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A B S T R A C T   

A controlled experimental model of exposure to aerosols particularly for cement dust was recently invented in a 
study from the laboratory that found high serum levels of heavy metals, decrease gastrointestinal motility, and 
altered hematological variables in cement dust exposed rats. However, reproducibility was not considered. This 
work aims at standardizing the model and investigating preliminary toxicological indicators. Thirty male rats 
used in this study were divided into 3 groups (n = 10). Group 1; control, while groups 2 and 3 were exposed to 
cement dust for 14 days and 28 days respectively. We assessed clinical signs of toxicity, tissue heavy metal 
concentration, histopathological, and body weight (BW) changes. We observed poor movement coordination, 
abnormal posture, cephalic fur loss. Evidence of ischemia and fibrotic pneumoconiosis were grossly observed in 
the lungs of the exposed groups. There was a significant increase in tissue level of heavy metals with pulmonary 
and gastric heavy metal content showing a trendy relationship during the period of the exposure as the value of 
Lead, Chromium, Cadmium, Iron, Calcium, and Nickel increased by nearly similar percentages in both tissues. 
Organs weights increased; the 14-day exposed (198 ± 31; 168 ± 22) and 28-day exposed (198 ± 22; 187 ± 26) 
groups had significantly reduced body weight at the first and second weeks of exposure compared to the control 
group (265 ± 26; 357 ± 40) respectively. Exposure to cement dust induced low bone density in the exposed rats 
(p < 0.05). Histopathological alterations include necrosis, inflammatory cellular infiltration, and alveolar hy-
perplasia suggestive of the proliferative response of pulmonary tissue to the dust. The operation of the stan-
dardized apparatus mimics a typical occupational exposure and the findings show that cement dust induces 
systemic toxicity via respiratory perturbation and body/organ weight discordance mediated by heavy metal 
bioaccumulation.   

1. Introduction 

Cement industries constitute a notable source of environmental 
toxicants [1,2] encountered during the manufacturing, distribution, and 
utilization of cement product. Occupational and environmental expo-
sure to cement dust has been known to precede a number of systemic 
injuries with particular reference to the respiratory, gastrointestinal, 
and integumentary systems characterized by fibrosis, emphysema, 
cough, cancer, inflammation, and liver diseases among workers and host 
community residents of cement factories [3,4]. Cement product which 
has wide application in the construction industry is a homogenous 
mixture of hazardous heavy metals such as Cobalt (Co), Iron (Fe), lead 
(Pb), cadmium (Cd), Chromium (Cr), Nickel (Ni), Manganese (Mn), and 
arsenic (As) at different relative proportions [5–7] which have been 

considered to be toxic to the body system. Deleterious health effects of 
cement production at host communities such as Kashmir valley and 
Krew in India [8,9]; Ewekoro in Nigeria [10] and Oromia, Addis Ababa 
in Ethiopia [11] have been severally reported. These reports have 
attracted the attention of researchers to cement dust studies. 

Increased level of consciousness on the adverse health effects of 
cement dust culminates in scientific research since over two decades 
ago; an intervention which has been overtly impeded by the dearth of a 
known model of experimental exposure. Data hitherto analyzed stem-
med basically from questionnaires [12–17,9], examination of health/-
medical records [18,19], interviews [16,20,21] and case report [22]. 

Toxicosis of cement dust is still poorly understood because, hitherto, 
empirical investigations have been achieved only by the deployment of 
crude experimental procedures of merely placing experimental animals 
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in proxy distance to cement factories [10,23]. Meanwhile, this method 
of exposure gives wide room for controversies as a number of other 
confounding environmental factors could be responsible for the reported 
pathologies considering the appreciable physical distance between the 
location of the experimental animals and the actual cement factory. The 
need for experimental research on the pathophysiological mechanisms 
involved in the reported effects of cement dust is required for validation 
and further investigation of its toxicosis. Therefore, an exper-
imental/laboratory method of exposure characterized by simplicity and 
reproducibility is required. Recently, our laboratory developed a model 
for regulated exposure which has been deployed in a preliminary study 
to access the effect of cement dust on some hematological variables and 
indices with interesting outcomes. Emanating data suggest that an in-
crease in serum concentration of some heavy metals including the 
alteration of hematological variables accompany the exposure to cement 
dust [24]. Although the results from this study mimic earlier reports in 
the literature on human subjects, however, the efficacy and reproduc-
ibility of the model cannot be guaranteed. The initial generation and 
distribution of dust by the chamber is characterized by significant en-
tropy, a condition that may be substantially different from the instan-
taneous distribution. These provisions make the effusion rate of the 
chamber dust generation unquantifiable. Also, some important param-
eters of the chamber such as the diameter were not taken into cogni-
zance which further precipitates the challenge of reproducibility. Hence, 
the rationale for this study is to standardize the chamber and since 
inhalation is one of the three major routes of exposure to respirable 
particulate matters from the external environment, we set to investigate 
the attendant effect of cement dust exposure on the pulmonary 
cytoarchitecture and the probable accompanying heavy metal accu-
mulation tendency particularly in the visceral tissues. 

