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Abstract— The key source of soil pollution is the effect of dust and gaseous pollutants from cement industry. The dust
mainly spread around the cement industry to a radius of 5,000 meters, causing the soils to become mostly polluted. In the
morphological observation of the soil samples, it was found that there was change in colour of soil in the surface layer. The
chemical and physical properties of the soil changes due to pollution. The pH of the soil changed alkalinity. In this probe,
the bacterial population and diversity in soil around a cement plant were assessed at two different sites. Site A (test site)
was covered with cement dust, while site B (control site) was free of cement dust. Four soil samples were collected from
the surface and below the surface at both sites and their bacterial density and diversity was quantified. The bacteriological
identification was carried out using standard methods of analysis. The highest bacterial count of 128.00 x 10* was observed
in surface soil sample in control site B, while the least count of 52.00 x 10* was observed in soil sample obtained below the
surface at site A. A total of 12 Gram negative bacterial isolates were characterized which include; Citrobacter
amalonaticus, Kleibsella. oxytoca, Klebsiella.terrigena, Proteus.mirabilis, Enterobacter.cloacae, Enterobacter.aerogenes,
Pseudomonas.aeruginosa, Proteus.vulgaris, Proteus.mirabilis, Pantoea.agglomerans, Pseudomonas.alcaligenes, Serratia
odorifera and Serratia fonticola. While, five species of Gram positive bacterial isolates were observed. In this research
work, scientific results showed that cement dust can reduce the richness and diversity of soil bacteria which will cause the
changes in the agrochemical and other properties of the soil. As a result, the cement industry adversely affected the
vegetative development of the agricultural plants grown on it, disrupting the growing season and photosynthesis processes
and resulting in reduced yields. Therefore, there is a need to take appropriate action for pollution control and prevention

strategies in the cement plant.
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. INTRODUCTION

Soil is the outer loose materials of the earth surface; it is
made as a result of rock weathering. It is rich in organic
matter and so it provides a tremendous food for the growth
of many organisms including bacteria, algae, fungi,
actinomycetes and protozoa. In ecology, soil is an active
habitat especially for biological interactions [1]. It is
composed of five major components: mineral matter,
water, air, organic matter and living organisms. The
amount of these ingredients is not the same in all soils, it
varies from locality to locality. The soil is packed of
microorganisms, but their abundance and diversity can be
reduced by inorganic matter content. This is because
inorganic matter impacts nutrient availability, aeration, and
water retention [1]. Many microorganisms contribute to
soil fertility and man depends on soil for cultivation.
However, bacteria are the most profuse and beneficial
when compared with other soil microorganisms [2]. The
most common soil bacteria belong to the genera
Pseudomonas, Arthrobacter, Clostridium, Achromobacter,
Sarcina, Enterobacter. Another group of bacteria common
in soils is the Myxobacteria belonging to the genera
Micrococcus, Chondrococcus, Archangium, Polyangium,
Cyptophaga [3]. Bacteria brings a number of changes and
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biochemical transformations in the soil and thereby
directly or indirectly help in the nutrition of higher plants
growing in the soil [1,4]. Soil bacteria play vital roles in
some processes which include; decomposition of cellulose
and other carbohydrates, ammonification (proteins
ammonia), nitrification (ammonia-nitrites-nitrates), and
denitrification (release of free elemental nitrogen),
biological fixation of atmospheric nitrogen (symbiotic and
non-symbiotic) oxidation and reduction of sulphur and iron
compounds, all these processes play a substantial role in
plant nutrition [3]. Soil microorganisms can rescind
pollutants, but pollutants can also abolish the microbial
succession or inhibit some varieties of microorganisms.
Pollutants can also promote the growth of some destructive
microorganisms, and these often lead to development of
resistance of the soil ecosystem as a whole [5]. The
production of cement is associated with the release of dust
into the environment which subsequently settles on soils
[6]. Today, the world's environment, especially soils, is
becoming more and more polluted by various industries. In
specific, during the process of industrial waste, the
discovery of natural deposits, the production of
construction materials and their use in the national
economy, there is a deterioration of agricultural lands and
changes in a number of soil properties [7,8]. Cement is the
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most widely used raw material in the construction industry
worldwide [9]. Historically, the demand for cement in
many countries has developed in direct relation to
economic growth. As a result of the increase in the world's
population, the construction of industries aimed at meeting
the demand for housing and daily needs has developed
rapidly. This led to the stepping up of cement production,
which is the main material in construction. Today, many
developing countries are concentrating on the rapid
expansion of the cement industry in order to develop
infrastructure [7,10]. Globally, various injurious elements
are released as a result of industrial pollution. Gas and dust
generated by the cement industry are the key
environmental pollutants [11,12,13]. 87-91% of the
substances released into the atmosphere during cement
production are released into the environment in the form of
9-13% gas in the form of dust [14,15,11]. The direct
effects of cement dust pollution are alkalization of the
ecosystem and the amendment of the soil chemical
composition and though some of the heavy metals in
cement dust like copper, zinc, manganese and iron are
important for the growth of microorganism, however when
in excess they become lethal to the microorganism [16,17].
The key harmful effects on the environment as a result of
the cement industry is the impact of cement dust, which
emits high doses of fluorine, sulfuric acid, hydrochloric
acid, lead, zinc, copper and manganese [9]. Dust generated
during cement production is dispersed by wind for short
and long distances, depending on its size [18].

