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Abstract

Heavy metals are released into the environment due to anthropogenic activities. Cement industries are classified
among the main sources of environmental pollutants. This study aims to evaluate the ecological and human
health risks of heavy metals in soils and leaves from the CIMTOGO cement factory area in Lomé, Togo.
Samples were dried successively in open air and in oven at 105 °C for 24 hours. Samples ground and sieved were
used in the analysis using a ZEEnit 700 atomic absorption spectrometer and lon chromatograph IC 1500
Dionex. The amount of heavy metals in the samples as well as the pollution indices were investigated. High
concentration of and Cadmium in the soil, and of chromium and lead in the leaves were found. High potential
ecological risk index of 157.26 and 303.73 and the pollution load index of 1.02 and 1.39 were found for the soil
and the leaf, respectively confirming the deterioration of the quality of the soil and leaves. The hazard index
(0.86) closer to 1 indicates that the cement production activities could have harmful impacts on the health of the
surrounding populations and the decision makers have to think about the decontamination of the area.
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Introduction the geographical configuration of the area, wind
direction or speed, precipitations, etc. (Abatemi-
Anthropogenic activities release heavy metals and ~ Usman et al, 2023). Coal combustion and cement
constitute an environmental pollution sources that
cause significant health issues (Wan et al., 2024). Due
to the different natures and the toxic effects of heavy
metals on living organisms, an environmental
monitoring is crucial in the industrial activities area

(Madhav et al., 2024). The emissions generated during

manufacture are two major sources of heavy metal
emissions into the atmosphere (Mallongi et al., 2023;
Jafari Jafari et al., 2023; Yetesha et al., 2023). Heavy
metals released during the cement manufacture, can
originate raw materials, fuel
combustion, or during the clinkering process

from and waste

the cement manufacturing depend on a number of
factors such as the filtration and abatement system,

(Mallongi et al., 2023). Generally, the non-volatile
metals (Cr, Cu, Mn, and Zn) remain within the clin-
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ker, while the semi-volatile (Pb, Cd) and volatile me-
tals (Hg) can be spread by wind and can contaminate
the air, water, soil and plants from the surrounding
areas (Mallongi et al., 2023). Heavy metals represent
an important category of pollutants because of their
potential  toxicity, high persistence and non-
degradation (Abatemi-Usman et al.,, 2023; Fikadu &
Mekassa, 2023). Bioaccumulation in plant tissues can
induce metabolic disorders (Amiri et al., 2022). Toxic
effect depends on metal type, concentration, exposure
time, plants species or the presence of other elements
(Parlak et al., 2023). Heavy metals have a negative
impact on plants by interfering with several mecha-
nisms like the soil nutrient uptake, photosynthesis,
germination, cell division and growth (Angon et al.,
2024; Patk et al., 2023). The presence of heavy metals
in the form of cations can compete with other cations
in the soil that serve as essential nutrients for the
plant (calcium, potassium, magnesium, etc.). These
metals also would cause the decrease of chlorophyll
concentration the photosynthesis
processes (Amiri et al., 2022). Heavy metals are very
toxic and have harmful effect on human health. It can
be responsible of anemia, digestive disorders, chest
burns, the mucous membranes and lung inflamma-

in acting on

tion, skeleton and respiratory troubles and ulcers,
irreversible damage to the kidneys and liver, lung and
nasal cavity cancers and fibrosis of the lung, fever
(Mallongi et al., 2023). Chronic exposure to heavy
metals can cause irritation of affected areas including
mucous membranes, nasal cavities, eyes, headaches
and diarrhea and reproductive disorders (Mishra et al.,
2022; Das et al., 2023). In Togo, one of the cement
producing industries is CIMTOGO, which manufac-
tures cement and is located in the center of Lomé,
where the surrounding population are farming in
garden and are doing other commercial activities due
to the position of the Port of Lomé. Many studies
(Dzagli et al., 2022; Hazou et al., 2021; Aduayi-Akue
and Gnandi., 2014; Aduayi-Akue et al.,, 2015), were
carried out on phosphate industries in Togo but not
on cement factories. This study aims to assess the
quality of soil and vegetation from the vicinity of the
CIMTOGO industry in Togo through the monitoring
of heavy metals contents and pollution indices using
spectroscopic techniques. To do this, the mean con-
centration of heavy metals in the soil and leaves
samples and the pollution indices from the study area
were investigated using Flame Atomic Absorption
Spectrometry and cathode lamps and the results were
compared to the limit value of the international stan-
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dard from World Health Organization (WHO). The
results will be useful for estimating the possible
impact of cement manufacturing on environmental
quality and data can be useful for the authorities and
decision makers concerning the existence of this
factory in Lomé town.