2. Materials and methodology 

2.1. Animals 

Thirty (30), 3-month-old male Wistar rats weighing between 
150− 180 g were purchased from the animal house of the college of 
Medicine, University of Ibadan, and were kept in plastic cages with 
wood shavings. They were housed under standard conditions of tem-
perature (23 ± 2 ◦C), humidity (55 ± 15 %), and natural 12 h light and 
dark cycle in the Animal house of Department of Physiology, University 
of Ibadan, Ibadan. They were allowed access to water and standard 

laboratory chow ad libitum. 
Following two weeks of acclimatization, they were exposed to 

cement dust with the aid of an exposure chamber fabricated according to 
the specifications below (Fig. 1A and B). This study was conducted in 
accordance with the current Animal Care Regulations and standards 
approved by the Institute for Laboratory Animal Research [25] and the 
experimental protocol was approved by the Animal Care and Use 
Research Ethics Committee, University of Ibadan, Ibadan, Nigeria hav-
ing been assigned the approval number UI-ACUREC/18/0129. 

2.2. Standardized design and operation of the Exposure Apparatus 

The dust exposure was carried out with the use of a fabricated non- 
mobile apparatus designed to simulate a cement factory environment for 
the exposure of experimental animals to particulate matters. Unlike the 
previous report [24], the method was standardized by modifying it into 
a perfect square of 60 cm in height, breadth, and width, made of 
transparent plexiglass. An internal subchamber of height 20 cm, breadth 
26 cm, and diameter of 32.8 cm is specifically designed to house the 
dust. Made of plexiglass, the subchamber is designed to contain cement 
dust with its walls adequately perforated to ensure constant effusion of 
cement dust-laden air into the portion of the chamber housing the rats. 
There is no available entrance to the subchamber from the internal 
portion of the apparatus. This is with the intention to prevent the 
explorative animals from mechanical injury, to prevent the interruption 
of the dispensing circuitry of the chamber to ensure sustained; main-
taining constant effusion rate, and to prevent direct ingestion of the dust. 
The apparatus which is particularly designed to avail the experimental 
animals a wide range of movement consists of a manipulative chimney 
of 30 cm by 10 cm dimension located on the apparatus lid (dorsally) and 
diagonally to the internal subchamber, perpendicularly to the internal 
subchamber and opened during operational periods but closed 
thereafter. 

The subchamber houses two miniature metallic quadri-bladded 
aerators situated at an anterodorsal right angle to each other. The aer-
ators are heavy duty type of model CNS-3− 20/620 (serial number 
S40141392) running in main alternating current of 220 V, power of 
27 W, current of 0.25A, and frequency of 50/60 Hz. They are capable of 
moving with a speed of 2400/3400 rpm. When connected to a power 
source, sufficient torque equips the aerators as they synergistically 
generate, propel and deliver the dust in inhalable form from the sub-
chamber to the internal portion of the apparatus housing the 

Fig. 1. A: The Description of the apparatus. B: The apparatus in operation (Advancement and modifications stated in Table 2).  
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experimental animals. The specificity of the aerators enables the gen-
eration and dispensation of about 0.2 g/h of the dust. 

2.3. Cement material and exposure 

A full intact and freshly supplied bag of Nigeria Portland cement was 
purchased from an accredited depot in Ibadan, Oyo state, Nigeria. The 
exposure began daily by introducing 100 g of cement dust into the 
subchamber. Old and remnant dust were evacuated prior to exposure 
every other day. This routine practice was maintained on daily basis. 
Exposure was 5 h daily for periods of 14 days and 28 days using the 
exposure chamber. The control rats received sham exposure to normal 
atmospheric oxygen. They were all sacrificed thereafter. 