Il. RELATED WORK

Evaluation of brick kiln operation impact on soil microbial
biomass and enzyme activity by Nasrin Chowdhury.
Keeping in view, the pollution and Dust from cement
industries causes the accumulation of emitted metals in soil
which may have effects on composition and physiological
processes of microbial properties leading to a reduction in
microbial population and which leads to degradation of
soil quality and fertility. With this view, our present
investigation was initiated to evaluate the impact of cement
dust pollution on the diversity of soil bacteria and fertility,
around a cement plant. This research was carried out as an
awareness to take, appropriate action for pollution control
and prevention strategies in the cement plant.

1. METHODOLOGY

Collection of Samples

Soil samples were collected from two different locations
around the cement plant of Ras Al Khaimah, United Arab
Emirates in the month of January 2022. A sample was
collected next to the cement industry’s fence (Site A)
which was covered with cement dust and the other was
about 12 km away from the factory (Site B). At both
locations, samples were collected from top soil and below
the surface soil, about 10-20 cm. The samples were
collected in clean polythene bags and then transported to
the laboratory for analysis.
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Soil Preparation and
spread plate

Inoculation for Bacteria by

The soil samples were sieved to remove large pieces of
debris and particles. Serial dilutions were carried out by
measuring 1g soil from each sample with a sterile spatula
into a four 100 ml flask under normal atmospheric
condition. Thereafter, 10 ml of sterile water was introduced
into each flask and the soil suspension was stirred gently to
obtain a homogenized solution. Nine millilitres (9 mL) of
sterile distilled water was later measured into 10 labelled
test tubes in a test tube rack. Afterward, 1ml was measured
from the stock solution and dispensed into the first test
tube labelled “1”. From the first test tube, 1ml was
introduced into the second test tube labelled “2”, and
continuously up to the last test tube label “10”. The
samples were cultured by using spread plate method. 100
pL of each dilution of the series was spread on petri-dishes
containing Nutrient agar, pH 7.2. Then inoculated Petri
plates were incubated at 37°C for 24-hrs. After the
incubation, the average colony forming units (CFU) per
gram of soil from three different plates were calculated.

Isolation and Identification of Bacteria

The visible colonies on the plates were counted and
recorded. Number of organisms were determined using the
following formula:

To obtain pure cultures, colonies of bacteria which varied
in shaped and colour were picked up and purified by
streaking on fresh nutrient agar and incubated at 37°C for
24 hrs. The bacterial isolates were identified by Gram
staining and other characteristics on the basis of
classification schemes published in Bergey’s Manual of
Systematic Bacteriology [19].

Biochemical Characterization of Microorganisms
Isolated Bacteria were characterized using Rapid
biochemical identification test kit (Himedia, Itd) which
included Citrate Utilization, Lysine, Ornithine, Urease,
TDA, Nitrate reduction, H2S production, Glucose,
Adonitol, Lactose, Arabinose, Sorbitol.

Statistical analysis

The tests were performed in triplicates. Data are expressed
as mean. Pair wise comparisons were performed.
Experimental error was determined for triplicate and
expressed as standard deviation (SD).