Materials and Methods

Study area

The present study is carried out in the vicinity of a
mass production industry of cement, CIMTOGO that
uses clinker (1,700,000 tons/year from 2021) (CIM-
TOGO, 2024). CIMTOGO is almost lying in the ca-
pital, Lomé, Togo and is located at the latitude
6°9'8.69" N and the longitude 1°17'13.52" E, closed
to the Port of Lomé. The climate is of type Guinean
with four seasons: two dry seasons (November-March
and August), and two rainy seasons (April-July and
September — October). The average annual rainfall in
south Togo is between 800 and 1200 mm/year. The
average temperatures range from 24 °C to 32 °C
(Badameli & Dubreuil, 2015). Relative humidity
ranges is 80-90%. Geomorphological units are the
sandy coast, the lagoon depression and the sandy clay
plateau. Three main types of soils are hydromorphic
soils, colluvial and alluvial (Grey) soils and non-
hydromorphic soils on sandy clay. The soil in the area
is ferralitic comprising a sandy clay texture (Atakpama
et al, 2021; Worou, 2002; Worou et al., 2020).
Sample’s locations were shown on the figure 1.
Workers, neighboring populations, and visitors of the
Port of Lomé are exposed to dust from the industry.

Sample collection

A random sampling was implemented to select soils
and leaves in the area of CIMTOGO factory to assess

Figure 1. The location of the study area showing samples positions
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heavy metal contents and its impacts. Topsoil (0 — 10
cm depth) samples of 150 - 500 g were collected.
Seventeen samples including eleven soils and six
vegetation samples (leaves and grasses) as the positions
are indicated in figure 1, using a clean stainless steel
shovel. Leaves samples are made of edible leafy
vegetables cultivated around the study area comprising
Brassica Oleracea, Lactuca Sativa, 1 ernonia Ampgdalina.
The sampling points are chosen to cover the entire
area closed to the industry and are marked by GPS
readings. These sites included the diverse soil types,
vegetation types and land use types. The samples are
put into labeled polyethylene bags, well-sealed, before
being transported to the laboratory where they were
dried in open air, at ambient temperature, for two
weeks. Macroscopic roots and organic material, with a
diameter larger than 2 mm, are removed by sieving
(Vittori Antisari et al., 2014).

Chemicals and instrumentation

All acids and reagents used in this study are of
analytical reagent grade. Hydrochloric acid (37%) and
nitric acid (HNOs, 65%) and perchloric acid (HCIO,,
70%) are from Merck (Germany). The Memmert UNB
400 oven (Germany) is used to dry the soil samples at
105 °C for 24 hours. Samples are ground using a
mortar and are sieved. Heavy metals analysis is
performed using a ZEEnit 700 atomic absorption
spectrometer with acetylene—air flame and cathode
lamps at Babes-Bolyai University, Faculty of
Environmental Science and Engineering,
ISUMADECIP, Cluj-Napoca, Romania.

Quality assurance and control

For quality assurance and control purposes, the stock
solutions are prepared using individual standard
solutions of Ni, Cd, Cr, Pb, Zn, Cu having a
concentration of 1000 mg/1 in HNO; (0.5 mol/l) and
were used for metals calibration. A digest without the
soil sample is made to remove incertitude relating to
possible materials and method. High-purity water
(0.055 uS/cm, 18.2 MQ/cm) obtained from Ultra
Clear TWF UV water system (SG GmbH, Germany) is
used. All glass wares are acid-washed using nitric acid
(10 %) before used. A method blank contained
detectable concentrations of metals are used and these
concentrations are subtracted from the sample concen-
tration.

