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Abstract

The aim of this paper is to illuminate the impacts of cement production emissions on the environment. Various research
work has shown that countries in sub-Saharan Africa, suffer the most from environmental pollution especially air pol-
lution. One of such contributing factors is the behavioural pattern of workers and traders living close to production
plants. Significantly also, data are not available in this region. The need for cement as well as the presence of local raw
materials, coupled with the need for local content has resulted in an increase in the number of cement plants. Areas
within and around the cement plant are exposed to various air pollutants. These pollutants affect the life and wellbeing
of workers, children and people in close communities as well as the flora and fauna. Diseases such as chronic obstruc-
tive pulmonary, silicosis, preterm delivery, psychasthenia, endocrine disruption, cancer and infertility are associated
with these pollutants. This paper describes the impacts of these pollutants on human’s health and plant’s growth as
well as where studies should focus on in the future. Various high impact papers were selected and cogent findings as it
affects different classes of people were discussed in this paper. It is recommended that more data collection, pollutant
characterization, risk assessment and dispersion analysis should be carried out in developing countries. More research
should be undertaken to determine the impact of alternative fuel and the effectiveness of dust control technologies
used in various cement plants.
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1 Introduction global pollution and cement
contribution

pollution index are Africa, South America and Asia. This is
due to an increase in industrialisation and urbanisation,
fuel sources and bush burning, little or reduced regula-

Data released by the World Health Organization (WHO) in
2018, showed that 9 in 10 people inhaled air that contains
high levels of pollutants above the safe limit defined by the
WHO. It has been established that globally, about 7 million
people die annually from polluted air related issues. The
impacts are critical in Asia and Africa, where 90% of the
air pollution related deaths have been recorded. Pollu-
tion index obtained from Numbeo, showed that Asia has
a high pollution index while only a few countries in Africa
have enough data for these analyses. Countries in both
regions where data are available showed pollution index
from average to maximum. Regions with above average

tion and enforcement [1]. The effects of this high pollution
index across different regions were documented by WHO.
Ischaemic heart disease is the highest recorded effect of
pollution on human health as at the year 2018.

Globally, different pollutants are responsible for these
diseases. This problem is not only in urban or industrial-
ised area, as observed in Africa. In Africa, household pol-
lution from cooking and burning of fossil fuel even in rural
areas contributes to this issue. Different sectors and pro-
cesses contribute to the emission of different air pollut-
ants, and their contribution varies from region to region
and therefore, country to country. Different pollutants
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are responsible for air pollution but the most common
include, particulate matter (PM), oxides of nitrogen (NOy),
carbon monoxide (CO), sulfur dioxide (SO,) and volatile
organic compounds. The European Environment Agency
reported that commercial, institutional and household
activities contribute the highest for PM,, emission, fol-
lowed by industrial emission. PM, 5 is released majorly
from commercial, institutional and household, followed
by road transport and industrial processes in the year 2013
as showed in Fig. 1.

One major source of pollution is industrial processes
and consequently, one of such industrial processes
includes the cement production. A single cement plant
emits a large amount of pollutants into the atmosphere.
Furthermore, an increase in production output or change
in fuel type and usage as well as dust control technology
affects the volume and concentration of contaminant
released. Several studies and reports have recognized
cement production as the biggest source of PM emission
accounting for 20-30% which is 40% of the total industrial
emission [2, 3].

Global increase in urbanisation has led to an upsurge in
cement demand [4]. The need for local content, availabil-
ity of raw materials and local demand has resulted in the
establishment of more cement plants [5-7]. Globally, it was
estimated that 2.18 billion tonnes of cement was produced
in 2012 [8] while 4.3 billion tonnes of cement were pro-
duced in 2014 [4]. Several works and reports have credited
China as the leading manufacturer of cement, accounting
for 59.31% of the total cement produced worldwide [9,
10]. Corporate records from Nigeria have indicated that
cement production increased from 28 million tonnes by
2013, to 30.75 million tonnes in recent years [11].

Fig. 1 PM pollution source in 100%

The most exploited topic relating to cement production
is its greenhouse gas (GHG) emission, which accounts for
about 5-7% of global anthropogenic Carbon dioxide (CO,)
emission [12-14]. The contribution of this industry to CO,
production and proposed mitigation processes have been
well detailed [15-18]. The amount of CO, emitted by the
cement industry is based on the demand for cement, kiln
type, fuel used, efficiency of energy utilization as well as
clinker to cement ratio.

Different articles have reported that CO, emission from
cement plants is not the only pollutant discharged into
the atmosphere. In China, 4% of SO,, 15-30% of PM and
10% of NOy released into the atmosphere annually were
generated by the cement industry [16]. In addition, 0.89,
1.69 and 3.58 million tonnes of SO,, NOy and PM were dis-
charged in the atmosphere in China alone in 2009 [10].
While in 2012, 1.09, 1.98 and 0.67 million tonnes of SO,
NO, and PM respectively were emitted in China alone [8].
Different studies mentioned that for every 1380 Million
tonnes of C0, emitted, 410, 1.3 and 2.27 million tonnes
of PM, SO, and NOy respectively were also released [19].
Through raw materials and fuel used during production,
1.17-1.53 tons of mercury were emitted annually account-
ing for 10% the total mercury released globally [20, 21].

