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Settled dust or suspended particles of dust in air contains transition and post-transition metal oxides
like Chromium oxide {Cr,03}, Manganese oxide {MnO}, Nickel oxide {NiO}, Copper oxide {CuO}, Zinc
oxide {ZnO}, Titanium oxide {TiOy}, Iron oxide {Fe,O3}, Zirconium oxide {ZrO,}, Lead oxide {PbO} and
Aluminum oxide {Al,O3} and the study was carried out to find out the composition of these metallic
oxides and the comparison between them with X-Ray Fluorescence Spectrometer (Chemical Analysis
Instrument) by making solid beads of settled dust. Their average percent composition is found as 0.043,
0.0109, 0.013, 0.049, 0.425, 0.485, 5.39, 0.365, 0.031, and 5.55 respectively. Total of four areas were
chosen to study within Karachi, a busiest and highly populated city of Pakistan. This study provides
helpful data for future research and assignments as the studied metal oxides are the dynamics for

environment pollution.
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INTRODUCTION

Study on environmental sciences, earth sciences as well
as ecology is increasing day by day, because of its more
importance in the world as it provides adorable
information which can be used in various ways to prevent
life of living organisms or improve the life of living
organisms and minimizing unnecessary anthropogenic
activities. Metals oxides especially transition, post
transition metal oxides have super applications in many
fields like magneto-cooling, purification of biological
materials especially enzymes, in catalysis reactions,
optical devices, embolic, radionuclide or magnetic
therapy and in drugs etc (Huang et al., 2010). TiO, has

good applications in paint as it is used in manufacturing
of pigments, dye, polymer and cosmetic products etc; in
addition to its being a good UV absorber as well. TiO, is
also used in electronic devices and may act like a solid
electrolyte. CuO is used in manufacturing of pigments,
dyes, ceramics to impart color mostly blue and green,
semiconductors, cell batteries etc. ZnO is used in
electronic devices like laser diodes, LEDs, batteries, solar
cells, UV-Visible detectors. Other applications include
being used in pigments, dyes, products like skin care and
cosmetics etc., alongside other applications in other
transition metal oxides (Huang et al., 2010).
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Previous studies mostly focused on heavy metals or
transition metals (Ahmed et al., 2019; Shah et al., 2012)
but their oxides in which these metals exist have not
been studied in soil and suspended soil or dust particles.
This study concentrates on transition, post transition
metal oxides in suspended dust particles and will provide
valuable information that may be used for research
activities. The resulting data will be enough to study the
extraction of transition metal oxides from soils or
suspended dust particles because transition metals have
wide variety of applications that are beneficial for human
beings.

There are numbers of anthropogenic activities and
metrological factors which may impact changes in the
composition of suspended soil particles due to which
there will always be valuable data that may be used to
find the factors (Rasmussen et al., 2018). This
experimental work has been done before the COVID-19
pandemic that starts in February 2020 in Pakistan.

Environmental significance

Research works have been done mostly on heavy and
hazardous metals only especially in Pakistan. In this
study, we assess transition and post-transition metal
oxides. This exhaustive information about metallic oxides
is a fundamental fragment for enhanced understanding of
the metallic oxides and their influence on the environment
or climate, especially for human beings in this susceptible
region.

MATERIALS AND METHODS

Suspended soil particles or settled dust samples were taken
randomly from four sites of Karachi, Pakistan and sites were named
as Saadi Town - a rural area of city, Gulshan-e-Igbal - an urban
area of city, National Highway road side - a high traffic area of city,
and Port Qasim - an industrial area of city. Samples were taken by
brush directly and stored in polythene bag from solid objects. Press
pallets (solid pallets from settled dust samples to produce accurate
results through XRF Analyzer) were made from all collected
samples with the help of machine used to make pallets and then
pallets were analyzed with wave dispersive x-ray fluorescence
spectrometer (WD-XRF) to get the transition metal oxides, post
transition metal oxides composition in the form of percentage
(Ahmed et al., 2019; Naveed et al., 2020). Super Q software was
used to operate instrument and parameters was set as per
standard test method, that is, ASTM E1621.