Preparation of samples

The soil samples were subjected to acid digestion
method, the nitric-hydrochloric acid digestion (1:3, vo-
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lume ratio), this method was adapted from those re-
ported previously (ISO 11466, 1995;Uddin et al., 2016;
Barbizzi et al., 2004; de Zorzi et al., 2005) for trace me-
tal analyses in soil and leaf samples. For a homoge-
neous sample and to increase the efficiency of acid
attack by increasing the surface area of the particles,
soil samples were ground, using a mortar, to a size less
than 150 um. One hundred grams (100g) of ground
soil was sieved using a 150 um sieve according to
references (ISO 11464, 2006; Vittori Antisari et al.,
2014) before used to investigate the content of Cu, Crt,
Cd, Zn, Ni, and Pb. Then, an amount of 3 g of dried
and ground soil was transferred to a digestion vessel
where 21 ml of hydrochloric acid (37%) and 7 ml of
nitric acid (HNO3, 65%) were added successively
(Roba et al., 2015). The mixture was left to stand for
16 hours at room temperature for a slow oxidation of
the organic matter from the sample. Digested samples
were filtered and the filtrate was collected in a
volumetric flask. The volume was brought to 100 ml
with HNOj (0.5%). Leaves samples were cleared and
washed with distilled water, dried at 80 — 90 °C for 15
to 30 minutes and then at 65 °C for 12 to 24 hours
(Vittori Antisari et al., 2015; Roba et al., 2016). Leaves
samples were ground and sieved through a 0.5 mm
sieve. All the samples were weighed before and after
drying. The digestion method followed that developed
by Roba et al. (2015, 2016). For each analysis, 3 g of
sample was digested with 4 ml of nitric acid (65%) and
1 ml of perchloric acid (70%) until a transparent solu-
tion was obtained. The digested samples were then di-
luted to 50 ml volume and filtered. The clear superna-
tant was analyzed by FAAS. For each set of measures,
one blank was prepared using the same procedure. The
digestion was carried out in a well-ventilated fume

hood.

Statistical analysis

A Pearson correlation analysis was conducted to evalu-
ate the relationships between the different heavy me-
tals in soils and leaves around the CIMTOGO factory.

Determination of heavy metals in all samples

In order to report the metal concentration as mg/kg in
dried soil, the metal concentration from the soil extract
was multiplied by the dilution and divided by the mass
of dried soil/sediment as desctibed by the equation [1]:

Metal concentration in soil (r:—j) =

mg

(1]
metal concentration in extract (T) x 100 ml

soil mass (g)
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Heavy metal pollution assessment

Heavy metal pollution was assessed by indices
including the contamination factor (C), the degree of
pollution (Cg,), the potential ecological risk index
(RI) and the pollution load index (PLI) (Swain, 2024,
Devanesan et al, 2017; Mandeng et al, 2019).
Contamination factor (C,) concerned the amount of
metal contamination in the soil, leaves or water and is
given by the formula (equation [2]) and the degree of
pollution characterizes the pollution status due to the

different heavy metals (equation [3]). (Hakanson,
1980; Newaz et al., 2021).
C
Ci= c. 2]
Cueg = ch [3]

where, C; is the mean concentration of individual
metal, and C, is the concentration of a reference value
for individual metal. In this study, C, for soil and
leaves were the limits values from WHO (WHO,
1998; FAO/WHO, 2018) and European Parliament
and Council of the European Union (European
Union, 2019). Ecological risk factor RI assesses the
ecological risk of a heavy metal, and is related to the

toxicity of metals and the response of the
environment (equation [4]):
RI =>"T.C, 4]

where T, represented the toxicity factor of heavy
metal (Cd = 30, Ni =5, Cu =5,Pb =5,Cr =2 and
Zn=1).