Presently, due to effective pollution management, emis-
sions from cement plants are reduced. However, as cement
production increase, even with reduced emission per plant
or ton of cement produced, emissions would increase. A
similar trend has been observed in various countries at
different time frames. In China, through effective man-
agement, such as kiln type changes, and reduced cement
production, reduced SO, emission was recorded between
the year 2004 and 2012. A historical trend of pollution
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from cement plant in China from 1980 to 2012 shows that
as China production increased exponentially, pollution
increased, heavy metal emitted each year also amplified
[3,22] asiillustrated in Fig. 2.

Dust emanates from different processes such as raw
material handling, limestone crushing, kiln processing,
clinker production and storage, finished cement grinding
and power utilities [14, 23]. Different models and model-
ling tools such as fugitive dust model (FDM) and AERMOD
View emission dispersion modelling, have been used to
examine pollution effects on neighbouring communities
[23]. Modelling of air pollution or quality in developing
countries such as Nigeria is limited [24]. Effective and
unbiased monitoring of air quality around factories such
as cement manufacturing plants is carried out by a hand-
ful of researchers in developing countries. Complaints of
people or perceived health implications had necessitated
such studies.

Different studies reported that residents around cement
plants complained about air pollution [25-27]. In most
cases, the thick layer of dust on parked cars or on roadways
as well as befouled atmosphere created chaos and pub-
lic outcry among residents near the plant. In most cases,
these residents are unaware of the dangers associated
with cement dust in their environment. These residents
are continuously exposed to different pollutants of which
they lack a basic understanding. Various researchers have
worked on the environmental impact of cement plants
built within residential communities or residential com-
munities built so close to cement plants. Their findings
have not been limited to the effects on human beings but
also included the effects on plants and in a few cases, on
the aquatic environment.

In these communities, children are the most vulner-
able [28]. After which we have men and lastly females.
There is a need to highlight various research works on

Fig. 2 Increase in heavy metal 1200
pollution as cement produc-
tion increased [3] 1000
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the environmental impact of cement plant pollution. This
paper will discuss the various types of pollutants, pollutant
emission sources, effects on humans and plants.

2 Methods

Even though cement pollutants and impacts are being
established, the level of effects on human health in devel-
oping countries is still unknown. Most observed effects
of pollution from the cement industry on the environ-
ment are from developed countries. This review, gener-
ally examines the effects from regions where substantial
data is available and studies have been well carried out in
order to understand what studies need to be carried out
in developing countries. With a focus on the health effects
on humans, scientific articles from a systematic search
with search phrases such as cement plant exposures, non-
occupational exposure to cement plant, pollutant disper-
sion from a cement plant was carried out. Different search
database were explored, especially Web of Science, Scien-
cedirect and Google scholar. More research articles were
identified by screening the citation and references of the
papers obtained from the search results. Studies indicating
risk of bias, inconsistency, imprecision and unclear meth-
odology, indirectness, and uncollaborated conclusions
were not included in this review. Data such as the general
information: title, authors, country where the study was
performed, study period and year of publication were
collected. Also, the study design used such as ecological,
case-control, cross-sectional, cohort, and time-series were
collected. The number of subjects, their age distribution,
spatial data, gender and findings was also gathered. The
prevalence and, odds ratio (OR), incidence rate, rate ratio
(RR), standardized mortality ratio (SMR), standardized inci-
dence ratio (SIR) and standardized density ratio (SDR) and
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their 95% confidence intervals (95% Cls) were all recorded.
Three ecological studies, three retrospective cohort stud-
ies, two case control studies and two cross sectional stud-
ies were considered. The keywords for this review article
are Cement plant; Air pollution; Environmental impact;
Cement plant exposure (Fig. 3).

3 Pollutants, sources and classification

Various research has shown that at different stages of
cement production, there is release of dust [23, 29]. The
nature and amount of the raw materials as well as the
topography, and weather conditions affect the concen-
tration of the dust and dispersal patterns. Also, extensive
work has shown that this dust does affect the health of
people living around the cement plant. Air quality of areas
within and around the plant are always affected [30-35].

Air pollutants from cement plants include PM, NO,, CO,
SO, and volatile organic compounds, O;, H,S, (PCDD/Fs)
and (PCBs) [36-42]. CO and Hydrocarbons is from incom-
plete combustion [4, 43] while NOy is released during fuel
combustion. SO, is generated from raw materials used in
cement production and from fuel sources [4, 14, 44]. The
type of kiln used in a cement plant affects the amount
of SO, absorbed during production or emitted into the
atmosphere [3]. SO, is oxided after emission to SO;, where
it is either absorbed by moist in the atmosphere, to form
sulfate aerosols or acidified on surface water and soil [22].

The PM released from cement plants range from 0.05 to
10 um in diameter [45]. Their particles sizes ranges from
micrometre to nanometres [2, 46-48]. Different research-
ers have reported that the particle size plays a role on the
effects that different PM sizes have. PM, s is reported to
be responsible for a lot of human health issues than other
PM sizes [49, 50]. PM sizes ranging from 10 to 2.5 um are
accumulated in the upper part of the respiratory system
while smaller PM goes deeper into the lung system and
the blood stream.

Apart from the sizes, PM contain several components
such as mineral matter, sea spray, organic matter and
elemental carbon, secondary inorganic aerosols, trace
elements and unknown elements or compounds. Several
heavy metals such as Arsenic (As), Cadmium (Cd), Chro-
mium (Cr), Nickel (Ni), Zinc (Zn) and Lead (Pb) are among
its trace element. Depending on exposure, concentration
and individual sensitive, they can either be harmless or
harmful [2]. Their forms could vary from salts to oxides
to gaseous form to complex particles, with their toxicity
depending on their chemical speciation.

