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The study investigated the source, geochemical spreading and risks
assessment of trace metals in particulate matter 2.5 (PM2s) within a gas
flaring area in Bayelsa State, Nigeria. PM;s was measured using Geintek
Particulate matter sampler APM131 monitor. Seven locations within 3000 m of
the gas flaring area were sampled, with a control location established at about
7000 m from flare stark. The trace metals trapped in the PM, 5 were analyzed
using flame atomic absorption spectrometry. The mean level of trace metals
ranged from 2.75 - 7.56 ug/m>, 0.03 - 2.82 ug/m>, 0.16 - 1.11 pg/m?, 0.32 - 1.02
pg/m?3, 1.32 - 3.34 ug/m>, and 0.15 - 2.07 ug/m? for iron, manganese, nickel,
lead, zinc and vanadium, respectively. There was statistical dissimilarity (P <
0.05) across study stations for nickel, iron and zinc, and no significant variation
(P>0.05) for manganese, vanadium and lead. Pollution indices and index of
geoaccumulation showed low to moderate contamination. The overall risk
index reveals a low hazard. The enrichment factor and principal components
analysis showed the metals are from anthropogenic and natural sources. Zinc
correlates strongly with iron, manganese and nickel, an indication that these
metals are from similar sources. The carcinogenic and non - carcinogenic
hazards were within the threshold limits of 107 to 10 and <1, respectively.
Based on the result, there are no hazardous health effects resulting from the
inhalation of trace metals in PM; s for the age bracket being studied. However,
there is a need to constantly monitor the level of these metals in the air via
routine emission monitoring to forestall possible health risks.
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1. Introduction

Nigeria is a key crude oil-producing country with its
oil and gas operations predominantly executed in
the Niger Delta region. Bayelsa state is one of the
core oil and gas explorations and producing states
in the country. A substantial amount of gas
produced is flared into the atmosphere, where they
negatively impact the quality of air and the
environment in general [1]. Trace metals are found
in crude oil. Hence, traces of the metals tend to
occur in produced gas and flares. In many regions
of the world, air pollution reduction policies have
not been met, especially in developing nations. The
air quality guideline provided by World Health
Organization (WHO) showed a threshold for health
effects associated with air contamination [2]. The
report further revealed that about 91% of the world
population resides in regions where the air quality
guidelines are inadequate as of 2016. Air pollution
is associated with both indoor and outdoor
pollutants in urban and rural areas. Poor air quality
is a contributing factor to some critical human
diseases which have led to the loss of
According to WHO ambient (outdoor) air
contamination [2], a decline in air contaminants
could lead to a decrease in the disease burden,
especially cardiovascular and respiratory diseases,
on both short and long term basis. In 2016, about
4.2 million untimely deaths were related to outdoor
air contamination across the world, with 91% of
deaths occurring mainly in low and middle-income
nations and a significant number occurring in
South-East Asia and Western Pacific regions of
WHO ranked areas [2]. Particulate matters are
particles (solid) and droplets (liquid) that can be
dispersed into the air [3]. They enter the air directly
through human activities and the chemicadl
transformation of gaseous pollutants (natural
processes) [3]. According to Chen and Kan [4],
scientific evidence shows that particulates can lead
to case mortality, especially in patients with
cardiovascular and respiratory problems, and
morbidity leading to hospital admissions,
respiratory infection etc. Among the various
particulates, PM2 s microns or less in diameter) and
PMio (10 micrometres in diameter) are the most
important. The quantitative relationship
associated with these particulates and their
potential to mortality has been

lives.

increase

established [2]. Studies have shown that trace
metals (metalloids of about five times denser than
water) [5,6] are found in different environmental
components, including surface water [6], soil [7],
air [8], vegetables [9], beverages [10], fishes [11-
16], meat [17] among others. Essential trace metals
play useful roles in living organisms at specific
concentrations, whilst they become deleterious to
consumer health at excessive levels. Also, the non-
essential metals possess no biological functions,
thereby portending even at low
concentrations. The roles and health hazards
associated with some trace metals have been
extensively documented by Izah et al. [5],
Prashanth et al. [18], and Muhammad et al. [19].
The concentration of atmospheric PM25 has been
studied in many regions of the world including
Nigeria. For instance, a daily average
concentrations range of 15.30 - 70.20 pg/m® was
reported within the Abuja metropolis [20], 14.4 -
986.5 pg/m?® in an industrial area along with Ife-
Ibadan highway [21]. Also, concentrations of 30 -
100 pg/m® were reported in some major cities in
Nigeria [22], while some industrial sites in Northern
Nigeria recorded ranges between 11.71 and 45.11
pg/m® [23]. In addition, concentrations ranging
from 5 - 248 ug/m* have been reported in some
areas in Nigeria between 1985 and 2015 [24].
Furthermore, waste dumpsites in Bayelsa, Delta,
Abia and Rivers states have recorded levels
between 26.44 and 40.10 pg/m?® [25]. PMy s levels
recorded in Nigeria often exceeds the WHO and
NAAQS limits of 25 ug/m® and 35 pg/m*
respectively. Metalloids concentrations in PM3s
have not been extensively documented in the same
way as PMs particulate amounts have been
reported in developing countries like Nigeria. In few
instances that trace metals have been studied in

toxicity

PM3 s, the values are only compared with regulatory
limits. These comparative studies mainly were
inadequate as they were unable to provide vital
information concerning the hazard level of the
respective metals of concern [6,26]. Hence, studies
have developed a risk assessment approach for
trace metals in the environment, as well as its
predictable health effect on humans that are
exposed to the toxicants. In addition, information
on the Source of trace metals in PM35is scanty in
the literature. Several statistical tools, including
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Hierarchical cluster analysis (HCA), principadl

(PCA) and correlational
analysis (CA) are useful tools used in determining
trace metals in an environmental component. The
focus of the study is to determine the Source,
geochemical spreading, ecological and human
health risks of trace metals in PM25 around a gas
flaring area in Bayelsa State, Nigeria. The findings
of this study will provide information about the
concentration of trace metals in PM, 5 as well as
estimating the potential human health risks
associated with exposure to atmospheric trace
metals. It will be helpful to residents of the area
and appropriate government agencies who will rely
on this information to improve their regulatory
duties.

component analysis

2. Materials and methods
2.1. Study area

The study was carried out around a gas production
and flaring gas area in Yenagoa local government
area of Bayelsa State. Also, a control station was
established within a tertiary institution in Ogbia
local government area of the same State. The study
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region is a tropical rainforest region that is
surrounded by a plethora of water bodies. The land
surface area is seasonally flooded from overflowing
or encroaching surface water bodies, mainly from
the tributaries of a lower Niger River. Like other
parts of the Niger, there are two distinctive
seasons, viz wet and dry. The relative humidity and
temperature range from 50.0 - 95.0 % and 28 + 8°C
throughout the year [7]. In addition, fishing, small
scale farming and petty trading are the primary
occupations of the indigenous people of this area.