Pollution load index (PLI) indicates the evolution of
soil and plant pollution and is defined as (equation [5])
(Hakanson, 1980; Newaz et al., 2021):

PLI =g/C! xC?xC? [5]

Geo-accumulation index (Igeo) is used to evaluate the
degree of anthropogenic influence on the pollution
levels and is defined as (equation [0]) (Olatunde et al.,
2020).

C.
Igeo = Log; (E

(6]

where C; is the concentration of the metal in the soil
sample and C_ is the concentration of a reference
value for individual metal and the factor 1.5 related to
the impact of changes in background values.
Contamination classes are based on the increasing
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Table 1. Contamination factor, degree of contamination, potential

ecological risk index;, geo-accumnlation index, and Pollution load

index: categories and interpretation

Indices Values Interpretation
C <1 Low contamination
1<C; <3 Moderate contamination
Ce
3<Cp <6 Considerable contamination
C>6 Very high contamination
Coeg <8 Low degree of contamination
8< Cyoy <16 Moderate .deg.ree of
contamination
deg i
g 16 <C,., <32 Conslderabl.e dejgree of
s contamination
Ca™> 32 Very high .deg.ree of
contamination
RI < 150 Low potential ecological risk.
150 < RI < 300 Moderate pot-entlal ecological
risk.
RI Considerable potential
300 <RI < 600 S
ecological risk.
RI > 600 Very high ecological risk
PLI<1 Denote perfection
PLI
PLI =1 Only baseline levels of pollution
PLI>1 Deterioration of soil quality
lgeo<0 unpolluted
0<l.. <] unpolluted to moderately
Igeo geo polluted
1<lgeo <2 moderately polluted
2<lgeo <3 moderately to strongly polluted
3<lgeo <4 strongly polluted
strongly to very strongly
< <
#<lgeo <5 polluted
lgeo =5 very strongly polluted

numerical value of this index (Huu et al., 2010). The
values of these indices with their associated interpre-
tations are presented in the Table 1 (Hakanson, 1980;
Newaz et al., 2021 ; Calmuc et al., 2021).

Health risk assessment

The hazard quotient characterizes the non carcino-

gennic adverse effects that corresponds to the ratio of
average daily intake (ADI) and reference dose (RfD)
due to exposure to the heavy metal in the soil based
on the method developed as follows (Yetesha et al.,
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2023; Gebreyohannes & Gebrekidan, 2018; IRIS, 2003;
Silambarasan et al., 2012):

ADI

== 7]

HQ

where RfD is the reference doses that correspond to
an estimated exposure of heavy metal to the human
body per day without harmful effect during life time
(Yang and Liu, 2012).
The value of reference doses (RfD) (mg/kg/day) for
the heavy metals used in the present work were those
from references (Yetesha et al., 2023; Gebreyohannes
& Gebrekidan, 2018) (Cr-1.50; Ni-0.02; Cu-0.04; Zn-
0.30; Cd-0.001 and Pb-0.004). Human beings are safe
for the hazard quotient less than 1(IRIS, 2003). Daily
intake (ADI) of metals is calculated using the equation
[8] (Yetesha et al., 2023):

CiXCfactorxD
BW

ADI = 18]
where: C; is the heavy metal concentrations in plants
(mg/kg), C..,, is the conversion factor to convert
fresh vegetable weight to dry weight (0.085), D is the
daily intake of vegetables estimated at 0.2 kg/day

(Gebreyohannes & Gebrekidan, 2018) and BW is an
average body weight (65 kg) (Yetesha et al., 2023). The
potential risk of adverse health effects from a mixture
of chemical elements in the samples was assessed
using the hazard index (HI) as the sum of HQ
(Gebreyohannes & Gebrekidan, 2018):

HI = Y HQ 9]

Results and discussion

Heavy metals average concentration in the soil
and leaf samples

The average amount of heavy metals analyzed in the
soil and leaf samples from the study area is presented
in table 2 with comparison with studies from other
countries. The results are compared with the WHO
standard limits (WHO, 1998; FAO/WHO, 2018) and
European Union (EU) legislation (European Union,
2019) and with those from others areas in West
Africa. The average content obtained for the metals in
the samples at CIMTOGO followed the abundance
Zn>Cr>Ni>Pb>Cu>Cdand Zn > Cu>Pb >
Ni > Cr > Cd for soil and vegetation, respectively.