A typical PM consists of the components listed above
but the composition varies depending on various factors
such as PM size, seasonal variation, the raw material com-
bination, fuel used and traffic condition or other industrial
activity surrounding the plant. These variation affects the
PM size, concentration and composition [2]. The biggest
problem about this characterization is the significant influ-
ence of traffic (vehicular emissions). To identify traffic influ-
ence, there is a need to take reading when only traffic PM
can be recorded, and subtracted from PM reading when
the cement plant influence is measured. But still, results
will just be estimates as different conditions leading to PM
emitted can vary on a day to day basis and even minutes
basis. A comparison between when the cement is opera-
tional and not (work days and weekend) shows cement
plants significantly influence trace element concentra-
tion. ‘Clean’ PM characterization has shown that certain
trace elements can be traced to certain type of sources,
such as Cobalt Co, Chromium (Cr), Manganese (Mn), and
Antimony (Sb) to traffic, and Aluminum (Al), Calcuim (Ca),
Nickel (Ni) and Vanadium (V) to cement plant. There varia-
tion or constant variation helps to estimate various effects
[51]. Particle size distribution of the raw materials shows
the primary source of this PM. Raw materials such as fly
ash, coal + coke have large portion of particulates rang-
ing from PM, ; to PM,,. The elemental compositions of the
particles are dependent on the raw materials as well as the
alternative fuel used.

Fig.3 Flow .diagram of the Search Paper identified through Web of science, Sciencedirect
study selection process and Google scholar searching using keyword such as cement
plant exposures, non-occupational exposure to cement plant,
pollutant dispersion from a cement plant.
|
v
Screening The whole article was accessed for eligibility. Articles Papers excluded based on
less than 25 years were considered. — language, inadequate
i study design, bias,
inconsistency, imprecision
Eligibility Articles included are based on the methods of and unclear methodology,
and outcome detection, frequency and association indirectness, and
selection measures. uncollaborated conclusions

SN Applied Sciences

A SPRINGER NATURE journal



SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

Review Paper

The absence or presence of dust control technology
also affects the PM emitted. When dust control technology
is not in use, 24 and 7% of the released PM are less than 10
and 2.5 pm respectively for wet process kiln. While in dry
process kiln, 42 and 18% of the PM are less than 10 and
2.5 um respectively. The application of dust control sys-
tem results in 85% of the particle released less than 10 pm
in diameter for both wet and dry process. However, the
use of bag houses in the dry process, results in 45% of the
escaped particles to be less than 2.5 um. Use of bag filter
among others has successfully reduced PM emitted as dif-
ferent research has indicated removal efficiency of about
99% [38]. The use of dust control system were observed
by [2,21-51] as showed in Table 1 below to prevent the
emission of up 31-99% of these elements.

Mlakar et al. [52], estimated that at a particular cement
plant in western part of Slovenia, injected 27 kg of mer-
cury into its system during a production year through
mostly the raw material (16.1 kg/yr), and fuel account-
ing for 10.9 kg/yr in 2006. As the production capacity is
increased or more plants are built, the use of more raw
materials and coal as fuel would increase the amount emit-
ted each year. This trend has being observed in China, as
an increase in production has led to an increase in the
amount of mercury emitted [21]. The utilization of various
materials during production such as sludge at percentages
higher the 15% affects the composition of the PM [53]. The
use of materials such as waste oil, sewage sludge, tyre and

refuse derived fuel could increase the level of heavy metals
released to the atmosphere. Naturally, the raw materials
used in production of cement process different levels of
various elements, but the addition of alternative fuel sig-
nificantly increased the amount.

The use of tyre as supplementary fuel has resulted in
the release of class | and Il metals. Such metal recorded
include N, Pb, Zn. However, several studies have docu-
mented scenarios where the emission of heavy metals
with alternative fuels has no significant impact. In such
scenarios, the fuel replacement ratio, waste preparation,
reducing or oxidising atmosphere and feeding point, is
pivot. Some scenarios have favoured some metal com-
pared to other metals. Different alternative fuels have
different mix ratio with traditional fuel, in most cases the
composition of the alternative raw material will determine
its application and transfer factor [54]. However, although
the input of metal elements are increased though this
alternative fuel source (as shown in Table 2), the consen-
sus remains that the increase are still not significant [38].
With a good mix ratio achieved on a plant to plant basis,
depending on the type of fuel waste available within the
plant environ, the use of alternative fuel leads to reduction
in pollutant emission and natural resources as well as cost
reduction in addition to substantiality [55].