2.2. Sample design

The sampling stations are numbered AQ1 to AQS,
with AQ1 to AQ7 being in the area around the gas
flaring vicinity (approximately within 3000 m from
the flaring station), while AQ8 (tagged as control)
is located at over 10,000 m from the gas flaring
station (Figure 1). In each of the stations, triplicate
values (triplicate values from each stations were
denoted as a, b and c) were obtained. Hence, a
total of 24 samples were obtained from the eight
(8) sampling locations (stations). The sampling
was done between January to May 2019.
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Fig. 1. Map of a gas flaring area in Bayelsa State, Nigeria, showing the sampling locations.



Izah SC et al / Advances in Environmental Technology 2 (2021) 101-118 105

2.3. Sample collection and trace metal analysis

The particulate matter of the study area was
measured at ambient atmospheric conditions
using Geintek particulate matter sampler (model
APM131). The sample was measured at the height
of =23 m from the soil level. Samples were collected,
prepared and trace metal analysis was carried out
following the method
documented by Uzoekwe et al. [27].

comprehensively

2.4. Environmental Risk of trace metals in PM; s

Different background or baseline data have been
used to estimate the environmental risk of trace
metals in the environment. However, in many parts
of the world, pre-industrial or baseline data are
unavailable. As such, many studies have applied
several data as background values, including the
control (an area designated as uncontaminated
within the same study location). Geometric mean
value of a set of data is now commonly used as
background calculating  risk
assessment of trace metals in soil [7], groundwater
[28], surface water [29], sediment [29,30] and air
[27]. Hence, the use of geometric mean was
adopted for the environmental risk assessment in
this study. In instances where the
concentration of metals is zero, 50% of the mean
metal values for the remaining locations were the
assumed values [28]. This was done prior to
assessing the environmental risks. The scheme
provided by Hakanson [31], and applied by
Uzoekwe et al. [27] was used to estimate the
(CFp, degree of
contamination (CD/) and ecological Risk (ER/) and
risk index (ERI/). For the ER/ calculation, the toxic
factor used were Mn =1, Ni=5 [32 - 34], Pb =5 and
Zn =1 [31]. Other indices applied in this study
followed the description of the authors. For
instance, pollution load index (PLI/) described by
Tomlinson et al. [35] and applied by Bhutiani et al.
[28] , index of geoaccumulaton (I-GEO/) as
developed by Muller [36] and applied by Bhutiani et
al. [28], (EF7)
estimated following descriptions previously applied
by Bhutiani et al. [28], Kowalska et al. [37]. For EF/
computation, iron was used as the normalization
metal [27].

values when

few

contamination factor

as well as enrichment factor

2.5. Human health risk assessment

The human health risk of trace metals in PM2 5 was
computed for carcinogenicity (for nickel) and non-
carcinogenicity (for manganese, nickel, zinc and
lead). The risk was computed under two scenarios
viz: adult (with bodyweight of 70kg; inhalation rate
= 0.9m>/hour, exposure time =24 hours/day) and
child (with bodyweight of 15kg, inhalation rate =
0.7m>/hour, exposure time =24 hours/day) [38,39].
The carcinogenic and non - carcinogenic hazard
(risk) of trace metals in PM2sreported by Vaio et al.
[39], and simplified by Uzoekwe et al. [27]was

applied for this study.
EFi*EDi*Ci*IUR*1000

Carcinogenic risk =

AT*365
Non-carcinogenic hazard (target hazard
otients) EFi+EDi*Ci
i =
qu AT*365+RFCi

Where Ci is the level of the metals in mg/m?, EFi is
the exposure frequency = 350 day/year for both
adult and child; exposure duration (EDi) for adult
and child were 24 years and 6 years, respectively
[38], average lifetime (AT) non-carcinogenic risk is
ED x 365 days/year, and carcinogenic risk is 70 (for
both adult and child) x 365 day/year [39]. The
reference concentration (RFCi) were 5.00 x 107
mgm™ (manganese and nickel) [39,40], 1.00 x 10™*
mgm™ (vanadium) [39], 3.50 x 10 mgm™ (lead)
[41], and inhalation unit risk (IUR) is 2.40 x 10™*
(vgm™)" and 8.00 x 10 (ugm=)" for nickel and
lead respectively [40]. The carcinogenic hazard
(risk) ranged from 107 to 10 [6,27,39,42]. Thus,
the values

lesser than 10°¢ for individual and

combined trace metals indicate insignificant
cancer risk. Also, when the non-carcinogenic
hazard value exceeds 1 it depicts a potential non-
carcinogenic hazard, whilst values < 1 reflects no

possible adverse health implication [6,27,39,42].
2.6. Statistical analysis

The statistical analysis was done using SPSS version
20. Descriptive statistics (mean, standard
deviation, minimum (MIN) and maximum (MAX)
was computed, and the values were presented as a
box plot. One-way analysis of variance (ANOVA) is
used to determine whether there are any
statistically significant differences between the
means values of the different locations. Where
statistical dissimilarity occurred, Waller-Duncan
test statistics were used to discern the Source of
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the variations. The CA, HCA and PCA was carried
out to show the Source of the trace metals. For the
PCA, Factor = 0.5 indicates the level of significance
[39,43].

3. Results and discussion

3.1. Concentration of trace metals in atmospheric
PM; 5

Figure 2 shows the concentration of trace metals in
atmospheric PM2s around flaring area in Bayelsa
state, Nigeria. The mean concentration for iron
ranged from 2.75 - 7.56 pg/m>. The MIN (0.23
pg/m®) and MAX (16.12 ug/m?®) concentration were
recorded in AQ2. Statistically, there was no
discrepancy (p > 0.05) across the different
locations. Manganese concentration ranged from
0.03 - 2.82 pg/m?>. The MIN (0.00 pg/m®) and MAX
(3.55 pg/m?®) concentration were recorded in two
(AQ1 and AQ2) and AQ7,
respectively. Apart from AQ7, there was no
significant variation (P > 0.05) among the various
locations. The mean nickel level ranged from 0.16
- 1.11 ug/m>. The MIN (0.09 pg/m?) and MAX (2.03
pg/m®) were recorded in AQ8 and AQ1, respectively.
There was no statistical dissimilarity (p > 0.05) in
the mean values across the different locations. The
mean concentration of lead ranged from 0.32 -1.02
pg/m’. The MIN (0.00 pg/m?) and MAX (1.09
pg/m?) occurred in AQ3 and two other locations
(AQ3 and AQ6), respectively. There was statistical
discrepancy (p < 0.05) among the locations.
However, multiple comparisons showed that
location AQ5 was the predominant Source of
observed variations. Mean zinc level was within the
range of 1.32 - 3.34 ug/m?>. The MIN (0.02 pg/m?)
and MAX (6.91 pg/md)
recorded in AQ1 and AQ7, respectively. There were
no significant variations in mean values of iron,
nickel and zinc, an indication that that similar