IV. RESULTS AND DISCUSSION

Soil Physiochemical Properties

According to the present research findings, the collected
soil samples showed pH changes at varying distances and
at varying depths 10 — 20 cm is shown in Table 1. This is
because of the effect of cement dust emitted from Cement
Industry. The soil pH at varying distances and depths were
mildly acidic with no statistical significance at (P > 0.05).
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Table 1: pH value of different locations from the cement factory. Hi+ | +] + + + | + | #| + | +| Enterobacter.aer

Sites A (Next to fence of cement factory), Site B- 12 km away e 1 T EZEEZZmonas -
from cement factory aligenes i

SNo. | Sample pH

1. Site A (surface soil) 6.13+0.03 A- E Site A (Surface soil), F- 1 Site A (10-20cm below surface soil)

2. Site A (10-20cm below surface soil) | 6.33+0.02 + = Positive (more than 90%), - = Negative (more than 90%), v =11-

3 Site B (surface soil) 6.47+0.12 89% positive, nd =No data available

4 Site B (10-20cm below surface soil) 6.62+0.03

Bacterial load in soil samples

As shown in Table 2, the highest bacterial load was
observed in the Site B (Surface soil) with 128.00 x 104
while the least was observed in Site A (Site A 10-20cm
below surface soil) with bacterial load of 52.00 x 104. The
result showed significant difference among the means of
all the isolates.

Table 2: Bacterial count in soil samples

SNo. | Sample Mean CFU/gm (x
10%

1. Site A (surface soil) 81+14.00

2. Site A (10-20cm below surface soil) | 52+3.24

3. Site B (surface soil) 128+12.23

4. Site B (10-20cm below surface soil) | 109+14.05

Biochemical Characterization of Isolated Bacteria from
Cement Dust Polluted Soil from Site A

Table 3 presents the result of biochemical characterization
of isolated bacteria from cement dust polluted soil Site A.
Citrobacter.amalonaticus, Kleibsella. oxytoca, Proteus.
mirabilis, Enterobacter. cloacae, Pseudomonas. aeruginosa,
were observed and characterized biochemically from
surface soil of Site A while Proteus. vulgaris, Serratia.
fonticola, Enterobacter. aerogenes and Pseudomonas.
alcaligenes were isolated and biochemically characterized
below 10-20cm surface soil of Site A.

Table 3: Results of Biochemical analysis of soil samples from

Site A
S{C |L|{O|U[T|N|[H|G|A]|L|A/|S]| Identified
a | it ylr|r| DJ|it 2| u | d a| ra [ o| Microorganism
mfira|s|n|le|A|lra]|S]|c o c| bi |[r
plt |[i|ila te o} ni [t|n b
I {U |[n|[t]s re [ plse|to|o]|o i
e|til [e|h]|e d r | s|se |t
iz i u (o] e o}
at n ct | d |
io e io [ u
n n c
t
i
s}
n
Al v +| v + -+ - v + + | Citrobacter
amalonaticus
B| + + + + + + +| + + | Kleibsella.
oxytoca
C|v |+ |+ +| + - - Proteus.mirabilis
D| + +| v + + v + | + + | Enterobacter.cloa
cae
E| + \Y + + n - Pseudomonas.aer
d uginosa
Flv S I T S B I S - Proteus.vulgaris
G| + +| +| v + + + +| + + | Serratia fonticola
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Biochemical Characterization of Isolated Bacteria from
Cement Dust Polluted Soil from Site B

Table 4: Results of Biochemical analysis of soil samples from

Site B
S| Ci LI O[U|T|[N|H|[G| A|L| A| S| Identified
a| tra y|r r D i 2|1 d|a|r o | Microorganism
m| te S n e Alt S u 0o c a r
p| Ut i i a r c n|t b|b
1] ili n|t]s a|p|of|i|ofi]i
e | zat e h e t r S t S n t
io i e ol e o] e o| o
n n r d | s |
e e |u e
d c
u t
c i
t (o]
i n
o
n
Al v + | v + + | + | + | + | + | Klebsiella.terrigen
a
B| v R Rl Kl E Proteus.mirabilis
cl + v]-|+]+ + + Pantoea.agglomera
ns
D| + + | + + + | v | v | + [ + | Serratia odorifera
E| v + | v + + v | + | + | Citrobacter
amalonaticus
Fl + + + + + + + + + Enterobacter.aerog
enes
G| v R Proteus.vulgaris
H| + - - v | - + | - + 1 n| - - - Pseudomonas.aeru
d ginosa
| + B v | - + | - + | v | + | + | + | Enterobacter.cloac
ae