Some of these pollutants are subject to bio-accumula-
tion and undergo long-distance transport. The mechanism
of absorption include digestive route, respiratory route

Table 1 Input rates of heavy

e As(kgh™) Cd(kgh™) Crkgh™) Cu(kgh™) Nitkgh™) Pb(kgh™) Zn(kgh™
metals and emission through
dust control system observed Input  29.99 157 5.7 2,07 8.84 315 11.8
by [38] Emitted 0.02 0.008 0.003 0.001 0.003 0.019 0.007
Table 2 Hgavy metal present RDF Coal Cutting oil Sludge Tyre Coalm-
in alternative fuel sources ine
wastes

Sb Y

Mn Y Y

Hg Y Y Y Y Y

Cd Y Y Y Y

As Y Y

Pb Y Y

Cu Y Y Y Y Y

Cr Y Y Y Y

Zn Y Y Y Y

Co Y Y Y

Ti Y Y Y

Ni Y Y Y

Pb Y Y Y Y
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and pores of skin [5, 41]. There are three classes of HMs
toxicity as showed in the Table 3 based on their toxicity
and harmful effects. Manganese (Mn), strontium (Sr), Lead
(Pb), Titanium (Ti), Vanadium (V) and Zinc (Zn) have been
observed in the raw meal. Other such as Arsenic (As), Lead
(Pb), Manganese (Mn) and Zinc (Zn) are from in coalmine
waste. V is from pet coke and Zn from Scrap tire. High lev-
els of Mercury (Hg) are detected with the use of tires, fly
ash from coal-fired power plant and sewage sludge as sup-
plemental fuel during production as indicated in Table 2
[35, 38]. Different values of Hg have been reported from
various parts of the world. This concentration ranges from
0.001 to 0.062 mg Nm™ [7], estimate that 15 tonnes of Hg
are emitted to the environment yearly in US alone.

From a comparative assessment, higher amounts of
Cu, Mn, Cr and Ni were reported in the US than in Nigeria
[7]. The concentration of Ni measured in US was higher
than the average published value and was twice the value
obtained in Nigeria. Also, Cu, Mn and Cr were 10, 7 and
13.4 times higher than Nigeria cement dust. But the Cad-
mium concentration in Nigeria cement dust is between 9.8
and 11 times the US cement dust while Hg and Pb were
also higher in Nigeria cement dust. Other metals include
Ca, Zn and Fe.

Polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs), also referred to as dioxins are a group of 210
chlorinated organic compounds [56]. According to several
reports such as [57], only seventeen PCDD/Fs congeners
with chlorine substitution in 2, 3, 7, 8 positions are harm-
ful to humans. Reports especially historical inventory such
as [58] put cement plants release of PCDD/Fs to about
10.3% of total emissions. The formations of PCDD/Fs are
dependent on kiln type, feeding fuel, raw material, air pol-
lution control devices and combustion conditions. Multi-
ple researchers have shown that PCDD/F emissions from
alternative fuels are not higher than using conventional
fuel [59].

Table 3 Heavy metal classification

Class | Class Il Class I
Cadmium (Cd) Arsenic (As) Lead (Pb)
Mercury (Hg) Cobalt (Co) Chromium (Cr)
Titanium (Ti) Nickel (Ni) Copper (Cu)
Selenium (Se) Platinum (Pt)
Tellurium (Te) Vanadium (V)
Zinc (Zn) Tin (Sn)
Palladium (Pd)
Antimony (Sb)
Manganese (Mn)
Rhodium (Rh)
SN Applied Sciences
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4 Effects on human

Different studies as listed in Table 4 shows various stud-
ies that have been examined to assess the impact of
cement dust on humans. Different study design such
as cross section, case study, ecologic and retrospective
cohort focused on children, adults and workers were
examined. Association between cement dust and various
types of cancer, mortality, respiratory and cardiovascular
disease were observed.

Several reports have concluded that PCDD/F emis-
sions do not pose a significant threat to humans health
[68]. This does not mean it cannot be, but generally, its
emission is within limits. The possible effects on humans
health include endocrine disruption, and carcinogenic-
ity [36]. The inhalation cancer risk was revealed to be
between 5.0 x 107" and 2.0 x 1078 while that of oral car-
cinogenic risk is between 1.8x 1078 and 7.6 x 1078 [60].
The incremental lifetime risk of cancer for people living
close to a plant will be 0.03. Silica dust causes silicosis
and fatal lung diseases. The presence of chromium com-
pounds in cement dust might lead to cancer [23].

Several researchers have argued that pollutants might
have unknown consequences on the people and the
environment [69]. Their reaction within the human body
could be novel. With various sizes, absorption into the
body might be unpreventable.

Research has also shown that cement dust causes
morbidity, chronic obstructive pulmonary, preterm deliv-
ery, psychasthenia, endocrine disruption, and infertility.
The severity is dependent on the duration of exposure,
concentration and element constituent of the dust, and
individual sensitivity [70-74].

The first victims are usually the factory workers. Sev-
eral studies revealed that factory workers suffered from
respiratory diseases, and it is more prevalent among
the packing section workers [29]. Dermatitis, caused
by hexavalent chromium (Cr") in cement are observed
within the workforce [61]. High level of Cd observed in
the Nigeria cement dust, constitute a high health risk
as its average half-life in a human body is between 4
and 19 years [7]. Long-term exposure might lead to renal
tubular dysfunction. It also affects the respiratory tract
and immune system modulation and reduces the phago-
cytic activity of polymorphonuclear neutrophils (PMN).