location clusters

concentration were

activity is influencing their concentration in the
different locations (AQ1 - AQ8). Furthermore,
statistical  variation exists in the mean
concentration of manganese, lead and vanadium
across study locations. Multiple comparisons
revedled that the mean values of most sampling
stations were not significantly different. Thus, the
observed significance variations suggest diverging

human activities within the study locations. For

locations around the gas flaring stations (AQ1 -
AQ7), 85.71%, 85.71% and 100.00% of the sites for
manganese, vanadium and lead concentration
showed no significant variation with the control
station (AQ8). This further suggests that gas
flaring is not the primary cause of trace metals in
PMzs within the study area. Among the 6 test
metals, iron appears to be most predominantly
distributed in atmospheric PM2s. This pattern has
been reported in PMjy in Bayelsa State [8,27],
Acerra city in Italy [39]. Some of the metals,
including nickel and lead studied, have been
reported to possess varying degrees of
carcinogenicity [6,26,44]. Among the carcinogenic
metals, nickel is classified as group 1 carcinogen
[45], which suggest the availability of adequate
information on its carcinogenic status. This may be
in the form of some compounds containing nickel.
For instance, nickel refinery dust and nickel sub-
sulfide are potential carcinogenic substances in
humans [46]. In addition, some inorganic forms of
lead compounds may be carcinogenic to humans.
Hence, they have been classified as Group 2A
carcinogens [47]. This is an indication of the
inadequate evidence of their human
carcinogenicity. Other trace metals such as iron,
manganese, zinc and vanadium possess varying
levels of toxicity when their concentration exceeds
threshold limits. Some of the ill-health associated
with these toxic metals have been comprehensively
discussed by Kim et al. [45], Sall et al. [48],
Prashanth et al. [18] and Izah et al. [5,10]. The
values recorded in this study have some similarities
with the concentration of trace metals in PM2s
across different areas in Nigeria. Anake et al. [49]
studied trace metals in PM,5 in Ewekoro, Nigeria,
using the four-stage sequential extraction method,
reporting bio-available levels of lead (4.05 pg/m?)
at value exceeding the World Health Organization
allowable limits of 0.5 pg/m?. Also, Owoade et al.
[21] reported trace metals in PM2 s within the range
of 3.00 - 3.30 ug/m?* (iron), 0.16 - 0.31 pg/m°
(manganese), 0.045 - 0.078 pg/m?® (nickel), 2.40 -
6.00 pg/m3 (lead), 31.10 - 58.00 pg/m?® (zinc) and
0.0018 - 0.003 pg/m?* (vanadium) around industrial
area along the Ife-lbadan highway, Nigeria.
Variations  are  attributed to  prevailing
anthropogenic activities across the study area.



106 Izah SC et al / Advances in Environmental Technology 2 (2021) 101-118

20.00 400
o 15007 o 3007
0O
- 10.007 - 2.00
[k} —
[ =
5,00 ? ? 1.00
0o T T T T T T T T oo=
AQT AQZ AQ3 AQY4 ARS ARE AGQT AGE AQT AGZ AQ3 AQY AQS AQE AQT AQE
Locations Locations
2 .50 1.204
=
| il
2 00 1.00
()
= £ a
= 1507 =
:_L 0
- - A0
= =]
= 4001 o
40 & ?
50 20 &
=
0o T T T T T T T_ 1 00 T T 1 T T T T T
AQT AQ2 AQ3 AQ4 AQS AQE AQT AQE AQT AQZ AQ3 AQ4 AQS AQE AQT AQS
Locations Locations
3.00
.00
()
= “g 2,00+
=) <
2 400 >
= 3
™~ >
1.00
200
H & #
0o 1 T T T T T T T oo T T T T T T T T
AD1 AQZ AQ3 AQ4 AQS AQE AOQT AOS AD1 AQZ AQ3 AQ4 AQS AQE AQT AQH
Lacations Lacations

Fig. 2. Distribution of trace metals in PMz s around a gas flaring area in Bayelsa State, Nigeria.

3.2. Correlation, cluster and principal component at p < 0.01. The CA revealed a very strong positive
analyses of the trace metals relationship between zinc and iron, manganese
and nickel, and between iron and nickel at p < 0.01
(Table 1). This suggests that the trace metals are
from similar sources, showing identical behaviour
during transport. The sources may be from
anthropogenic and natural effects. The HCA of
atmospheric PM2s based on locations and trace

Table 1 shows the Pearson correlation of trace
metals in PM2s around the gas flaring area in
Bayelsa State, Nigeria. Iron showed strong positive
significant relationship with nickel (r = 0.826) and
zinc (r = 0.572) at p < 0.01. Manganese showed
positive significant relationship with zinc (r = . - .
0.581), while Nickel correlates with zinc (r = 0.760)  Metals is shown in Figures 3 and 4, respectively.
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Two main clusters were formed. Within each of the
clusters, several sub-clusters were formed with
varying distances. Whereas, AQlc, AQ2c, AQ3c,
AQ4c, AQ5c and AQébc formed one sub-cluster, the
other samples AQ7c, AQ8c, and AQ1-AQ8a, b were
in a different major sub-cluster (Figure 3). Based
on the individual trace metals, two main clusters
were formed viz: iron in clusters 1, while nickel,
lead, manganese, vanadium and zinc belonged in
cluster 2. Under major cluster 2, zinc was grouped
in sub-cluster 1, while nickel, lead, manganese and

vanadium were categorized under sub-cluster 2
(Figure 4). From the HCA, close clusters are an
indication of statistical relationship and close
association between trace metals (Figure 2), as
well as close association between different
sampling locations/points (Figure 3). Conversely,
distant clusters designate a degree of
disassociation [7]. The difference in cluster level
suggests variation in activities influencing the
concentration of trace metals in atmospheric PM2 5
in the area.

Table 1. Pearson correlation of trace metals in PM?® around gas flaring area in Bayelsa State, Nigeria.