Table 2: Comparison of heavy metals concentrations in the soil and leaf of CIMTOGO with studies from other countries

Samples Locations Zn Cr Cd Ni Pb Cu References
13619 78.52 3.6 4060 3736 27.24
CIMTOGO [ 346 43155  +197 42664  +1823  +7.42 Present study
Olatunde et al., 2020;
Soil Nigetia  213.64 356 0.76 5.13 3543 4163  Laniyan & Adewumi,
(mg/kg) 2020
Ghana 3502 961.24 - 24526 1313 27.97 Addo et al., 2012
N FAO/WHO, 2018;
Limits 300 2 1.5 50 120 300 Qprande et al. 2020
48.65 3.71 1.01 3.15 6.71 10.85
CIMTOGO 41343 4143 4012 4092 +145  +255 Present study
Laniyan & Adewumi,
Nigeria  137.87  30.62 0.02 3.77 1546 2652 2020;
Leaf .
Adejoh et al.,, 2016
(mg/kg)
Ghana 6677  238.75 - 11.67 6.02 238 Addo et al., 2012
Limits 100 0.19 0.2 50 0.3 100 FAO/WHO, 2018;

European Union, 2019

The average concentrations of zinc in the soil and
leaves samples are found less than the permissible
limit set by WHO (UNEP, 2001). Work performed
by Laniyan and Adewumi, (2020) in the Cement
Production of Ewekoro, Southwest Nigeria showed
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higher concentration of Zn than the values obtained
in the soil and leaves at CIMTOGO. Addo et al.,
(2012) assessed the Zn content in the vicinity of a
Cement Factory in the Volta Region (Ghana), which
revealed higher concentrations for soil and vegetation.
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Chromium average concentrations in soil near
CIMTOGO factory is found very much higher than
the permissible limit set by European legislation
(European Union, 2019). The average concentrations
of chromium in the leaves collected from
CIMTOGO is higher than the permissible limit set by
WHO (WHO, 1988). High concentration of Cr was
obtained by Laniyan and Adewumi, (2020) in their
study for the soil and the leaves. Cadmium average
concentrations in the soils of the CIMTOGO area is
found exceeded the permitted limit set by European
legislation (European Union, 2019). The average
concentration in the leaves in the study area is of
below the WHO permissible limit (FAO/WHO,
2018). The presence of the Cadmium in the soil and
leaves constitutes a real danger for human health and
the environment in this area. Crops and vegetables
should be intensively monitored and agriculture must
be forbidden in this area. The findings by Adejoh et
al., (2016) for the cadmium in the soil and leaves in
the vicinity of a cement factory in north central,
Nigeria are lower than the values at CIMTOGO
(Etim et al., 2021). Nickel average concentrations for
soil and leaves in the CIMTOGO area are below the
European legislation limits (European Union, 2019).
Nevertheless, the monitoring of the level of this metal
in Togo would be useful to avoid health and
environmental issues. Laniyan and Adewumi, (2020)
in the
(Nigeria) for Nickel lower values in the soil and

found Cement Production of Ewekoro

leaves. The average concentrations of lead in the soil
at CIMTOGO is found below the permissible limit of
European legislation (European Union, 2019) and the
one in the leaf samples is higher than the permissible
limit of WHO (FAO/WHO, 2018). The monitoring
of lead in a cement industry in Ghana by Addo et &/

.(2012) gave a lower value than the one found in the
soil and in the leaf in the present study. The copper
average concentrations in the soils and leaves in the
CIMTOGO area are lower than the WHO permissi-
ble limit (WHO, 1991). Similar findings for copper
were obtained in soil by Addo et 4/ (2012) while the
copper amount in vegetation is slightly higher
(Laniyan and Adewumi, 2020) compared to the
results in the present study. From the average concen-
the presence could be
associated with (i) the raw material, which storage is

trations, heavy metals
open air and its dusts can be deposited and retained
in the soil and leaf, (i) the cement production itself
and (iii) attendant vehicular traffic and emissions
(Olatunde et al., 2020; Adejoh, 2016; Adedeji et al.,
2020). Also, CIMTOGO is closer to the Port of
Lomé and to the international road N, (Lomé —
Cotonou). Further accumulation of heavy metals such
as Cr, Pb and Cd in the edible leaves in the area must

be prevented through other investigations and
regulations.
Correlation between heavy metals within