Several research works, including Emmanuel and
Alabi [74], indicating a higher risk of chronic kidney dis-
ease and end-stage renal disease. This research reported
showed that cement factory workers have a higher white
blood cell (WBC) and lower red blood cell. This is sug-
gested to be due to the response of the body to irrita-
tion on the body. Also, it might be due to increase in



Review Paper

SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

(8L'L-£80)

LO'L =HIS 323[gns ||y
(¢v'L-28°0)

60°L =HIS W0
(8€'C-250)

LT’ L =4IS :A10jei00RT]
(§5°1-0£0)

90’ L = YIS :@dueuUuIR
(8L'L-2¢L0)

€6'0=4IS :uolldnpoid
(95°1-09°0)

00°L =YIS :Auend

Janued ||e Jos YIS
(L0'1-89°0)

£8°0=Y4INS 323[gns ||y
(SL'1-15°0)

6£°0=4HINS Y0
(6€£7T-€€°0)

€0°'L =HINS :A101R10QET
(LE'1-8%°0) ¥8'0=HINS

:dURUBUIRIN
(90°1-95°0)

9/'0=HINS :uoldNPoid
(89'L-£50)

A1s16ay

70'L =4S :AuenD yies( |euolieN 9duUspdU| (s1algns zy2'0L) s49 (elew |je)
130ued ||y 104 YINS /A1s163y JduUR)  pue A)ljeyow JaduUe)  -}JoM J01dey :aunsodx] e3J0Y  1I0YOod 3Aadsony 110Z  £00Z-8861 [Lo]
(s33[qns
9/6'08) W T <3dU3p
4€0°0 2U0d wnw -1591 ;pasodxaun
-IXew pue ,61°0 2uod (s13fgns
ueaw :dWdY| 419y} sisAjeue Z¥06) ueld Juswad (Ajuo synpe
ul Jadued buidojenap Jnsiuiwilep/Abojo J1usboudied WwioJy Wy Z >90usp ‘1axiom K103o8}
s109(gns Jo JaquinN  -poyIaW dAeIUEND  pue diusbourdied-uoN -1531 :pasodx3 ureds -uou) UOI3235-5501) $00C  8007-L661L [09]
(4Y 10 SYO 10 %) (2dA3 40 3z1S 9|dwies) uon
Aq passaidxa swajqoud uo13>339pP panlasqo uone|ndod pue ubisap  -edignd
y1jeay Jo spulejdwio)  SWO0DINO I0) POYIDN $109)J9 Y}|esH ainsodxg Anunod o A1) JoApnisjoadAl  jouesp pouad Apnis saduaIasRY

paulwexa salpnis { 3|qel

SN Applied Sciences

A SPRINGERNATURE journal



SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

Review Paper

(reL-€0)
6'L =YIS sews}
(5°€-6°0) 'L =HIS
dlew :uappe|q Aleunn
(#'5-9°0) L'L=4IS
alewsy ‘(1'g-1°L)
G'L =YIS 9jew :bun
(£'€-T0)
6'0=4IS oews}
(8'CT-90)7'L=4IS
dleW :WN}d3Y
(L'L-90) 8°0=4IS
ajewsy ‘(¥'1-0°L)
'L =YIS 9jew :swsejd
-03u jueubijew ||y
(1D %S6) =4IS 9jewsay
‘(1D %56) =HIS oW
(0'1-90)
‘80=YWS ‘(L'L-6°0)
‘0"L =HS sasned ||y
(ID %S56) HNS 9ewa)
‘(1D %S6) HINS S
%9
SNSI9A %88 | SWI)
-qoud [e3s|so|nasniy
069 SNSIDA
%G’ L€ :swajqoid |ei0
%1€ SNSISA
%8'1C :swd|qoud |9
%L°€E
SNSIINA 096G/ € [SWI)
-qoud Aio3esidsal somor
%1€ SNSI9A
%€ Gt isixelsida/asou
Aynis ((pasodxaun “sA
pasodxa) aduajenlad

Ansibay
yreaqy/Ansibay 19oued

Spiod3l [edIpaN

swsejdoau
jueubijew ‘Ayjeopn

swa|qo.d
|e19|as0|NdSNW
‘swa|goud |eo ‘swa)
-qoud |9 ‘swisjqoid
Kio0jesidsal Jamo|
‘sixeysida/asou AYms

[(Slewsy zoT'vL

pue sajew 887'67)

s329[qns p6t'sv] SI9
-}40M J0)DR} :2insodx]

Apnis

eluenyi]  10Y0d dA1}Dds0.19Y

(s3a(gns

#9) W G ueyy alow

BuiAl| 19310m A10)oRy
-uou :ainsodxaun

(s329(gns 49) auns

-0dxa sieak g ueyy

2JOW YUM JH}IOM
K1010€4 :2INsodx3

Apnis

eipuj ‘exeleule) }ioyod w>_uumeO\_umm

(4 10 SYO 10 %)
Aq passaidxa swajqo.d
yieay Jo syurejdwod

uolldo939p
SWO0DIN0 J0} POYIB N

paniasqo
SREVIERUETE

(9dAy 40 3z1S 9|dwies)
uone|ndod pue ubisap
10 Apnis jo adA)

2insodx3 A1unod 1o A1

¥00C  000C-8/6L [€9]

€10¢ L10¢-010¢C [9]
uon
-eojgnd

joles)\ pouad Apnis saduIRYRY

(panunuod) ¥ 3|qer

A SPRINGERNATURE journal

SN Applied Sciences



Review Paper

SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

aWodUl ueaW
pue ‘pjoyasnoy Jad
suosiad abesane ‘suos
-13d pakojdwaun pue
siawuey ‘AoeI9)|1 JO
abejuadiad ‘Bzis uon

-e|ndod Joj paisnipe syy
(¥0'1-98°0)

S6'0=4y WA g
(00'L-28°0)