Parameters Fe Mn Ni Pb Zn \'
Fe 1.000
Mn -0.079 1.000
Ni .826™ 0.268 1.000
Pb 0.338 -0.386 0.078 1.000
Zn 0.572™ 0.581" 0.760™ -0.073 1.000
\' 0.216 0.318 0.118 0.382 0.287 1.000

**_ Indicate statistical correlation at p= 0.01 level (2-tailed).
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Fig.3.Cluster analysis of trace metals in PM; 5 around
gas flaring area in Bayelsa State, Nigeria (relationship
among sampling stations).

Table 2 summarizes the principal components
(PCs) analysis of trace metals in atmospheric PM3 5
around a gas flaring area in Bayelsa State, Nigeria.
Total variance of 91.03% was obtained for the three
components. PC-1 contributed 45.012% to the total
variance, and correlates with nickel (r
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Ph ]
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In —
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Fig. 4. Cluster analysis of trace metals in PM25 around
gas a flaring area in Bayelsa State, Nigeria (relationship
among trace metals).

= 0.903), zinc (r = 0.899) and iron (r = 0.806). PC-2
contributed 26.873% to the total variance, and
correlates with lead (r = 0.862), while PC-3
contributed 19.146% to the total variance, and
correlates with vanadium (r = 0.834).
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Table 2. Principal components of trace metal in atmospheric PMa.s around a gas flaring area in Bayelsa State, Nigeria.

Trace metals PC -1 PC -2 PC -3
Fe 0.806 0.431 -0.304
Mn 0.458 -0.757 0.372
Ni 0.903 0.045 -0.346
Pb 0.157 0.862 0.318
Zn 0.899 -0.281 -0.031
\" 0.438 0.173 0.834

Total 2.701 1.612 1.149
% of Variance 45.012 26.873 19.146

Cumulative % 45.012 71.884 91.03

The analysis showed that three principal 37.5%, 50% and 12.5% showed moderate, low and

components (PCs) with eigenvalue > 1. This is
because the principal components with higher
eigenvalues explain the variation in the data set
[43]. The three principal components account for
91% of the total variance in the area. The level of
trace metals in the study area emanates from
multiple sources, including vehicular or traffic
emissions and natural sources. In component 1,
iron, nickel and zinc may be from vehicular
emission, combustion due to the flare gas and
natural effects, while components 2 and 3 are likely
from fuel combustion, vehicular emissions and
natural Source. Previous studies have indicated
that lead, manganese and vanadium can emanate
from natural sources and automobile exhaust in
PM_ s within some areas in Nanjing City, China [41].
In addition, Vaio et al. [39] have reported nickel
and vanadium to emanate from oil combustion,
while zinc can be released from industrial
emissions. Iron in PMjo from urban-industrial site in
Acerra, Italy, was of crustal origin. Also, Niu et al.
[50] reported that iron, zinc and manganese could
emanate from the earth’s crust. Lead, zinc and
manganese can be from transportation processes,
while manganese, lead and nickel result from fuel
combustion.

3.3. Environmental risk assessment

Table 3 shows the contamination factor (CF/) of
trace metals in PMys around a gas flaring area in
Bayelsa State, Nigeria. The CF/ ranged from low
uncleanness (contamination) to very high
uncleanness contamination. For iron, all mean and
MIN showed moderate and low contamination,
respectively. This being across the various
locations, while 75% and 25% of the MAX values
showed considerable and moderate

contamination, respectively. For manganese,

very high contamination, respectively, for its mean
values, with MIN values showing low, moderate and
very high contamination of 62.5%, 25% and 12.5%,
respectively. In addition, MAX values reflected 25%,
37.5%, 25% and 12.5% for low, moderate,
considerable  and high
respectively. For nickel, mean values recorded
12.5% and 87.5% for low
contamination respectively, while MIN values
depicted 100% for low contamination, with MAX
values reflecting 12.5%, 50% and 37.5% for low,
moderate and considerable contamination
respectively. For lead, mean values showed 50%

very uncleanness

and moderate

and 50% for low and moderate contamination,
respectively, with MIN values showing 75% and 25%
for low and moderate contamination, respectively.
At the same time, MAX values depicted 62.5% and
37.5% for moderate and low contamination,
respectively. For zinc, there was 100% moderate
and low CF/ for mean and MIN values, while MAX
values reflected 75% and 25% for moderate and
very high contamination, respectively. For
vanadium, mean values showed 62.5% and 37.5%
for moderate and low contamination, respectively,
while MIN values recorded 50% and 50% for
moderate and low contamination, respectively.
Whereas, MAX values recorded 37.5%, 12.5% and
50% for low,
contamination respectively. Table 4 shows the
pollution load index (PLI) and degree of
contamination (CD/) of trace metals in PMys

moderate and considerable

around a gas flaring area in Bayelsa State, Nigeria.
The PLI/ ranged from no to extremely trace
pollution. Approximately 75%, 12.5% and 12.5%
showed moderate, low and trace pollution for
mean values; 100% no pollution for MIN values, and
25%, 62.5% and 12.5% for moderate, trace and
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extremely trace pollution respectively, for MAX
values. Hence, the CD/ranged from low to very high
Risk. Approximately 62.5%, 12.5% and 25% for
moderate, very high and low Risk respectively, for

the mean value, 87.5% and 12.5% for low and
considerable Risk respectively, for MIN values; and
50% and 50% for moderate and considerable Risk
respectively, for the MAX values.

Table 3. Contamination factor (CF/) of trace metals in PMy.s around a gas flaring area in Bayelsa State, Nigeria.

Metals  Statistics Sampling stations

AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQS

Mean 2.14 2.80 2.26 2.54 2.51 2.12 113 1.02

Fe Min 0.13 0.09 0.12 0.26 0.16 0.14 0.18 0.16
Max 5.11 5.97 4.51 5.40 4.79 4.50 1.62 1.61

Mean 1.73 2.06 0.82 0.24 0.27 0.73 25.64 1.24

Mn Min 1.18 1.18 0.09 0.09 0.09 0.27 19.00 0.09
Max 3.82 4.55 1.45 0.45 0.45 1.45 32.27 2.73

Mean 2.31 1.81 1.47 1.33 1.43 1.25 1.81 0.33

Ni Min 0.42 0.48 0.44 0.38 0.42 0.38 0.48 0.19
Max 4.23 3.48 2.56 2.54 2.63 2.54 3.48 0.42

Mean 0.65 0.69 1.46 2.09 2.16 1.57 0.37 0.93

Pb Min 0.55 0.55 0.45 2.06 2.14 0.37 0.29 0.27
Max 0.73 0.78 2.22 2.12 2.20 2.22 0.47 2.12

Mean 1.27 2.57 1.28 1.31 1.29 1.28 3.21 1.41

Zn Min 0.02 0.51 0.21 0.20 0.19 0.19 0.51 0.77
Max 2.77 4.72 2.10 2.17 2.15 2.08 6.64 2.31

Mean 0.21 0.21 0.28 3.00 2.84 2.66 2.82 1.44

v Min 0.58 0.09 0.19 2.10 2.00 1.62 1.91 0.13
Max 0.43 0.33 0.38 3.88 3.55 3.19 3.57 2.43

Note: contamination factor (CF/): low uncleanness (CF/< 1); moderate uncleanness (1 = CF/< 3); considerable

uncleanness (3 = CF/< 6); very high uncleanness (CF/z 6).

