitive to heavy metals and
demonstrated zone of inhibition of > 3.5 cm. In fact, the majority of sensitive
bacteria were recorded in the presence of cadmium and mercury, respectively.
On the other hand, the majority of bacteria with high potentials to tolerate heavy
metals that demonstrated zone of inhibition of < 1.5 cm and were depicted in the
presence of lead and chromium, respectively (Tables 5 and 6). Accordingly,
based on the well diffusion method, the order of increasing toxicity of heavy
metals on tested bacteria was lead < chromium < aluminium < cobalt < nickel <
mercury < cadmium which was in agreement with earlier reports signifying the
high inhibitory effects of cadmium, mercury and nickel to bacteria [32-37].
Moreover, the addition of lead to the growing bacterial cultures resulted in
significant (P<0.05) decrease in bacterial respiration in particular those isolated
from soils contained low concentration of lead (Table 7). These results were in.
agreement with previous reports demonstrating the potential of lead to inhibit
bacterial respiration [7]. However, the addition of increasing concentrations of
lead to some bacterial strains demonstrated insignificant decrease (P<0.05) in
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bacterial respiration which could be due to potentials of these bacteria to resist
the inhibitory effects of lead.

Table 7: Effects of lead on respiration of the isolated bacteria.
Amount of carbon dioxide evolved (%)
Source
bac(igria Bacteria Lead concentrations (mg ml™h)
0.1 0.5 1
Duganella violaceusniger 55.0 49.6 31.5
6C Soil Cupriavidus respiraculi 98.5 81.0 76.4
Pseudomonas luteola 100 85.3 75.6
Sinorhizobium spp 97.4 82.2 63.4
6F Soil Cupriavidus respiraculi 100 76.7 66.9
Massilia spp. 36.7 13.6 9.77
Erwinia spp. 37.3 30.82 22.89
JC Soil Massilia dura 92.5 86.80 67.22
Ralstonia spp. 50.4 46.3 41.5
Pseudomonas luteola 95.41 62.17 26.04
JF Soil Ralstonia spp. 70.21 61.50 21.96
Naxibacter haematophilus 16.24 18.25 5.76

Results represent percentages of the controls (experiments conducted in the
absence of lead) that were considered as 100.

5 Conclusions

The presence of varying concentrations of heavy metals in Kuwaiti soils selected
adapted bacteria that dominated soil samples and showed the potential to tolerate
varying concentrations of heavy metals in particular lead. The potential of
isolated bacteria to tolerate varying concentrations of lead correlated well with
the concentrations of lead detected in the two soil types where bacteria isolated
from soils located closer to the main road demonstrated higher tolerance to lead
compared to those isolated from soils located relatively far from the main roads.
Apparently, atmospheric lead originating most probably from car exhausts was
the source of the higher concentrations of lead in soil samples located closer to
the main roads.
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