2.4. Experimental rats grouping 

There were three (3) groups in this study each with 10 animals. The 
first group (Group 1) of rats were the control group. The second group 
(Group 2) received cement dust exposure for 14 days (14-day group) 
while the last group (Group 3) were exposed to cement dust for 28 days 
(28-day group). Exposure was carried out 5 h daily. The control Group 
animals were allowed to thrive in completely dust-free environment. 
The experimental animals were all allowed free access to standard lab-
oratory chow and water. 

2.5. Body and organ weights 

The weekly weight changes of the animals in the groups each were 
determined using Acculab® USA, Model-vic-303 electronic analytical 
weighing balance and recorded while weekly percentage change in 
weight throughout the study was calculated as:  

[(B – A)/A x 100]                                                                            (1) 

Where “A” represents the “initial weight”, “B” is the “final weight”. 
During sacrifice, visceral organs including the stomach, lungs, heart, 

spleen and brain were collected. The relative organ weight was calcu-
lated by using the formula;  

(X/ Y) x100 g                                                                                 (2) 

Where “x” represents the “Absolute Organ Weight”; the raw weight of 
the organ as obtained from the weighing balance while “y” is the 
“Terminal Body Weight (TBW)”; the instantaneous weight of the animal 
at the point of sacrifice. 

Mean Femoral Weight (MFW) is the sum of the weight of the femur 
divided by “n” per group while Relative Femoral Weight (RFW) was 
calculated from the equation below  

(FW/TBW) g                                                                                  (3) 

Mean Relative Femoral Weight (MRFW) is the sum of the RFW 
divided by “n” per group 

The same as above was applicable to the femur after collecting and 
the attached muscles carefully trimmed off. 

2.6. Clinical observations 

Each animal in the different groups were carefully examined on daily 
basis before and after experimental exposure for possible clinical signs of 
cement dust-induced toxicity in the respiratory and behavioural pat-
terns, skin, fur, eyes and other mucous areas while morbidity/mortality 
case was equally noted. At the end of the experiment, the animals were 
fasted overnight but were allowed access to water. All visceral organs 
including the stomach, spleen, lungs and brain were excised, carefully 
examined before weighing and thereafter digested for heavy metal 
analysis except the lungs tissue that was divided into two and part of it 
was fixed in 10 % formalin for histopathology. 

2.7. Digestion of tissue and heavy metal analysis 

Heavy metal level in the lungs, brain, stomach and spleen of the 
exposed animals were investigated according to [26]. Nitric acid (1 mL) 
followed by perchloric acid (1 mL) was added to 100 mg of the tissues 
each in a clean sample bottle. The mixtures were then digested over a 
sand bath until the solution becomes clear and yellow in colour. In the 
instance of the outcome of brown-coloured digest, the above process was 
repeated. The digests were aliquoted after being made up to known 
volume of ionized water and read using Atomic Absorption spectro-
photometer model (Buck Scientific AAS Model 210/211 VGP, Con-
necticut, USA) at various wavelengths according to the standard 
working parameters stated in Table 1 below. Results of accumulated 
heavy metals were recorded in mg/L and presented as mean ± SEM. 
Radiation source were the hollow cathode lamp of Lead (Pb), Chromium 
(Cr), Cadmium (Cd), Nickel (Ni), Iron (Fe), Manganese (Mn), Cobalt 
(Co) and Calcium (Ca) while the fuel was air acetylene. 

2.8. Macroscopy and histomorphological investigation 

Following the sacrifice of the animals, the lungs were excised and 
carefully examined for any macroscopic pathology before fixing in 10 % 
formalin for histological examinations. They were thereafter embedded 
in paraffin wax; sectioned at 5 μm and were stained with haematoxylin 
and eosin before viewing under light microscope (PEC MEDICAL USA; 
X400 Mag) for any pneumopathological alterations according to [27]. 
The histological and pathological evaluations were carried out by a 
blinded pathologist. 

2.9. Statistical analysis 

Statistical analyses were done using Graphpad prism 5.0® and data 
presented as mean ± SEM for n = 5 per group while One-way ANOVA 
and Dunnette post-hoc test were used for mean comparison between the 
different groups with p < 0.05 considered significant as stated at each 
case. 

3. Results 

The chamber as modified and standardized is pictorially represented 
above in Fig. 1A and B. The major discrepancies and the standardizing 
factors are analysed in Table 2 below. 