The CFj, CD/and PLI/showed some varying levels of
contamination using the mean, MIN and MAX
values for each of the sample locations. The trend
report in this study had some similarities with
values recorded in trace metals in atmospheric PMjo
at Bayelsa State [27],
environmental components such as groundwater
[28] and soil [51]. Table 5 presents the index of
geoaccumulation (I-GEO)) of trace metals in PM2 s
around a gas flaring area in Bayelsa State, Nigeria.
The values ranged from no contamination to trace
to extreme contamination. For mean values of iron,
75% and 25% showed 0 < [-GEO/=1and I-GEO/= 0,
respectively, with MIN values showing 100% I-GEO/
=0; and 75% and 25% for 1 <I-GEO/= 2 and I-GEO/
= 0 respectively, for MAX values. For mean values of
manganese, 25%, 62.5% and 12.5% showed I-GEO/

and some other

=0, 1<1-GEO/ =2 and 4 < |-GEO/ < 5 respectively,
with MIN values showing 87.5% and 12.5% for |-
GEO/= 0 and 4 < |-GEO/ < 5 respectively. Whereas,
MAX values depicted 50%, 12.5% 25% and 12.5% for
I-GEO/=0, 0 < |I-GEO/=1,1<|-GEO/=2and 4 < I-
GEOQO/ < 5 respectively. For nickel, 62.5% and 37.5%
showed I-GEO/ = 0 and 0 < I-GEO/ = 1, respectively
for mean values, while 100% showed |-GEO/ =< 0 for
MIN values, and 12.5%, 50%, 35.5% for I-GEO/= 0,
0<I-GEO/=1and 1<|-GEO/= 2 respectively for MAX
values. For lead, 62.5% and 37.5% showed |-GEO/ =
0 and 0 < I-GEO/ = 1, respectively for mean values;
75% and 25% showed I-GEO/= 0 and 0 < I-GEO/=1,
respectively for MIN values, and 37.5% and 62.5%
showed I-GEO/ = 0 and 0 < I-GEO/ = 1, respectively
for MAX values. For zinc, 87.5% and 12.5% showed
I-GEO/= 0 and 0 < I-GEO/ =1, respectively for mean
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values; 100% for MIN values; and 75%, 12.5%, 12.5%
showed 0 < I-GEO/=<1, 1< |-GEO/=< 2 and 2 < I-GEO/
<3, respectively for MAX values. For vanadium, 50%
and 50% showed [-GEO/ = 0 and 0 < I-GEO/ = 1,
respectively for mean and MIN values; and 37.5%,
12.5% and 50% for I-GEO/= 0, 0 < I-GEO/=1and 1<
I-GEO/ = 2, respectively for MAX values. The I-GEO/
showed positive values for some of the mean, MIN
and MAX statistical considerations. The positive
values revealed contamination due to both
anthropogenic activities and natural effects [52].
Basically, positive CF/ and [-GEO/
contamination results from  anthropogenic
activities [52]. The pattern recorded in this study is
in previous report
groundwater [28] and soil [52].

Table 6 shows the enrichment factor (EF/) of trace
metals in PM25 around gas a flaring area in Bayelsa
State, Nigeria. The EF/ ranged from background
rank to very high enrichment. For manganese, 75%,
12.5% and 12.5% showed EF/=< 1, 20 < EF/< 40 and 1<
EF/ < 2, respectively for the mean values; , 75%,
12.5% and 12.5% showed EF/ =<1, 1< EF/<2 and 5 <
EF/ < 20, respectively for the MIN values; and 50%,
12.5%, 25% and 12.5% showed EF/=1, 1< EF/< 2, 5 <
EF/ < 20 and EF/ > 40, respectively for the MAX
values. For nickel, 75% and 25% showed EF/=1 and
1< EF/ < 2, respectively for the mean values; 87.5%
and 12.5% showed EF/=1and 2< EF/< 5, respectively
for the MIN values; and 25%, 62.5% and 12.5%
showed 1< EF/ < 2, 2< EF/ < 5 and 5 < EF/ < 20,
respectively for the MAX values. For lead, 100%
were EF = 1 for the mean values; 87.5% and 12.5%

indicate

accordance with a on

m

showed EF/ =1 and 1< EF/ < 2, respectively for the
MIN values; and 25%, 37.5% and 37.5% showed 1 <
EF/< 2,2 <EF/<5 and 5 < EF/< 20, respectively for
the MAX values. For zinc, 75%, 12.5% and 12.5%
showed EF/=1, 1< EF/ <2 and 2< EF/ < 5, respectively
for the mean values; 75%, 12.5% and 12.5% showed
EF/=1, 1< EF/< 2 and 2< EF/< 5, respectively for the
MIN values; and 25%, 37.5%, 25% and 12.5%
showed EF/=<1, 1<EF/< 2, 2< EF/<5 and 5 < EF/< 20,
respectively for the MAX values.
The EF/revealed background rank to extreme high
to
The

values observed in consonance with the previous

enrichment. However, background rank

moderate enrichment was predominant.
study on atmospheric PMyo in Bayelsa State [27]
Based on the criteria of EF/ < 10 (enrichment from
crustal origin) and EF/ > 10 (enrichment due to
human activities) presented by Vaio et al. (2018),
the enrichment values in this study mainly reflected
crustal origin (EF/ < 10), except for MAX values at
AQ2, and MAX and MIN values at AQ7 for
manganese, and MAX values of lead at AQ5 for
which enrichment was due to anthropogenic
activities (EF > 10). Again, only the MAX value of
AQ7 for manganese exceeded EF/ > 100 (high
enrichment), an indication that anthropogenic
activities were the Source of atmospheric PMys.
This trend is
atmospheric  PMy

in consonance with values in
around Bayelsa State, as

previously reported by Uzoekwe et al. [27].

Table 4. Pollution load index (PLI/) and degree of contamination (CD/) of trace metals in PM25 around a gas flaring

area in Bayelsa State, Nigeria.