A- E Site B (Surface soil) , F-I Site B (10-20cm below surface soil)
+ = Positive (more than 90%), - = Negative (more than 90%), v =11-
89% positive, nd =No data available

Table 4 presents the result of biochemical characterization
of isolated bacteria from cement dust polluted soil Site B.
Klebsiella. terrigena, Proteus. mirabilis, Pantoea.
agglomerans, Serratia odorifera, Citrobacter amalonaticus
were observed and characterized biochemically from
surface soil of Site B while Enterobacter. aerogenes,
Proteus. vulgaris, Pseudomonas. aeruginosa, Enterobacter.
cloacae were isolated and biochemically characterized
below 10-20cm surface soil of Site B.

Discussion

Pollution of the environment with cement dust causes all
parts of the ecosystem to become alkaline [7]. In this
probe, we have conducted research and proved that
pollutants formed as a result of cement production increase
the alkalinity of the soil ecosystem and affect the electronic
conductivity, pH and physicochemical properties of soil
[10]. Contaminants can cause adverse effects on all
organisms and reduce their chances of survival or success.
The low bacteria populations and diversity observed in the
contaminated soils showed that cement dust is toxic to
bacteria. Urmanova et al 2021 [20], have reported similar
results that pollutants in the form of dust have adverse
effect on the activity of soil microorganisms, affecting the
biogeochemical cycle of nutrients in the soil. Cement
industry pollutants reduce the microbial population and
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soil biomass in the soil composition [12]. Some earlier
studies have also reported high mortality in both plants and
animals exposed to cement dust. Toxic elements released
by the burning process of cement have been implicated in a
lot of health problems and deaths [21]. It was observed that
the control soils (soils free of cement dust) have higher
bacterial load than those from cement dust populated area,
this finding is similar with Stanley et al, 2014 [22];
Kulandaivel et al, 2015 [23], who reported increase in
microbial diversity and population as sample collections
were moved away from the factory site. The high bacteria
densities at the soil surface compared with soils below the
surface is in agreement with the findings of Maier et al,
2004 [24]. This could be because more nutrients and
favourable conditions are at the soil surface than beneath.
It could also be explained that more bacteria would
aggregate at the surface, close to plant roots where they
would be involved in materials decomposition, aeration,
and nutrients cycling, to improve soil fertility. Fierer at al,
2003 [25] stated that soil microorganism’s densities reduce
as they dug progressively deep in to the soil. They said this
could be because the quality and quantity of carbon
substrate (organic matter) reduces as we go deep in the
soil. Surface soil is rich in carbon substrates from the input
of root exudates, surface litters and root detritus. The
bacterial isolates identified in this study were mostly
Gram-negative bacteria which were often found in control
soils, and our results are similar with Trojanovska et
al,1997 [26] and Brim et al, 1999 [27]. The diversity of
Enterobacter species in this study is high in non-
contaminated soil compared with the contaminated soil.
However, the diversity of Pseudomonas species, and
Klebsiella oxytoca were high in the contaminated soil
compared with the non-contaminated soil. Similar trend
was also observed in the data obtained by Meitz et al, 1983
[28]. This observation is because species survival in the
soil is control by many factors other than the presence of
contaminants. Laukova et al, 2002 [29] and Malik et al,
2002 [30] reported that the effect of cement dust on the
diversity of soil bacteria cannot be generalized, but instead
is dependent on the bacterial genera, and the species.
Microbial survival in polluted soils depends on intrinsic
biochemical and structural properties, physiological, and
genetic adaptation.