The width of the chamber and the subchamber had been slightly 
adjusted to suit that of a perfect square. Although the height of the 
chamber remains the same but that of the subchamber was slightly 
reduced. The diameter and the dust effusion rate were determined. This 
is expected not only to increase the internal space of the major part of 
the chamber but also to modify the aerosolized dust. Overall, the 
modifications ensured effective and calculable dust effusion rate. 

3.1. Clinical signs 

One rat died after two weeks of exposure out of the 28-day exposed 
animals (Group 3) while the period of exposure lasted. A number of 
clinical signs of toxicities such as mortality, laboured breathing, 

Table 1 
Operational parameters of atomic absorption spectrophotometer.  

S/NO METAL WAVELENGTH (nm) SLIT WIDTH 

1 Lead 283.3 0.7 
2 Chromium 357.9 0.7 
3 Cadmium 228.9 0.7 
4 Cobalt 352.7 0.7 
5 Manganese 279.5 0.7 
6 Iron 248.3 0.7  
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increased fur lability and cephalic fur loss. Other signs were frequent 
sneezing, abnormal posture and hypoactivity. There was evidence of 
poor nervous coordination resembling that of hemiballism and tremor. It 
was equally observed that the vigor and boisterous tendencies exhibited 
by the exposed animals at the beginning of the experiment gave way for 
docility, weakness and anorexia occasioned by restricted movement 
before the end of the experiment Fig. 2B. The exposed animals also show 
sign of drastic weight loss than the control. During sacrifice, there were 
grossly observable conditions of fibrotic pneumoconiosis at the caudal 
lobe alongside with being pus-gorged portions (black arrows in Fig. 2D, 
E and F) near the deep respiratory zone. There was also evidence of 
pulmonary ischemia with grossly observable pale red patches at the 
serosal surface of the anterior lobes (yellow arrow in Fig. 2F) in the 14- 
and 28-days exposed animals. 

3.2. Body and organ weight changes 

Table 4 shows that the 14-day exposed group and 28-day exposed 
group had significantly reduced body weight at the first and second 
weeks of exposure (Week 1 – week 4 in the table) compared to the 
control group. The rate of body weight gain in the test groups (14-day 
and 28-day exposed) was significantly reduced in the weeks of exposure 
when compared with the control. Also, the TBW and weight changes of 
the femur present an interesting statistic with the 14-day group showing 
marginal difference and 28-day showing a significant difference when 
compared with the control group. For instance, TBW of the 14-day 
exposed groups decreased by 10.67 % while the 28-day group 
decreased by 16.42 % when compared with the control. The MFW of the 
14-day exposed group present 9.34 % while the 28-day exposed group 
present 31.78 %. MRFW shows the same trend with the 28- and 14-days 
exposed group showing 27.14 % and 8.57 % respectively. The foregoing 

Table 2 
Modifications entrenched to standardize the earlier model of cement dust 
exposure.  

PARTS SPECIFICATIONS MODIFICATIONS FUNCTIONAL 
ALLOWANCES 

DUST 
GENERATOR 

1Plastic and 1 iron 
bladed industrial fan 

2 iron bladed 
aerators 

CHAMBER 
WIDTH 

59.9cm 60 cm 

CHAMBER 
HEIGHT 60 cm 60 cm 

CHAMBER 
DIAMETER Unknown 84.9cm 

SUBCHAMBER 
WIDTH 

26.1cm 26 cm 

SUBCHAMBER 
HEIGHT 

19.6 cm 20 cm 

SUBCHAMBER 
DIAMETER Not stated 32.8 cm 

CHIMNEY AREA 10.6cm × 9.9cm 30cm × 10cm 

FAN SPEED 2400− 3000rpm 2400− 3000rpm 

DUST EFFUSION 
RATE 

Unknown 0.2 g/hr Reproducible  

Fig. 2. A-F: Observed clinical signs of toxicity 
among cement dust exposed animals; A: Ce-
phalic fur loss (black arrow) and abnormal 
posture following 28-day cement dust exposure. 
B: Docility and hypoactivity of exposed animals 
showing maintenance of stationary position. D, 
E and F: pulmonary emphysema and haemor-
rhages of caudal lobe of the lungs in the 14- and 
28-days exposed animals. E and F: pus-gorged 
and pulmonary ischemia of the caudal lobes 
respectively (black arrows) and pale red 
patches on the anterior lobe of the lungs (yel-
low arrow); all compared with C: A normal 
lungs (from the control group) showing normal 
appearance and intact gross morphology. (For 
interpretation of the references to colour in this 
figure legend, the reader is referred to the web 
version of this article.)   
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shows that the body weight of the 28-day exposed group is more affected 
than the 14-day group. 