CIMTOGO samples

The relationship between the investigated heavy
metals in the soils and leaves around CIMTOGO is
carried out and the correlation coefficients are
presented in table 3. Positive coefficients are found
for all pairs of heavy metals in the present study
except between Zn and Cd. So, the content levels of
these heavy metals in the samples are related one to
another. It is also known that strong positive
correlation coefficients would be obtained between
heavy metals from the same sources, while poor or no
correlation indicates that these metals are from
different origins. Higher correlation with significance

Soils Zn Cr Cd Ni Pb Cu Table 3

Correlation coefficients for metals in soils
Zn 1.0000 0.2236 -0.1565 0.0826 0.2331 0.4283 and leaves around CIMTOGO (Lomié)
Cr 0.6664 1.0000 0.8029  0.9296*  0.8109 0.6019 Note:

* Correlation is  significant at  the
Cd 0.6856  0.9602**  1.0000 0.7617 0.8637 0.2463 0.00003 level (2-tailed)

** Correlation is significant at the 0.002
Ni 0.7449 0.9145 0.8098 1.0000 0.8055 0.6774 level (2-tailed)
Pb 0.8296 0.7813 0.7603 0.9043 1.0000 0.5006
Cu 0.6295 0.6120 0.7041 0.3974 0.3656 1.0000

Leaves Zn Cr Cd Ni Pb Cu
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(p < 0.00003) (values in bold in table 3) were
observed between most of heavy metals as Cr, Cd,
Ni, Pb in the soil while the lowest one (-0.1565) was
found between Zn and Cd. The concerned heavy
metals in this study area would be from a common
sources. But the weak correlation between Zn and
other heavy metals indicated that Zn in soils would be
from different source especially from natural sources.
The presence of Cd in the soil could be related to the
emissions from cement production because it has
been reported that Cd is often released from the raw
materials (Ogunkunle & Fatoba, 2014). The presence
of Cr and Zn in the soil could be attributed to the
long years of operation of CIMTOGO as this factory
has been in operation since 1969 and is still in full
operation (1,700,000 tons/year since 2021). But the
poor correlation (0.2236) indicates that Cr and Zn are
not from the same pollution source and these heavy
metals could be supposed to be released from
industrial activities. The presence of Pb could be
related to automobile emissions and petrol engine
discharges because many trucks are involved in
transporting raw materials and finished cement
products. The correlation analysis pointed out natural
and external contributions for the presence of heavy
metals in the environment of the study area (Olatun-
de et al., 2020). There exists strong correlations with-

Table 4. Pollution indices on CIMTOGO site

significance (p < 0.002) between heavy metal
contents (Cr, Cd, Ni, Pb) in the leaves. The results
show positive coefficients that indicates that the
heavy metals would be from the same sources with
the atmospheric deposition as important source.

Heavy Metal Pollution Assessment — Pollution
indices

Pollution evaluation indices calculated are shown in
table 4. The values of the contamination factor C; for
Zn in soil and leaves are lower than 1, which
correspond to low Zn contamination. The chromium
contamination factor C; for soil and leaves are greater
than 6 which corresponds to a very high chromium
contamination. Regular monitoring to protect human
health and the environment becomes crucial because
the presence of this element in leaves in the study
area poses a great health and environmental issues.
The
correspond to a moderate contamination in the soil
and considerable The
contamination factors for Ni correspond to a low
contamination of Nickel in the area. The lead
contamination factors obtained are 0.31 in the soil

contamination factors of cadmium values

in leaves in the area.

and 22.37 in leaves. These values correspond to a low
lead contamination in the soil and very high lead
contamination in leaves of plants.