V. CONCLUSION AND FUTURE SCOPE

Dust and gases are the key sources of pollution of soil as a
result of the production of cement products. The chemical
and physical properties of the soil altered under the
influence of pollution. Cement dust pollution caused the
change in soil pH, fertility. This research has revealed that
there are less bacteria in the soil contaminated with cement
dust compared with noncontaminated soil. Bacterial
populations were also found more abundant on the surface
of non-contaminated soil. Cement dust may reduce soil
fertility, antimicrobial activity which leading to poor
agricultural outputs and loss of plants nutrients. Therefore,
pollution prevention and control strategies must be laid in
place of cement factories. Further research should be
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carried out by the use of molecular techniques to investigate
the change in microbial diversity in contaminated soils.
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REFERENCES

[1] Sundararaj, D. Microbiology of soil. Microbiology, 3th Edition.
Tata McGraw-Hill Publishing Company Limited, Mumbai,
2004.

[2] Anthoniraj, S. Microbiology of soil. Microbiology, 3th Edition.
Tata McGraw-Hill Publishing Company Limited, Mumbai
2004.

[3] Pelczar, M. J., Chan, E.C.S., Krieg, Noel, R. Microbiology of
soil. Microbiology, 5th Edition. Tata McGraw-Hill Publishing
Company Limited, New Delhi 2003.

[4] Muthakaruppan, P. Microbiology of soil. Microbiology, 3th
Edition. Tata McGraw-Hill Publishing Company Limited,
Mumbai, 2004.

[5] Carreto, L., E. Moore, M. F., Nobre, R. Wait, P. W., Riley, R. J.
Sharp, and M. S. da Costa.. Rubrobacterxylanophilus sp. nov., a
new thermophilic species isolated from a thermally polluted
effluent. Int. J. Syst. Bacteriol. 46: 460-465, 1996.

[6] Addo, M. A., Darko, E. O., Gordon, C., Nyarko, B. J. B.
Contamination of soils and loss of productivity of cowpea
(Vigna unguiculata) caused by cement dust pollution.
International Journal of Research in Chemistry and
Environment. 3(1): 272-282, 2013.

[7]1 Aslanov 1., Khasanov S, Khudaybergenov.Y., Groll,Ch M..
Opp, F. Li, E. R. Del Valle, E3S Web Conference, 227, 02005,
2021.

[8] Sabitova N., Ruzikulova O., and Aslanov I. E3S Web
Conference, 227, 03003, 2021.

[9] Savenko V.S., Kulmatov R.A. Geochemistry International,
35(11), 1028-1030, 1997.

[10] Kulmatov R., Mirzaev J., Taylakov A., Abuduwaili J., Karimov
B. Environmental Earth Sciences, 80(3), 122, 2021.

[11] Pedersen M. Zari. Int. J. Sustain. Built Environ., 4, 1248, 2014.

[12] Bannari A., Musa M.H., Abuelgasim N., El-Battay A. IEEE
Journal of Selected Topics in Applied Earth Observations and
Remote Sensing., 13, 2434-2450, 2020.

[13] Alkhaier F., African Journal of Enviromental Science and
technology, 4, 7-20, 2003.

[14] Batty M., Dodge M., Jiang B., and Smith A. Environ. Syst. Res.,
8, 26154, 1998.

[15] Vittek M., Brink A., Donnay F., Simonetti D., Desclée B.
Remote Sens., 6,26981, 2014.

[16] Mlitan, A. B., Alrayes, H. M., Alremally, A. M., Almedaham,
A. M. Oaen, S. O., Alderwish, M. N. Toxicity of heavy metals
and microbial analysis of souil samples collected from the area
around Zliten cement Factory. Open Journal of Air Pollution. 2:
25-28.,2013.

[17] Laj, P., Sellegri, K. Les aerosols atmosphériques: impacts
locaux, effets globaux. Revue francaise des Laboratoires. 349:
23-34, 2003.

[18] Leng P., Zhang Q., F. Li, Kulmatov R., Wang G., Qiao Y.,
Wang J., Peng Y., TianC , N. zZhu, Hirwa H., Khasanov S.,.
Environmental Pollution, 284, 117405, 2021.

[19] Krieg, N. R. and Holt, J. G. Bergey’s Manual of systematic
Bacteriology, Vol. 1. Williams 8. Wilkins Co., Baltimore, pp
161-172, 1984.