3.3. Histoarchitectural alterations 

Fig. 3A-F, represent the photomicrographs of experimental animals 
from the control, 14-day and 28-day exposed groups respectively. The 
control animals (Fig. 3A and B) show normal lungs cytoarchitecture 
while the treated groups (3C-F) had an array of pathological manifes-
tations including fibrinoid necrosis, evidence of emphysema and in-
flammatory response of the tissue marked by mononuclear cell 
infiltration. Alveolar type II pneumocyte hyperplasia was observed in 
addition to those alterations at the 28-day exposed group. Table 6 shows 

the distribution and severity of the pulmonary histopathological 
changes observed in this study with hyperplasia of histiocytes, mono-
nuclear cell infiltration in alveoli, medial hypertrophy of muscular ar-
teries and fibrinoid necrosis being the most predominant pathologies 
while presence of eosinophilic substance, fibroblast proliferation, 
oedema and alveolar septal thickening were the least observed which 
were all completely absent in the control animals. 

Fig. 4A-F represent the relative weights of the stomach, spleen, lungs, 
heart, brain and femur respectively while Table 3 shows femoral bone 
weight changes. The relative weight of the lungs (F-value = 16.25, p- 
Value = 0.0010), stomach (F-value = 5.307, p-Value = 0.0223), and 
spleen (F-value = 27.64, p-Value = 0.009) were significantly higher in 
14-day and 28-day groups when compared to the control. However, the 

Fig. 3. A and B: Lung tissue showing normal 
architecture of control animals. C and D: Lung 
tissue showing alveolar congestion and hemor-
rhage (Fig. 3C brown arrow), Alveolar septal 
thickening with congestion, hemorrhages, 
diffuse mild type II pneumocyte proliferation 
and infiltration of mononuclear cell infiltration 
(Fig. 3D; black arrow) of 14-day Exposed ani-
mal. E and F: Lungs showing effect of cement 
dust on pulmonary tissue with evidence of se-
vere alveolar type II pneumocyte cell hyper-
plasia (Fig. 3E green arrow) and mononuclear 
cell infiltration (Fig. 3F black arrow) and 
medial hypertrophy of muscular arteries and 
fibrinoid necrosis of 28-day exposed animals. 
Mag: X400. (For interpretation of the references 
to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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relative weights of the brain (F-value = 5.323, p-Value = 0.0298) and 
femur (F-value = 50.33, p-Value = 0.0002) was significantly higher only 
in the 28-day group while that of the heart increased significantly only 
in the 14-day exposed group when compared with the control at 
p < 0.05. Lung, stomach and brain tissues shows somewhat similar 
pattern of response to cement dust exposure. While other organs (Heart 
and Spleen) show a mithridatic reduction in the 28-day group when 
compared with the 14-day group, stomach, lungs and brain tissues in 

Fig. 4A, B and E respectively depicted a persistent increase in weight 
from the 14-day to the 28-day. 

3.4. Heavy metals analysis 

Heavy metals analysis as found in Table 5 above represents a 
considerable output. Analysis of the heavy metal content of the various 
visceral organs shows that the lung tissue has a significantly high level of 

Fig. 4. A Effect of cement dust on relative 
lungs weight. ** Significant when compared 
with the control. B: Effect of cement dust on 
relative stomach weight. ** Significant when 
compared with the control. C: Effect of cement 
dust on relative heart weight. ** Significant 
when compared with the control. D: Effect of 
cement dust on relative spleen weight. ** Sig-
nificant when compared with the control. E: 
Effect of cement dust on relative brain weight. 
** Significant when compared with the control. 
F: Effect of cement dust on femoral weight and 
mean femoral weight. ** Significant when 
compared with the control.   

M.W. Owonikoko et al.                                                                                                                                                                                                                        



Toxicology Reports 8 (2021) 1169–1178

1175

Ni at 14-day and 28-day groups, Cr and Co showed significantly high 
level only at 28-day while Cd was significant only at the 14-day exposed 
group when compared with the control. The stomach tissue has signif-
icantly high Pb, Fe at both exposed groups (14-day and 28-day expo-
sure), while Cr and Ni were significantly high only at the 28-day exposed 
group when compared with the control. The brain tissue as shown by the 
14-day and 28-day groups had significantly high levels of Pb, Cd, Mn, 
and Ni while Cr and Fe were only significantly higher in the 28-day 
group compared to the control. The spleen at both 14-day and 28-day 
groups depicted a significantly high level of Pb, Cr, Co, Ni while Cd 
and Mn were only significantly high at the 28-day group when compared 
with the control. 