RESULTS AND DISCUSSION

Cr,O3, MnO, NiO, CuO, ZnO, TiO,, Fe,03 ZrO, are
transitional metal oxides found in suspended dust
particles collected from four chosen areas of Karachi for
this study. AlL,Oz; and PbO are two post transition metal
oxides found in suspended dust particles as well. Table 1
shows the chemical composition of transition metal
oxides and post transition metal oxides in all 36 samples,
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9 from each four areas of Karachi. Mean, Standard
deviation, Minimum, Maximum, Root Mean Square and
Root Mean Square Relative Concentration in percentage
are also calculated (Table 1)

Saadi Town (Rural)

In post transition metal oxides for Saadi town, Al,O; was
found in higher percentage with the average value of
4.529%. In 9 samples, its minimum value is 3.12% while
maximum value is 7.28%. Also, PbO was found in low
percentage with the average value of 0.012%. In a total
of 9 samples, its minimum value is 0.005% while its
maximum value is 0.022% (Table 1 and Figure 1).

Compared with other selected areas, all metal oxides
are at lower side (Table 2). It shows that overall pollution
is low in Saadi town (a rural area) because of absence of
industries and heavy traffic movement. Figure 1 shows
the increasing trend in percentage of transition metal
oxides is NiO = CuO < ZnO < Cr,03 < MnO < TiO, < ZrO,
< Fey0s.

Gulshan-e-Igbal (Urban)

In post transition metal oxides for Gulshan-e-Igbal, Al,O3
was found in higher percentage with the average value of
5.488%. In 9 samples, its minimum value is 5.10% while
maximum value is 5.94%. Also, PbO was found in low
percentage with the average value of 0.049%. In a total
of 9 samples, its minimum value is 0.04% while its
maximum value is 0.06% (Table 1 and Figure 2).

Compared with other selected areas, pollution is
medium in Gulshan-e-Igbal (an urban area) because of
large and heavy traffic movement as Cr,O3 and PbO are
higher in Gulshan-e-Igbal than other areas (Table 2).
Figure 2 shows the increasing trend in percentage of
transition metal oxides is NiO < CuO < Cr,0; < MnO <
Zn0O < ZrO, < TiO, < Fe,0;.

National highway (heavy traffic)

In post transition metal oxides for national highway, Al,O3
found in higher percentage with the average value of
4.346% and in total 9 samples its minimum value is
3.88% while maximum value is 4.68 %. Also, PbO found
in low percentage with the average value of 0.025%. In a
total of 9 samples, its minimum value is 0.018% while its
maximum value is 0.034% (Table 1 and Figure 3).

Compared with other selected areas, pollution is low at
the 2" position in National Highway (Table 2), a heavy
traffic area because of large heavy traffic movement.
Figure 3 shows the same increasing trend in percentage
of transition metal oxides as for Gulshan-e-Igbal, an
urban area with NiO < CuO < Cr,03 < MnO < ZnO < ZrO,
< T|02 < Fey0s.
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Table 1. Chemical composition in weight percent of transition metal oxides, post transition metal oxides in suspended soil particles for all 36
samples from different sites of Karachi, Pakistan, analyzed by WD-XRF Spectrometer.