Pollution load index (PLIJ)

Degree of contamination (CDJ)

Locations

Mean Min Max Mean Min Max
AQ1 1.07 0.27 2.04 8.31 2.88 17.10
AQ2 1.25 0.33 2.20 10.14 2.89 19.82
AQ3 1.06 0.21 1.76 7.55 1.50 13.23
AQ4 1.37 0.44 2.19 10.52 5.09 16.58
AQ5 1.40 0.41 2.14 10.50 5.00 15.77
AQb 1.48 0.34 2.50 9.60 2.97 15.99
AQ7 2.37 0.88 3.56 34.97 22.37 48.05
AQS8 0.96 0.20 1.67 6.37 1.61 11.62

Note: degree of contamination (CD/): low hazard or hazard (CD/< 8); moderate hazard (8 = CD/< 16); considerable
hazard (16 = CD/ < 32); very high hazard (CD/> 32); for pollution load index (PLI/): no pollution (PLI/ < 1); moderate
pollution (1 < PLI/< 2); trace pollution (2 < PLI/< 3); extremely trace pollution (3 < PLI/).

Table 5. Index of geoaccumulation (I-GEO/) of trace metals in PM2 5 around gas a flaring area in Bayelsa State,

Nigeria.
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Metals Statistics Locations

AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8

Fe Mean 0.51 0.90 0.59 0.76 0.74 0.50 -0.41 -0.56
MIN -3.49 -4.14 -3.66 -2.55 -3.24 -3.41 -3.08 -3.20

MAX 1.77 1.99 1.59 1.85 1.67 1.59 0.1 0.1

Mean 0.20 0.46 -0.87 -2.63 -2.46 -1.04 4.10 -0.27

Mn MIN -0.34 -0.34 -4.04 -4.04 -4.04 -2.46 3.66 -4.04
MAX 1.35 1.60 -0.04 -1.72 -1.72 -0.04 4.43 0.86

Mean 0.62 0.27 -0.03 -0.17 -0.07 -0.26 0.27 -2.20

Ni MIN -1.85 -1.65 -1.78 -2.00 -1.85 -2.00 -1.65 -3.00
MAX 1.50 1.21 0.77 0.76 0.81 0.76 1.21 -1.85

Mean -1.21 -1.13 -0.04 0.48 0.53 0.07 -2.00 -0.70

Pb MIN -1.44 -1.44 -1.74 0.46 0.51 -2.03 -2.39 -2.50
MAX -1.03 -0.95 0.57 0.50 0.56 0.57 -1.68 0.50

Mean -0.24 0.78 -0.23 -0.20 -0.22 -0.23 1.10 -0.09

Zn MIN -6.29 -1.56 -2.83 -2.89 -2.96 -2.96 -1.56 -0.96
MAX 0.88 1.65 0.48 0.53 0.52 0.47 2.15 0.62

Mean -2.82 -2.82 -2.45 1.00 0.92 0.82 0.91 -0.05

Vv MIN -1.37 -4.11 -2.99 0.49 0.42 0.1 0.35 -3.52
MAX -1.79 -2.17 -1.99 1.37 1.24 1.09 1.25 0.70

Note: I-GEO/ = 0 (no uncleanness or contamination), 0 < I-GEO/ =1 (no uncleanness to moderate uncleanness), 1< |-
GEO/= 2 (moderate uncleanness), 2 < I-GEO/< 3 (moderate to trace uncleanness), 3 < I-GEO/< 4 (trace uncleanness),
4 <|-GEO/< 5 (trace to extreme uncleanness), I-GEO/z 5 (extreme uncleanness).

Table 6. Enrichment factor (EF/) of trace metals in PMa.5s around gas flaring area in Bayelsa State, Nigeria.

Sampling stations

Metals Statistics

AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQ8

Mean 0.81 0.74 0.36 0.10 0.1 0.34 22.77 1.22

Mn MIN 0.75 0.76 0.32 0.08 0.09 0.32 19.89 1.69
MAX 8.86 13.87 0.77 0.36 0.57 1.94 106.88 0.56

Mean 1.08 0.65 0.65 0.52 0.57 0.59 1.60 0.32

Ni MIN 0.83 0.58 0.57 0.47 0.55 0.56 2.14 0.26
MAX 3.13 5.63 3.69 1.47 2.62 2.66 2.70 1.15

Mean 0.30 0.25 0.64 0.82 0.86 0.74 0.33 0.91

Pb MIN 0.14 0.13 0.49 0.39 0.46 0.49 0.29 1.31
MAX 4.13 6.47 3.79 8.07 13.46 2.61 1.61 1.63

Mean 0.59 0.92 0.56 0.51 0.51 0.60 2.85 1.39

Zn MIN 0.54 0.79 0.46 0.40 0.45 0.46 4.10 1.43
MAX 0.14 5.98 1.78 0.79 1.21 1.37 2.87 4.72

Note: background rank (EF/ = 1), minimal enrichment (1< EF/ < 2), moderate enrichment (2< EF/ < 5), significant
enrichment (5 < EF/< 20), very high enrichment (20 < EF/ < 40), extremely high enrichment (EF/> 40).

The Source of these metals in the atmosphere may
be from anthropogenic activities. Apart from gas
flaring, bush burning, open dump
incineration, artisanal refining of crude oil/illegal

waste

bunkering, among others, contribute significantly
to the in the
environment. Table 7 shows the ecological Risk of
trace metals in PM2s around a gas flaring area in

release of trace/trace metals
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Bayelsa State, Nigeria. The ecological risk (ER/)
values showed low Risk (Er < 40) for test metals
across study locations using the various statistical
approaches (mean, MIN and MAX). The risk hazard
(ERI/) was low (ERI < 150) across various locations
for the test statistics (mean, MIN and MAX). The
ER/of manganese, nickel, lead and zinc, and overall
risk index across all study locations revealed low

risks. The values were lower when compared to the
criteria of low to considerable Risk recorded for ER/,
and low to moderate Risk for risk index earlier
recorded by Uzoekwe et al. [27]. The values
recorded had some similarities with values
recorded in some environmental components such
as soil [32] and groundwater [28].