The values of Fe in the respective organs (brain, spleen, lungs, and 
stomach) are significantly higher in the test groups when compared with 
the control. Moreover, values of this metal in the 14-day exposed group 
approximately twice as found in the 28-day exposed group. This is 

consistent with all the assessed organs. Values of Ca in the test groups 
(14- and 28-day) in the respective organs are significantly higher than in 
the control. However, the 28-day group produced multiple folds of value 
as found in the 14-day except for the stomach sample where the 14-day 
is approximately half. Values of Pb and Cr are also significantly higher in 
the test group when compared with the control. Similarly, almost none 
of the values presents a double or multiple fold of the other. The 28-day 
group only show a marginal increase when compared with the 14-day 
group. With respect to the data from the lungs, Pb and Cr show a mar-
ginal increase over time as found in the comparison between the 14-day 
and the 28-day groups, Cd decreased, Co and Mn increased in multiple 
(5 and 7 times respectively). Only, Fe and Ni doubly increased in line 
with what might be expected considering the double length of exposure. 
In the brain tissue, only Fe increased doubly while other metals appear 
about the same level at both the 14- and 28-day groups. In the spleen, 
however, Pb and Cr increase are similar to the findings in the lungs, 
whereas Cd, Co, Mn, Fe, and Ni all increased 5, 3, 4, 2, and 3 times 
respectively, showing substantial accumulation from 14 to 28 day of 
exposure. Available data at the 14- and 28-day exposed groups partic-
ularly for the lungs and stomach are interesting when compared with the 

Table 3 
Mean relative femoral weight of experimental animal following exposure to 
cement dust.  

GROUPS TBW(g) MFW(g) MRFW 

CONTROL 168.7 ± 4.1 1.07 ± 0.03 0.7 ± 0.03 
14-DAY 150.7 ± 2.4* 0.97 ± 0.03* 0.64 ± 0.01 
28-DAY 141.0 ± 5.51* 0.73 ± 0.13* 0.51 ± 0.07* 

Only values of the MRFW are presented in mean ± SEM. 
TBW- Terminal body weight; MFW; mean Femoral Weight; MRFW; mean 
Relative Femoral Weight. 

* p < 0.05 are significant when compared with control.  

Table 4 
Weekly percentage mean body weight change induced by 4 weeks exposure to 
cement dust.  

GROUPS WEEK 1 WEEK 2 WEEK3 WEEK 4 

CONTROL 165 ± 26 257 ± 40 373 ± 50 463 ± 58 
14-DAY 98 ± 31* 68 ± 22*   
28-DAY 96 ± 22* 87 ± 26* 152 ± 45* 166 ± 52* 

Values are presented in percentages. 
* p < 0.05 is significant when compared to the control.  

Table 5 
Heavy metal analysis of the various tissues (mg/L) of experimental animals exposed to cement dust.  

PARAMETERS ORGANS 

HEAVY METAL GROUPS LUNGS BRAIN SPLEEN STOMACH 

Pb 
CONTROL 0.03 ± 0.00 0.05 ± 0.01 0.04 ± 0.00 0.03 ± 0.01 
14-DAY 0.95 ± 0.07* 1.05 ± 0.06* 1.29 ± 0.14* 1.02 ± 0.04* 
28-DAY 1.02 ± 0.07* 1.08 ± 0.33* 1.43 ± 0.24* 1.10 ± 0.03* 

Cr 
CONTROL 0.02 ± 0.00 0.06 ± 0.03 0.07 ± 0.01 0.03 ± 0.01 
14-DAY 0.17 ± 0.04* 0.11 ± 0.00 0.12 ± 0.01* 0.12 ± 0.00* 
28-DAY 0.26 ± 0.08* 0.15 ± 0.00* 0.17 ± 0.01* 0.35 ± 0.12* 

Cd 
CONTROL 0.04 ± 0.01 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.01 
14-DAY 0.35 ± 0.05* 0.05 ± 0.02* 0.05 ± 0.01* 0.06 ± 0.01 
28-DAY 0.12 ± 0.07* 0.05 ± 0.01* 0.27 ± 0.03* 0.05 ± 0.01 