Samples Cdeg RI PLI Zn Cr Cd Ni Pb Cu
Soil 43.36 157.35 1.02 0.45 39.27 2.41 0.81 0.31 0.11
Cf
Leaf 47.60  303.73 1.39 0.49 19.53 5.05 0.06 22.37 0.11
Soil Igeo -1.74 4.71 0.68 -0.89 -2.27 -3.77
HQ 42E-2 6.5E-4 2.6E-1 4.1E-2 4.4E-1 71E-2
Leaf
HI 0.86

The high contamination in leaves may result from dust
deposition from industries and traffics (Adejoh, 2016).
The surrounding areas would not be used for farming
leafy vegetables and the decision makers must monitor
the lead contamination. The copper contamination
factors for the area are lower than 1, corresponding to
a low copper contamination in the area. The degree of
pollution of heavy metals for the soil in the area is
43.36 higher than 32 corresponding to a very high
degree of contamination. The potential ecological risk
index is 157.26, ranges between 80 and 160
corresponding to a medium ecological risk potential of
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the area. The pollution load index is 1.02, greater than
1 showing a slightly polluted soil (Devanesan et al.,
2017; Mandeng et al., 2019). For the leaves in the area
the degree of pollution for heavy metals is 47.6 higher
than 32 corresponding to a very high degree of
contamination in the leaf samples. The potential
ecological risk index is 303.73, a value between 160
and 320 corresponding to a very high potential
ecological risk. The pollution load index is 1.39 greater
than 1 and corresponding to a progressive
deterioration of the quality of the plant leaf in the
CIMTOGO area and its surroundings (Devanesan et



Y.M. Amounzonvi, K. Sagna, K. Tepe, K. Sesime, K.B.R. Afoudji, M.M. Dzagli et al.

DOI: 10.6092/issn.2281-4485/19712

EQA 64 (2024): 68-78

al., 2017, Mandeng et al., 2019). I-geo results in this
study presented negative indices (Table 4) indicate that
the Cu, Pb, Ni and Zn are unpolluted metals. Igeo
value of Cd (0.68) indicates that Cd is unpolluted to
moderately polluted in the study area. However, Cr
Igeo value (4.71) indicate strongly to very strongly
contamination in the soil. The values of C; and Igeo
are found greater for Cr that corresponds to a
contamination related to anthropogenic origin and this
metal is posing the ecological risk. A
considerable ecological risk exists in the study area
based on the indices due to the presence of Cd, Cr, Pb
and Zn in soils.
anthropogenic — activities
processes are responsible of the main presence of
these heavy metals (Liu & Wang, 2024; Ogunkunle &
Fatoba, 2014; Ismail et al., 2023).

most

The cement manufacture and
associated with natural

Health risk assessment of heavy metals in soil

Tables 4 presents the Hazard quotient (HQ) and the
Hazard Index (HI) estimated in the study area. The
HQ and HI values are lower than the permissible
limits of 1 and show that these heavy metals may not
cause adverse health effects for adults. Hence, from
these preliminary findings of assessment, of heavy
metal contents must be more investigated in leaves in
the vicinity of CIMTOGO or in other facto-ries for
health risk assessment.

Conclusions

In this study, heavy metals contents are investigated in
soil and leaf samples from CIMTOGO industry in the
capital of Togo, Lomé. Higher amounts for heavy me-
tals in soil and plant leaves are obtained. The amount
of Cr and Cd in the soil exceeded the permissible
standard limit. In the leaves, the average concentra-
tions of Cr, Cd and Pb are found above the permissi-
ble limit. This work show very high potential ecolo-
gical risk in the soil and the leaves in the area. Studies
are still needed to avoid adverse effects on health and
the environment in the future because the hazard
index obtained is closer to the limit. Pollution indices
values showed that heavy metals may be originated
from activities of the factory. Actions must be made to
reduce the pollution status like to design an environ-
mental plan of constant monitoring of heavy metals in
the area. As new cement factoy were built in the
country, CIMTOGO in Lomé must manage its produ-
ction activities. The present findings are a useful infor-
mation concerning the heavy metals pollution in Togo
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and the adverse effects of cement factotries on human
and environment
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