06'0=4d Wy ¥
(c0'1-8£°0)

06'0=4d Wy ¢
(S0°'1-¥9°0)

€8°0=H4 U ¢
(jeAsyul

A

S}
-SNpUl JUSWIAD WO}
wy G-¢ >ssaippe

9|qIPaId %56) SHY SpPJ023Y -|e}IOW JIdUED UBLIBAQ awoy :pasodx] ureds 3160(003 SL0Z  9007-/661 9]
(s323f
-qns 60"y 1) ueld
JUSWID WLy WY H—¢
X3S JuejUl pUe UOoIIed dUdpIsal :pasodxaun
-Npa [euJdjewW ‘snyeys (syalgns
|eyllew ‘uoseas ‘abe £90€) ueld Juswad
|eusalew 4oy paisnipy syuiIq WwoJj W] g >3dusp
(#S'L-60°1) 0L =HO Jo uoliensibal aunnoy KIDAI[DP WIR)3Id -1saJ :pasodx] uemie| |eUOI3D3S SSOID £00C [8s]
(6€'1-£670)
91'L =40 03 SnsIdA 23
(¢s1-o1°1) (Sjo13u0d 990%
0€°'L =HO 03 SNSISA pue sased zg |z ‘|e10}
13 :S9SNeD JejndseAolp 8179) :}Npe ‘s|0J3u0d
-Jed +sasned Aiojesidsay 8601 pue sased /¢
(¥0€-0T'L) ‘|e3o1 7LE L) uadp|iyd)
06°'L =4O ‘03 SnsIoA 23 gw/bn 051 0} |8
(2Z09'Z-6£0°L) S9SN Je[NJSBACIP  U99MII(] 0} pasodxa
9/9°'L =HO :03 SNSIaA |3 -Jed Jo AJojeiidsal Joy  sadudpIsaL Jo sdnoib Aley
uaIpIyd Ansibas jeydsoy suolssiwpe [e}IdsoH 991y} :2ins0dx3  ‘O)ezzay pue ouezze|y |0J1u0d-3s58) 710 S002-700T [og]
(4Y 10 SYO 10 %) (9dAy 40 3z1S 9|dwies) uon
Aq passaidxa swajqo.d uo13>339p panlasqo uone|ndod pue ubisap  -edignd
yijeay Jo spuiejdwo)  SWODINO U0 POYIDIA S109449 YyesH 2insodx3 A1unod 1o A1 JoApnisjoadAk]l  jouesy pouad Apnis ssdudlaRY

(panunuod) ¥ 3|qer

A SPRINGERNATURE journal

SN Applied Sciences



SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

Review Paper

9OUdpIsaI JO UoIbaI
'x3s ‘abe 10} paisnlpy
w3 §°¢
e (LLTL-61°1) 68 €=HO
awodul
uesaw pue ‘pjoyasnoy
J1ad suosiad abeiane
‘suosiad pakojdwaun
pue siaw.ey ‘Aoesay||l
Jo sabejuadiad ‘azis
uone|ndod 1o} paisnlpy
(oT'13zo'L) LL'L
¥4 HINIS 19dued Jappe|q
(90°361°L) 65°L
7, YINS :190ued |eina|d
((zaLI4NY]
L9"L 74 HINS :(uswi oy
K|uo) J913ued [EBUOIIRd
(SL'L9€0'L) 60°L %4
HIN'S :190ued |e1da10|0D)
(£0"1310°L)
¥0'L %1 4NS ‘s49dued ||

91N}1SU| SD13S13RIS
|euoiieN ysiueds
9y} jo A1s1bay yuig
‘siown] pooyp|iyd

40 A1s1bay ysiueds

SpJodal |euolieN

(s13[gns $89)

seaje uequn wouj Jey

pue sausnpul Aue

WoJ) Wy € <3dUsp
-I1saJ :pasodxaun

(sosed

rLL) Wy gz>3e

sauIsnpul swli| pue
juswad ”_owmoaxm_

[(s1eah 11-0)
uleds  uaJp|iyd] |0J3UOD-35BD

siown}
auoq jueubijepy

uledg

ul buialj uonejndod
|esauab :pasodxaun

S91ISNPUI JUBWD

woJj Wy G S aduap
-I1sa1 :pasodx] J160]003

A1jeyow Jadue) uledsg

£10C 1109661 [99]

GL0C 900C-Z661 [s9]

(4 10 SYO 10 %)
Aq passaidxa swajqo.d
yieay Jo syurejdwod

uolldo939p
SWO0DIN0 J0} POYIB N

(9dAy 40 3z1S 9|dwies)
uone|ndod pue ubisap
10 Apnis jo adA)

panIasqo

SREVIERUETE ainsodx3 £13uno> 10 A3

uon
-eojgnd
joues) pouad Apnis seduaI9yRY

(panunuod) ¥ 3|qer

SN Applied Sciences

A SPRINGERNATURE journal



Review Paper

SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

sjueNgRYUI ZHOS *eale panjjod 3s3ybiy ay3 ul buialj uoieindod,,

sjuelqeyul 9/6'08 :Apnis Jo ease ay3 ul uonendod,

Ol}el 23l YY ‘O3l SDUSPIdUI PazZIpIepuels Y/s ‘oles AHsuap pazipiepuels YJs ‘oles AHjeliow pazipiepuels Yis ‘|eAldul 93Uspyuod [ ‘ol3el Sppo YO

aWodul ueaw
pue ‘pjoyasnoy Jad
suosiad abeiane ‘suos
-13d pakojdwaun pue
siawuey ‘AoeI9|1 JO
abejusdiad ‘azis uon