Co 
CONTROL 0.02 ± 0.00 0.05 ± 0.00 0.01 ± 0.00 0.11 ± 0.01 
14-DAY 0.16 ± 0.05* 0.44 ± 0.17* 0.20 ± 0.07* 0.39 ± 0.02* 
28-DAY 0.84 ± 0.15* 0.45 ± 0.13* 0.74 ± 0.13* 0.30 ± 0.03* 

Mn 
CONTROL 0.05 ± 0.01 0.00 ± 0.00 0.02 ± 0.01 0.07 ± 0.01 
14-DAY 0.13 ± 0.01* 0.06 ± 0.00 0.04 ± 0.01 0.06 ± 0.01 
28-DAY 0.98 ± 0.00* 0.08 ± 0.0* 0.18 ± 0.08* 0.06 ± 0.01 

Fe 
CONTROL 0.02 ± 0.00 0.16 ± 0.02 0.04 ± 0.00 0.06 ± 0.01 
14-DAY 0.59 ± 0.07* 1.18 ± 0.13* 0.14 ± 0.01* 1.81 ± 0.27* 
28-DAY 1.15 ± 0.00* 2.52 ± 0.22* 0.25 ± 0.02* 3.76 ± 0.33* 

Ni 
CONTROL 0.05 ± 0.01 0.02 ± 0.00 0.00 ± 0.00 0.02 ± 0.00 
14-DAY 0.14 ± 0.01* 0.14 ± 0.01* 0.05 ± 0.02* 0.06 ± 0.01 
28-DAY 0.24 ± 0.01* 0.18 ± 0.01* 0.15 ± 0.02* 0.40 ± 0.08* 

Values are presented as mean ± SEM; *p < 0.05 are significant when compared with control. 

Table 6 
Observed pulmonary histomorphometry of rats exposed to cement dust.  

ALTERATIONS/GROUPS CONTROL 14 DAY 28 DAY 

Alveolar type II Pneumocyte Hyperplasia ̶ þþ þþþ

Alveolar mononuclear cell infiltration ̶ þþ þþþ

Focal Hemorrhage ̶ þþ þþ

Alveolar Septal thickening ̶ þ ̶ þþ

Emphysema ̶ þþ þþ

Periarteitis ̶ þþ þþ

Medial hypertrophy of muscular arteries ̶ þ ̶ þþþ

Eosinophilic Substance ̶ þ ̶ þþ

Fibroblast tissue proliferation ̶ þ ̶ þþ

Fibrinoid Necrosis of blood vessels ̶ þþ þþþ

Oedema ̶ þ ̶ þþ

The observed morphological alteration of the erythrocyte was assessed using the 
grade below: 
̶ : morphological change absent in animals in a group. 
+ ̶ : morphological change rarely found in animals in a group. 
+: morphological change found in some animals in a group. 
++: morphological change common to all animals of a particular group. 
+++: morphological change common to most animals in the exposed groups. 
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control. There was a substantially significant difference between the 
treated and control groups. A more interesting difference is observable 
between the 14-day and 28-day groups. Asides from Co and Mn, all other 
heavy metals assessed in this study follow a similar pattern of bio-
accumulation in the two tissues. 

4. Discussion 

This study presents a standardized form of the earlier presented and 
deployed exposure model [24]. The morphology, operation, and modi-
fication of the model were presented in Fig. 1A, B, and Table 2. It meets 
the need to simplify, substantiate and normalize the suitability of the 
model in the assessment of the systemic effect of inhalable/particulate 
matters. It was deployed in this study to assess the effect of cement dust 
on the respiratory tract; the foremost points of call for investigation in 
aerosol-mediated toxicity. The primitive exposure chamber was fabri-
cated and immediately deployed for use. Initially, it was not clear if the 
chamber would fill the gap of the experimental toxicological evaluation 
model particularly with respect to occupational/residential scale of 
exposure or not. However, subsequent results emanating from the study 
featured a number of pathological manifestations that closely mimic 
those earlier reported in the literature on human subjects in many 
conditions of case reports, questionnaires, interviews, etc. hence, the 
need to standardize the exposure chamber became overtly expedient. 
The “modification” column of Table 2 outlines the advancement of the 
chamber with a view to standardizing it. For the present study, the dust 
generation rate was stabilized at 0.2 g/hr. 