Sampling Sample Transition metal oxides Post transition metal oxides
site no.  Cr,0; MnO NiO CuO 2ZnO TiO, Fe03 ZrO, PbO Al,03
1 0.046 0.112 0.016 0.008 0031 0.558 4.83 0.437 0.022 7.28
2 0020 0118 ND ND 0013 0293 3.33 0541 ND 3.30
3 0.043 0103 0.009 0.010 0.039 0570 4.96 0.429 0.019 7.22
Saadi Toun 4 0.023 0115 0.007 0.012 0012 0.305 3.29 0.534 0.010 3.23
(Rural) 5 0.045 0104 0.014 0011 0031 0545 497 0.442 0.022 7.22
6 0.023 0098 ND ND 0018 0.318 3.16 0.556 0.008 3.20
7 0.013 0116 0.007 0.011 0013 0.301 3.14 0.424 0.007 3.12
8 ND 0.105 0.009 0.007 0.010 0297 3.19 0.428 0.005 3.12
9 0.021 0110 0.009 ND 0014 0302 3.09 0417 0.006 3.07
10 0.056 0.106 0.017 0.018 0.059 0464 492 0.334 0.046 5.10
11 0.062 0.094 0.012 0.019 0061 0486 492 0.330 0.043 5.13
12 0.054 0090 0.010 0.019 0053 0462 496 0.339 0.040 5.12
Gulshan-e- 13 0.091 0.096 0.021 0.021 0580 0560 4.78 0.391 0.054 5.92
Igbal 14 0.079 0109 0.017 0.017 0581 0557 4.80 0.386 0.059 5.91
(Urban) 15 0.088 0.107 0.008 0.014 0579 0537 4.89 0.386 0.060 5.94
16 0.060 0.113 0.012 0.021 0062 0518 541 0.259 0.049 5.35
17 0.077 0106 0.017 0.017 0.068 0515 545 0.276 0.044 5.44
18 0.065 0.112 0.010 0.018 0.063 0491 545 0.263 0.045 5.47
19 0.035 0125 0.013 0.012 0.046 0443 455 0.307 0.023 3.88
20 0.041 0101 0.009 0.009 0.046 0.417 452 0.295 0.018 3.85
21 0.038 0106 0.011 0.013 0.045 0452 4.46 0.294 0.019 3.80
National 22 0.037 0.114 0.014 0.022 0.234 0.487 506 0.221 0.033 4.52
Highway 23 0.037 0.098 0.018 0.024 0230 0495 510 0.215 0.029 4.68
(High Traffic) 24 0.032 0.095 0.016 0.022 0231 0507 514 0.210 0.034 4.68
25 0.036 0101 0.012 0.022 0.140 0481 4.66 0.509 0.024 4.56
26 0.036 0102 0.009 0.026 0.136 0.477 459 0.516 0.023 4.52
27 0.056 0.103 0.011 0.032 0.136 0454 4.63 0.517 0.021 4.64
28 0.029 0123 0.015 0.017 2.970 0465 7.60 0.419 0.041 5.87
29 0.029 0109 0.013 0.019 2981 0450 7.69 0.432 0.041 5.87
30 0.030 0122 0.012 0.015 2.993 0490 7.63 0.413 0.042 5.89
S 31 0.033 0121 0.015 0.116 0089 0.634 834 0.260 0.027 9.10
(Industrial) 32 0.034 0.115 0.014 0.133 0090 0.650 8.43 0.259 0.031 9.11
33 0.037 0121 0.007 0.115 0083 0.666 8.40 0.267 0.028 9.15
34 0.029 0.119 0.016 0.267 0.843 0.604 7.92 0.285 0.032 8.47
35 0.035 0.139 0.013 0.265 0.860 0.599 7.85 0.278 0.031 8.53
36 0.026 0.113 0.012 0.274 0850 0.620 7.81 0.287 0.032 8.53
Mean Conc. 0.043 0109 0.013 0.049 0425 0485 539 0.365 0.031 5.55
Standard Dev. 0.019 0.010 0.004 0.077 0.822 0.103 1.656 0.102 0.015 1.871
Min. Conc. 0.013 0.090 0.007 0.007 0.010 0.293 3.09 0.210 0.005 3.07
Max. Conc. 0.091 0139 0.021 0.274 2.993 0.666 8.43 0.556 0.060 9.15
RMS Conc. 0.019 0.010 0.004 0.077 0.822 0.103 1.66 0.102 0.015 1.87

RMS rel. Conc. % 45.4 9.4 277 1559 1934 21.2 30.7 27.9 48.2 33.7
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Table 2. Chemical composition in weight percent of transition metal oxides, post transition metal oxides in suspended soil particles from
different sites of Karachi, Pakistan, analyzed by WD-XRF Spectrometer.

Transition metal oxides

Post transition metal oxides

Karachi's site

Cr,03 MnO NiO CuO Zn0O TI02 Fe, O3 Zr0O; PbO A|203
Saadi Town 0.029 0.109 0.010 0.010 0.020 0.388 3.773 0.468 0.012 4.529
Gulshan-e-Igbal 0.070 0.104 0.014 0.018 0.234 0.510 5.064 0.329 0.049 5.488
National highway 0.039 0.105 0.013 0.020 0.138 0.468 4.747 0.343 0.025 4.346
Port Qasim 0.031 0.120 0.013 0.136 1.307 0.575 7.964 0.322 0.034 7.835

%

TRANSITION METAL OXIDE, POST TRANSITION METAL OXIDES

Figure 1. Surface area graph for percentage composition of transition metal oxides, post transition metal oxides from

Saadi Town (Rural).