-e|ndod Joj paisn(pe syy
(0L'1-780)

S6'0=Hd Wy ¢
(Jenssyul

9|q1PaId %S56) SHY

J9oUed 91e)S0id
(S0°'L-8£°0)

L6'0O=dd U ¢
(jeAssyul

9]q1PaId %S56) SHY

\Q__ELOE Jasued

uledg

ul buialj uonejndod
|esauab :pasodxaun

S91ISNPUI JUBWD

WwoJj W G S aduap

J9oued Jsealg SpJodal [euolieN ajejsoud pue jsealq -1sa4 :pasodx3 ureds 2160|003 910  9007-/661 [£9]

(4Y 10 SYO 10 %) (9dAy 40 3z1S 9|dwies) uon

Aq passaidxa swajqo.d uo13>339p panlasqo uone|ndod pue ubisap  -edignd
yijeay Jo spulejdwo)  SWO0DINO U0) POYIDIN S109449 Yi|esH ainsodxg A1unod o A1) JoApnisjoadAl  jouesp pouad Apnis saduaiasRY

(panunuod) ¥ 3|qer

SN Applied Sciences

A SPRINGERNATURE journal



Review Paper

SN Applied Sciences (2019) 1:1572 | https://doi.org/10.1007/542452-019-1583-0

Lymphocytes count and reduction in monocytes count.
The increase in platelets was observed to be due to
stress response. Other research reported that cement
dust results in a reduction of haemoglobin concentra-
tion as well as packed cell volume, which might indicate
anaemic condition [74]. Diverse researchers linked the
increase in WBC and RBC to a harmful effect on bone
marrow.

Different studies such as Oyinloye [28], Yang et al. [62]
and Smailyte et al. [63], have used different methods to
determine the relative risk or standardised incidence ratios
(SIR) of worker to different risks workers are exposed to.
However, qualitative analysis was not carried out to under-
stand whether or not the risks calculated is mainly based
on cement plant emission or due to addition of other fac-
tors such as traffic or other industries in the area.

Different research has indicated that the lung cancer
relative risk associated with PM exposure ranges from
3.36 t0 0.91 from different variables considered. The study
also showed DNA damages, micronuclei sister chromatid
exchange, swingle-strand breaks and oxidative DNA dam-
age. Toxicological studies in vivo and in vitro showed that
PM have the ability to generate continuously high reac-
tive oxygen species (ROS), which aids the genotoxic and
cytotoxic mechanisms of PM [72].

Ogunbileje et al. [7, 34] indicated that the primary effect
of Hg is its accumulation in the kidney and its disruption
of activities within the liver. Hg's long term effects include
debilitating diseases which include neurodegeneration
(Alzheimer’s disease and Autism). Continuous exposure
of workers to Mn results in lung irritation and lung injury.
This is observed as cough, pneumonitis, and bronchitis,
which is easily associated with cement factory workers.

Oguntoke et al. [32], reported that 31% of the examined
workers reported dermatitis, rashes and eczema. These
complaints were followed by catarrh, cold and coughs. The
engineers reported dermatitis and eczema more. Produc-
tion workers and quarry workers reported respiratory tract
infection [34]. Also, conjunctivitis and furunculosis were
reported by production workers.

A study by Bertoldi et al. [30] discovered that children
(also by Marcon et al. [75]) were more negatively affected
by cement plant air pollution. It was discovered that if the
concentration of NOy is lower than 110 pg/m?, the child
hospital admission rate would be reduced by 38%. The
second group affected mostly, were male groups as more
men were observed to work in the open. But Adeniran
et al. [4] and Yang et al. [46] revealed that dust measured
from houses at some distance from a cement plant was
well beyond the WHO standard.

Research has not specifically linked certain diseases
with cement dust or air pollutant from cement plants.
Researchers are observing an increase in risk when living
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near cement plants. Garcia-pérez et al. [64], associated risk
increase of ovarian cancer mortality with living close to
cement plants. Garcia-pérez et al. [65], linked living near
a cement plant to increase in the chance of colon-rectum
cancer for both men and women. Also, higher risk for hav-
ing gallbladder, peritoneum, pleura and bladder cancer
were noticed. It observed that men are the most affected
mainly due to their occupation.

The link between bone tumours in children and liv-
ing near industries such as cement plant was observed
by [66, 76]. Garcia-Pérez et al. [67], observed people liv-
ing near a cement plant would have higher risks of breast
and prostate cancer mortality. Yang et al. [46], indicated
that cement dust might contribute to preterm delivery,
but there are other factors to consider. Also, Marcon et al.
[75], observed that children’s exposure to PM causes acute
adverse health effects, with more effects on the long term.

5 Effects on plant and aquatic life

Humans are not the only ones affected. Different research
have shown that flora and fauna are also affected. Rai [77],
stated that effects on plants (injury) are either acute or
chronic. Acute injury results from short exposure to high
concentration while chronic injury occurs due to expo-
sure to low concentration for prolonged periods. Effects
on plants vary from plant growth to productivity [78].
The effect occurs from reduced light for photosynthesis,
increase in leaf temperature and mineral availability, alter-
ation of plant enzymes, and reduction in leaf size, number,
and foliar area (Table 5).