Table 7. Ecological Risk (ER/) and risk index (ERI/) of trace metals in PM2s around a gas flaring area in Bayelsa State,

Nigeria.
Sampling stations
Metals Statistics
AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7 AQS
Mean 1.73 2.06 0.82 0.24 0.27 0.73 25.64 1.24
Mn MIN 1.18 1.18 0.09 0.09 0.09 0.27 19.00 0.09
MAX 3.82 4.55 1.45 0.45 0.45 1.45 32.27 2.73
Mean 1156 9.03 7.33 6.67 7.15 6.25 9.03 1.63
Ni MIN 2.08 2.40 2.19 1.88 2.08 1.88 2.40 0.94
MAX 2115 17.40 12.81 12.71 13.13 12.71 17.40 2.08
Mean 3.23 3.44 7.28 10.44 10.82 7.86 1.87 4.63
Pb MIN 2.76 2.76 2.24 10.31 10.71 1.84 1.43 1.33
MAX 3.67 3.88 11.12 10.61 11.02 11.12 2.35 10.61
Mean 1.27 2.57 1.28 1.31 1.29 1.28 3.21 1.41
Zn MIN 0.02 0.51 0.21 0.20 0.19 0.19 0.51 0.77
MAX 2.77 4.72 2.10 2.17 2.15 2.08 6.64 2.31
Potential Mean 17.79  17.09 16.71 18.66 19.53 16.12 39.75 8.91
Ecological MIN 6.04  6.84 4.73 12.47 13.08 4.7 23.33 3.12
Risk index MAX 3141 30.54 27.48 25.94 26.75 27.36 58.65 17.74

Note: low hazard or risk (ER/ < 40); moderate hazard (40 = ER/ < 80); considerable (80 = ER/ < 160); high 160 = ER/ <
320); very high (ER/ = 320); low hazard (ERI/ < 150); moderate hazard (150 = ERI/ < 300); considerable hazard (300 =
ERI/ < 600); very high hazard (ERI/ = 600); potential ecological risk hazard (ERI/); Ecological risk (ER/).

3.4. Human risk assesment

Table 8 showed the
carcinogenic hazard of trace metals of adults and
children around a gas flaring area in Bayelsa State,
Nigeria. Under the categories (adult and child), the
different statistical approaches (mean, MIN and
MAX) for test metals (manganese, nickel, lead and

inhalation risk of non-

vanadium) were < 1. The total non-carcinogenic
hazard of trace metals was also < 1. Table 9 shows
the carcinogenic risk of nickel and lead via

inhalation in adults and children around the gas
flaring area. For adults, nickel values were in the
range of 10®- 1077 for mean and MAX, and 107 for
MIN values. For children, the values were in the
range of 107 - 108 for mean and MIN values and 10"
8_107 for MAX values. Meanwhile, lead values were
in the order of 10°8 for mean and MAX values, and
107 - 10°8 for MIN values (adult), and 1077 - 1078 for
mean, MIN and MAX values, except for few

instances where the values were 0.00E+00.

Table 8. Inhalation risk of non-carcinogenic hazard of trace metals in adult and children inhabiting gas flaring area in

Bayelsa State, Nigeria.
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Metals Locations Adult Child

Mean MIN MAX Mean MIN MAX

AQ1 9.98E-03 0.00E+00 2.21E-02 9.98E-03 0.00E+00 2.21E-02
AQ2 1.19E-02 0.00E+00 2.63E-02 1.19E-02 0.00E+00  2.63E-02
AQ3 4.73E-03 5.25E-04 8.41E-03 4.73E-03 5.25E-04 8.41E-03
AQ4 1.40E-03 5.25E-04 2.63E-03 1.40E-03 5.25E-04 2.63E-03

Mn AQ5 1.58E-03 5.25E-04 2.63E-03 1.58E-03 5.25E-04 2.63E-03
AQ6 4.20E-03 1.58E-03 8.41E-03 4.20E-03 1.58E-03 8.41E-03

AQ7 1.48E-01 1.10E-01  1.87E-01 1.48E-01 1.10E-O1 1.87E-01

AQ8 7.18E-03 5.25E-04 1.58E-02 7.18E-03 5.25E-04 1.58E-02

AQ1 5.83E-02 1.05E-02 1.07E-01 5.83E-02 1.05E-02 1.07E-01

AQ2 4.55E-02 1.21E-02  8.77E-02 4.55E-02  1.21E-02 8.77E-02

AQ3 3.70E-02 1.10E-02 6.46E-02 3.70E-02 1.10E-02 6.46E-02

. AQ4 3.36E-02 9.46E-03 6.41E-02 3.36E-02 9.46E-03 6.41E-02
Ni AQ5 3.61E-02  1.05E-02 6.62E-02 3.61E-02 1.05E-02 6.62E-02
AQ6 3.15E-02 9.46E-03 6.41E-02 3.15E-02 9.46E-03 6.41E-02