Port Qasim (industrial)

In post transition metal oxides for Port Qasim, Al,O; was
found in higher percentage with the average value of
7.835%. In 9 samples, its minimum value is 5.87% while
maximum value is 9.15%. Also, PbO was found in low
percentage with the average value of 0.034%. In a total
of 9 samples, its minimum value is 0.027% while its
maximum value is 0.042% (Table 1 and Figure 4).
Compared with other selected areas MnO, CuO, ZnO,
TiO2, Fe203 and Al203 are higher (Table 2). Pollution is
high in Port Qasim (an industrial area) because of
number of industries including but not limited to steel,
soap, oil and ghee, automobile industries etc. Figure 4

shows the increasing trend in percentage of transition
metal oxides as NiO < Cr,03 < MnO < CuO < ZrO, < TiO,
<Zn0O < Fe,0s.

Figures 5 to 14 show the comparison of each metallic
oxide in all four areas which are selected for study
purpose.

Conclusion

This type of study mostly for metals only is carried out in
different countries (Leung et al., 2008; Alsubaie et al.,
2019; Duong and Lee, 2011; Faridul et al.,, 2014
Khademi et al., 2019; Khan et al., 2011; Liu et al., 2009;



38

J. Environ. Chem. Ecotoxicol.

6.000

5.000

%

4.000

3.000

2.000

1.000

0.000

TRANSITION METAL OXIDE, POST TRANSITION METAL OXIDES

Figure 2. Surface area graph for percentage composition of transition metal oxides, post transition
metal oxides from Gulshan-e-lgbal (Urban).
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Figure 3. Surface area graph for percentage composition of transition metal oxides, post transition metal oxides
from National Highway (High Traffic).
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Figure 4. Surface area graph for percentage composition of transition metal oxides, post transition metal oxides
from Port Qasim (Industrial).
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Machado et al., 2006; Mashiatullah et al., 2013; Men et Verma, 2015; Wan et al., 2016); however, in Pakistan,
al., 2018; Muhammad et al., 2011, Siddique et al., 2009, related to this research work, research work is conducted
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Figure 11. Graph of percentage of composition of Fe,Os in
suspended dust particles from all four sites of Karachi, Pakistan.
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Figure 12. Graph of percentage of composition of ZrO; in
suspended dust particles from all four sites of Karachi, Pakistan.

only for metals in Lahore (von Schneidemesser et al.,
2010), Islamabad (Shah and Shaheen, 2007; Shah et al.,
2012) but no metallic oxides are studied especially in
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Figure 13. Graph of percentage of composition of PbO in
suspended dust particles from all four sites of Karachi, Pakistan.
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Figure 14. Graph of percentage of composition of Al,Os in
suspended dust particles from all four sites of Karachi, Pakistan.

Karachi. The results of quantification of metallic oxides of
settled dust in this study tells about the metallic oxide
pollution level and assessment of heavy metallic oxides
(Khademi et al., 2019) in different functional areas of
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Karachi that are studied in this research work, which will
also help in liability of further related studies. Almost all
heavy metallic oxides determined in settled dust belong
to soil composition but their high concentration than soil
composition is due to anthropogenic activities of human
beings. There are a number of factors listed here but not
limited to industries working with heavy metals that are
releasing effluent in smoke or industrial dust which
contaminate the dust. On the other hand, millions of
traffic vehicles are seen in Karachi, out of which most
vehicles used Pb containing fuels and after releasing
smoke, also contaminate the dust (Khan et al., 2011).
The heavy and hazardous metals have high impact on
health of living organisms, mostly human beings.

Further research can be done using this research as a
base study. Doctors, for instance can search about
different causes of diseases in humans using these
findings.

This study needs further work by selecting the
remaining functional areas of Karachi like Seaside, West
Wharf, S.I.T.E etc., because Karachi is a big city due to
which all the areas were difficult to select for this study.
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