All organisms’ need certain elements in certain pro-
portions, large doses are mostly detrimental. Negative
effects observed include oxidative stress, damage of cell
membranes, photosynthetic apparatus and photosystem,
excessive production of reactive compounds, protein
cleavage as well as chlorophyll biosynthesis. Cells have
developed different mechanisms such as the enzymatic
and non-enzymatic mechanism to cope with the various
effects. They include catalase (CAT), peroxidase (POX) and
superoxide dismutase (SOD) [37, 79]. The activity of CAT,
SOD, and POX as varied with different plants, especially
when close to the pollution source.

Erdal and Demirtas [37] revealed that H,O, levels were
higher in plants within the polluted area. Malondialdehyde
(MDA) was observed to increase as H,O, increased. This
is attributed to cell damage. Kumar et al. [81] reported
that lives around the cement plant suffer chlorosis and
necrosis. Also, Salih et al. [31] revealed that the levels of
P (phosphorus), K (potassium), S (sulfur), and Cl (chlorine)
have been reported to be high around factories while
Ca (Calcium) and Fe (Iron) elements reduced. This result
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in stunted growth, leaf resetting, chlorosis, brown-gray
necrosis, reduced long term yield. All these elements are
required in the plant at acceptable levels, but the constant
emission of these elements affects the ability of the plant
to internally process and survive on these elements. Basi-
cally, plants require 0.1-0.5% S, 0.3-0.5% P and 2-5% K
of the plant dry weight. They also require 0.20-0.40 mg/g
of Cl dry weight and 100 ppm Fe of dry matter. Excess or
reduction of these elements amounts on plant signifi-
cantly affects the growth and survival of the plant.

Oran and Zahra [80] observed that cement dust affects
local plant species and diversity. Effects of cement dust
were observed in beaches in which it was preventing the
egg hatching of sea turtles [82]. It discovered that it pre-
vented oxygen and carbon dioxide diffusion.

Alternative fuel sources contribute to air pollution, but
the effect and risk associated with its pollutant do not
increase diseases among residential areas near the plant
[41]. The developments of energy efficiency and CO, emis-
sion reduction models and scenarios have shown that the
number of air pollutant would reduce. Zhang et al. and
Zhang et al. [14, 83], and project that PM, SO,, and NOy
would be reduced by 2-5%, 10-25% and 8-20% by the
year 2030. In most cases, only one or two elements are
above specified standards [2, 40].

6 Studies needed in developing regions

The pollution of the cement industry has never been
denied, but the extent to which it affects the environment
is still unknown. The effects of cement kiln dust from dif-
ferent cement plant on human health or the environment
vary based on individual plant characteristics and opera-
tion processes. The presence of other industries or even
traffic significantly affects the estimation of the effects of
these pollutants on human health. In most studies where
a particular contaminant is high, it is an individual plant
problem.

Therefore, studies of various cement plants at different
location across all regions should be carried out locally,
since each cement emission is specific. Raw materials used
in production in developing countries should be investi-
gated to understand their contribution to pollutant gen-
eration and the amount emitted through the production
process. Also, there is a need to create real time air qual-
ity stations near a cement plant, especially in developing
countries where little or no data is available.

Most studies from Africa failed to mention the alterna-
tive fuel used as well as the dust control technology in
place, its efficiency and its effects on the characteristics
of emitted pollutants. Also, the concentration of pollut-
ant released into the atmosphere was not effectively
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measured or examined. Dispersion modelling is not being
carried out to understand the effects of different pollut-
ants have on people living close to the plant. However,
some studies from Africa have shed light on the concentra-
tion of heavy metals present in cement kiln dust.

More studies into the impact of cement dust needs
to be carried out in developing counties. Present studies
from developing countries focus more on occupational
studies. Those studies are achieved through interviews of
what sickness workers regularly experience. In most cases,
the numbers of subjects are small, and are biased. More
studies using ecologic, retrospective cohort study or case-
control study design needs to be carried out.

Since bush or wood burning contributes largely to PM
generation in Africa, research into the characterisation of
such PM from these activities should be carried out. The
results of such analysis should be compared with the PM
characteristics from cement plants.

7 Conclusion

Cement production pollutants cannot be ultimately held
responsible for cancer cases. There is more than enough
evidence to associate it with respiratory diseases, skin and
eye irritation. There are so many factors to consider, and
the role of cement pollution is still unknown. The extent
to which it contributes will be more obvious as more
researches are done in this regard. Retired or long servic-
ing workers should be examined for various health impli-
cations under retrospective cohort study. Their continuous
exposure over the years makes them valuable subjects.

Until the connection is made and appropriate amend-
ments carried out, standard air pollution control measures
must be enforced. Some plants where air quality moni-
toring is low have recorded more environmental effects.
Recent improvements in the invention and production
processes have resulted in the reduction of pollutant emis-
sion to the atmosphere. The reduction method might be
finding an alternative to cement as a product. The amount
of pollutants released even with the best methods is
dependent on the amount of cement produced.

It is recommended that more routine air quality assess-
ments carried out by different stakeholders. More research
ecologic and Retrospective cohort study to understand
effects of cement exposure needs to be done. Adherence
to international standards on dust control technologies
must be encouraged and monitored. The best method
for workers is the use of protective personal equipment,
which is not sometimes used by them even when freely
provided. For resident, the best option is living more than
5 km away from the plant.
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