AQ7 4.55E-02 1.21E-02  8.77E-02 4.55E-02  1.21E-02 8.77E-02

AQ8 8.23E-03 4.73E-03 1.05E-02 8.23E-03 4.73E-03 1.05E-02

AQ1 2.38E-04 2.03E-04 2.70E-04 2.38E-04 2.03E-04  2.70E-04

AQ2 2.53E-04 2.03E-04 2.85E-04 2.53E-04 2.03E-04  2.85E-04

AQ3 5.35E-04 0.00E+00 8.18E-04 5.35E-04 O0.00E+00  8.18E-04

AQ4 7.68E-04 7.58E-04 7.81E-04 7.68E-04 7.58E-04 7.81E-04

Pb AQ5 7.96E-04 7.88E-04 8.11E-04 7.96E-04 7.88E-04 8.11E-04
AQ6 5.78E-04 1.35E-04 8.18E-04 5.78E-04 1.35E-04 8.18E-04

AQ7 1.38E-04 1.05E-04 1.73E-04 1.38E-04 1.05E-04 1.73E-04

AQ8 3.40E-04 9.76E-05 7.81E-04 3.40E-04 9.76E-05 7.81E-04

AQ1 3.85E-03 0.00E+00 7.88E-03 3.85E-03 0.00E+00 7.88E-03

AQ2 3.85E-03 1.58E-03 6.04E-03 3.85E-03 1.58E-03 6.04E-03

AQ3 4.99E-03 3.42E-03 6.83E-03 4.99E-03 3.42E-03 6.83E-03

AQ4 5.45E-02 3.81E-02 7.04E-02 5.45E-02 3.81E-02 7.04E-02

v AQ5 5.14E-02 3.63E-02 6.44E-02 5.14E-02 3.63E-02 6.44E-02
AQ6 4.82E-02 2.94E-02 5.78E-02 4.82E-02 2.94E-02 5.78E-02

AQ7 5.11E-02  3.47E-02 6.46E-02 5.11E-02 3.47E-02 6.46E-02

AQ8 2.62E-02 2.36E-03 4.41E-02 2.62E-02 2.36E-03 4.41E-02

AQ1 1.15E-05 1.75E-07 2.52E-05 1.15E-05 1.75E-07 2.52E-05

AQ2 2.34E-05 4.64E-06 4.30E-05 2.34E-05 4.64E-06  4.30E-05

AQ3 1.16E-05 1.93E-06 1.91E-05 1.16E-05 1.93E-06 1.91E-05

7n AQ4 1.19E-05 1.84E-06 1.98E-05 1.19E-05 1.84E-06 1.98E-05

AQ5 1.17E-05 1.75E-06 1.96E-05 1.17E-05 1.75E-06 1.96E-05
AQ6 1.16E-05 1.75E-06 1.89E-05 1.16E-05 1.75E-06 1.89E-05
AQ7 2.92E-05 4.64E-06 6.05E-05 2.92E-05 4.64E-06  6.05E-05
AQ8 1.29E-05 7.01E-06 2.10E-05 1.29E-05 7.01E-06 2.10E-05
AQ1 7.24E-02 1.07E-02  1.37E-01 7.24E-02 1.07E-02 1.37E-01
AQ2 6.15E-02 1.39E-02 1.20E-01 6.15E-02 1.39E-02 1.20E-01
AQ3 4.73E-02 1.49E-02 8.07E-02 4.73E-02 1.49E-02 8.07E-02
AQ4 9.03E-02 4.88E-02 1.38E-01 9.03E-02 4.88E-02 1.38E-01
AQ5 8.99E-02 4.81E-02 1.34E-01 8.99E-02 4.81E-02 1.34E-01
AQ6 8.45E-02 4.06E-02 1.31E-01 8.45E-02 4.06E-02 1.31E-01
AQ7 2.45E-01 1.57E-01 3.40E-01 2.45E-01 1.57E-01 3.40E-01
AQ8 4.20E-02 7.72E-03 7.12E-02 4.20E-02 7.72E-03 7.12E-02

Total non-carcinogenic hazard

Table 9. Inhalation risk of carcinogenic hazard of trace metals in adult and child around a gas flaring area in Bayelsa
State, Nigeria.
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Metals Locations Adult Adult Adult Child child Child
Mean MIN MAX Mean MIN MAX

AQ1 2.40E-07 4.32E-08 4.39E-07 6.00E-08 1.08E-08 1.10E-07

AQ2 1.87E-07 4.97E-08 3.61E-07 4.68E-08 1.24E-08 9.03E-08

AQ3 1.52E-07 4.54E-08 2.66E-07 3.80E-08 1.13E-08 6.65E-08

. AQ4 1.38E-07 3.89E-08 2.64E-07 3.46E-08 9.73E-09 6.59E-08

N AQ5 1.48E-07 4.32E-08 2.72E-07 3.71E-08 1.08E-08 6.81E-08

AQ6 1.30E-07 3.89E-08 2.64E-07 3.24E-08 9.73E-09 6.59E-08

AQ7 1.87E-07 4.97E-08 3.61E-07 4.68E-08 1.24E-08 9.03E-08

AQ8 3.39E-08 1.95E-08 4.32E-08 8.47E-09 4.86E-09 1.08E-08

AQ1 2.28E-08 1.95E-08 2.59E-08 4.28E-09 3.65E-09 4.87E-09

AQ2 2.43E-08 1.95E-08 2.74E-08 4.55E-09 3.65E-09 5.14E-09

AQ3 5.14E-08 0.00E+00 7.85E-08 9.65E-09 0.00E+00 1.47E-08

Pb AQ4 7.37E-08 7.28E-08 7.49E-08 1.38E-08 1.37E-08 1.41E-08

AQ5 7.64E-08 7.57E-08 7.78E-08 1.43E-08 1.42E-08 1.46E-08

AQ6 5.55E-08 1.30E-08 7.85E-08 1.04E-08 2.43E-09 1.47E-08

AQ7 1.32E-08 1.01E-08 1.66E-08 2.48E-09 1.89E-09 3.11E-09

AQ8 3.27E-08 9.37E-09 7.49E-08 6.13E-09 1.76E-09 1.41E-08

The health risks depicted by the carcinogenic
hazard of nickel and non-carcinogenic hazard of all
other (manganese, nickel, lead,
vanadium and zinc) for the two groups of persons
(adults and children), particularly considering
exposure due to inhalation showed no adverse
health effects according to the mean, MIN and
MAX values obtained. The carcinogenic hazard of
nickel and lead were lesser than the threshold
values of 10* - 10 for both body weights
(adult and children) [6,27,42]. The
values were lesser than (< 107%) classified shallow
risk (totally acceptable) classification category by
Adeyemi and Ojekunle [53], and Joel et al. [54].
This suggests that individuals exposed to
atmospheric PMys in the study area may not
experience carcinogenic effects resulting from the
test metals. the values had some
similarity with an average carcinogenic hazard of
some trace metals such as arsenic (2.25E-09),
cadmium (2.09E-12) and chromium (2.05E-11) in
PM2s in urban air of Tehran, Iran [55], range of 108
- 107 (arsenic), 107 - 10°® (cobalt) and 10°® - 10°¢
(cadmium) in atmospheric PMyg in Bayelsa State,
Nigeria [27] . The non-carcinogenic hazard of all
trace metals studied was < 1 for the different
categories of body weight (adult and child). This is
an indication that there is no potential adverse
health effect. (non-
carcinogenic and hazards) s

test metals

considered

However,

Values observed for

carcinogenic

consistent with the values recorded for the non-
carcinogenic threat of trace metals in atmospheric
PMyo in Bayelsa State, as reported by Uzoekwe et al.
[27]. Hence, the human Risk (carcinogenic and
non-carcinogenic hazards) is within the acceptable
range for both age groups. The trend in
carcinogenic and non-carcinogenic hazards for the
individual trace metals showed some resemblance
with the report of Vaio et al. [37] in Acerra city in
Italy, and Uzoekwe et al. [27]in Bayelsa State,
Nigeria.

4. Conclusions

PM,s5 has the tendency to penetrate into the
alveoli, causing obstruction in the respiratory tract
system. This study investigated the concentration,
Source, environmental and human health risk of
trace metals in atmospheric PM;5 around a gas
flaring area in Bayelsa state, Nigeria. The study
showed that there is no statistical dissimilarity (p >
0.05) in mean values of iron, nickel and zinc, while
significant variations (p < 0.05) exist in the various
study locations for manganese, lead and
vanadium. CFj CD/ and PLI/ revealed
contamination ranging from low to high Risk. The
EF/ and |-GEO/ revealed that the metals emanate
from human activities and geologic sources. The
ecological Risk and risk index depicts low Risk,
while the health risk (carcinogenic and non-
carcinogenic hazard) showed no adverse health
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concern due to inhalation of these trace metals in
atmospheric PM3s. Therefore, there is a need to
include PM;s5 as part of ambient air monitoring
parameters, especially when considering ambient
air quality.
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