Int. J. Sci. Res. in Multidisciplinary Studies

[20] Urmanova M., Kuziev A., Burkhanova D., Kadirova D.,
Namozov N., Shadieva N. E3S Web of Conferences, 244,
02036, 2021.

[21] Yahaya T., Okpuzor, J. and Adedayo, F. Investigation of
General Effects of Cement Dust to Clear the Controversy
Surrounding Its Toxicity. Asian Journal of Scientific Research,
4:315-325, 2011.

[22] Stanley, H. O., Odu, N. N., Immanuel, O. M. Impact of cement
dust pollution on physic-chemical and microbiological
properties of soil around Larfarge Cement WAPCO, Ewekoro,
Southwestern Nigeria. International Journal of Advanced
Biological Research. 4(4): 404-404. ,2014.

[23] Kulandaivel, S., Nagarajan, S., Priyanga, A., Saravanapandian,
R. and Thangarani, A. Effect of Cement Dust Pollution on
Microbial Properties and Alkaline Phosphatase Enzyme Activity
in Soil. International Journal of Microbiology and Applied
Science. 4(2): 641-646, 2015.

[24] Maier, R. M., Drees, K. P., Neilson, J. W., Henderson, D. A.,
Quade, J., Betancourt, J. L., Navarro- Gonzalez. R., Rainey, F
A. and McKay, C. P. Microbial life in the Atacama Desert.
Science. 306: 1289-1290, 2004.

[25] Fierer, N. Schimel, J. P., Holden, P. A. Variations in microbial
community composition through two soil depth profiles. Soil
Biology and Biochemistry. 35: 167-176, 2003.

[26] Trojanovska, S., Brotz, M. L. and Bhave, M. Detection of heavy
metal ion resistance genes inGram-positive and Gram-negative
bacteria isolated from a lead-contaminated site. Biodegradation.
8:113-124, 1997.

[27] Brim, H., Heuer, H., Krogerrecklenfort, E., Mergeay, M. and
Smalla, K. Characterization of the bacterialcommunity of a
zinc-polluted soil. Journal of Microbiology. 45: 326-338, 1999.

[28] Meitz, J. A. and Sjorgen, R. E. Incidence of plasmid linked
antibiotic and heavy metal resistant enterics in water sediment
from agricultural and harbor sites. Water Air and Soil Pollution.
20: 147-159, 1983.

[29] Laukova, A., Marekova, M., Vasilkova, Z., Papajova, I. and
Juris, P. Selected microbial consortium of raw and digested
slurry and its susceptibility to enterocins. World Journal of
Microbiology and Biotechnology. 18: 11-15, 2002.

[30] Malik, A., Khan, I. F. and Aleem, A. Plasmid incidence in
bacteria from agricultural and industrial soils. World Journal of
Microbiology and Biotechnology. 18: 827-833, 2002.

© 2022, IJSRMS All Rights Reserved

Vol.8, Issue.6, Jun 2022

AUTHORS PROFILE

Dr. Vibha Bhardwaj is presently
working as the Director
Environment Laboratories in Ras
Al Khaimah Municipality,
Government of United Arab
Emirates with 14+ years of working
experience, has  published 50
research papers in peer reviewed it
International journals, published chapters in Internatlonal
Books, received many fellowships (DAAD, ICGEB
postdoc, PG fellowship, SMART, Arthuro Falaschi) &
grants/funds from International organizations. She has
received 20 different awards (Women's pride, Pandit Sita
Ram Shastri, OJASWANI, Pandit Nekiram Sharma
Award) from Government of India. She had been invited
as Chief Guest in many universities, colleges and schools.
Active member of Senado de Ila Argentina-
International Parliament since 2017. Editorial Board
member, Technical reviewer, Editor, Associate Editor of
International Journals. Received Gold medal from UNES
for her achievement and work in Science and Technology.
Her research interests include: effect of pesticides and
industrial chemicals on marine environment, enzymology,
microbiology, mycology, toxicology (pharmaceutical
properties of different medicinal plants; extraction and
purification of protein from algae, biofuel production from
waste, estimation and isolation of enzymes from the waste
of fruits and vegetables and their applications in industries,
utilizing waste of paper and leather industries for biofuel
production, wastewater treatment by using microorganisms
and enzymes, toxic effects of industrial waste on algae).