Cement particles have been reported to consist of toxic metals in 
varied proportions [28,29] depending particularly on the raw materials 
used. Nigeria cement dust particles contain very high concentrations of 
heavy metals known to be lethal even at small doses such as Cd, Pb, and 
mercury (Hg) [30]. The significantly high levels of Pb, Cd, Cr, Co, Ni, 
Mn, and Fe observed in the stomach, lungs, heart, and brain tissues of 
the exposed animals confirm intoxication with heavy metallic compo-
nents of the dust. There is a considerable siamese relationship between 
the pattern of heavy metals deposition at the lungs and stomach tissues 
as shown by Table 5. Almost all the heavy metals show a similar trend of 
bioaccumulation, particularly when the test groups are compared. This 
similarity is probably borne out of the anatomical relationship between 
the lungs and the gastrointestinal tract (GIT) as established by the 
mucociliary escalator. The GIT is susceptible to the toxicosis of any 
toxicant found within the upper respiratory tract. Germs, particles, dust, 
and other pollutants in the inspired air are trapped by mucus before the 
mucociliary escalator moves them up and out of the lungs. These ma-
terials can then be removed from the body via coughing or swallowing. 
The latter makes the GIT become vulnerable to the debris moved out of 
the lungs. In the case of this study, the heavy metal-loaded dust removed 
from the lungs may have found its way to the GIT where they stimulate 
similar pathophysiological mechanisms. Similar evidence was recently 
reported by [31] who found significantly high levels of heavy metal in 
visceral organs of rats co-exposed to cadmium and lead, and [32] who 
similarly found significantly high levels of heavy metals in various tis-
sues of snails picked around cement factory. Also, in plant physiology, 
similar evidence has been reported where heavy metallic constituents of 
cement dust have been demonstrated to leach into the soil around 
cement factory site causing a significantly higher proportion of toxic 
metal within the factory neighborhood [2,33,34]. Recently, our labo-
ratory reported an increase in plasma concentration of heavy metals 
following exposure to cement particles [24]. The present study provides 
the first evidence using experimental animals that cement dust could 
trigger heavy metal bioaccumulation in living tissues. After heavy metal 
intoxication; sequestration and bioaccumulation precede a number of 
pathological manifestations [35] as they are not easily metabolized or 
excreted [36]. Apart from Cd, Pb, and Hg that are known to elicit sys-
temic toxicities even at low concentrations [37,38], most divalent cat-
ions have been implicated in effective cytophysiology as they participate 

in most intracellular activities such as oxidative phosphorylation, 
enzymatic activities, nucleic acid, and protein synthesis, membrane 
stabilization, and transport. However, regulation of their relative bio-
logical abundance and bioavailability is a requirement for the effective 
functioning of the cell. Asides from the sole toxicities of heavy metals, 
their influx into the cell as typified by cement dust exposure is delete-
rious as they compete for transporters with essential trace elements 
especially when they exceed the homeostatically tolerable limit [39,40]; 
thereby leading to loss of function as a result of deficiencies of essential 
minerals [41]. 

Clinical presentations are often indicators of systemic toxicity. The 
observed clinical signs following exposure in this study confirm the 
systemic toxicity of cement dust. The animals exhibited vigour at the 
initial stage of the study exploring every accessible point within the 
apparatus including the top of the subchamber. The fabricated chamber 
differs significantly in internal morphology and space from the plastic 
cages they were housed. This answers for the rambunctious behavior 
initially exhibited by the animals. However, towards the end of the 
experiment, they appeared docile, hypoactive, and anorexic constantly 
maintaining a stationary position. This could be due to the stress accu-
mulation occasioned by the exposure to the dust or perhaps due to 
anorexia. The mortality of one animal which occurred while the expo-
sure was ongoing may be due to multi-organ failure caused by the acute 
effect of the heavy metal in the dust. The observed laboured breathing 
and frequent sneezing are suggestive of respiratory distress induced by 
cement dust. 

The source of bodily functions, regulation, and integration is the 
central nervous system (CNS) being principally composed of the brain 
and the spinal cord. It gathers information from far and near extremities 
for coordination and control. Maintenance of gait, posture, and coor-
dination of movement right from thought to execution are all the 
functions of the CNS. Dyskinesia and other poor movement coordination 
resembling hemiballism, abnormal posture, and hypoactivity as 
observed in this study following the exposure to cement dust indicate a 
central nervous disorder. The dermal route is one of the major routes of 
exposure to cement aerosol; others being inhalation and gastrointestinal 
routes. Since cement dust is an airborne toxicant, the skin, by virtue of 
its large surface area remains the most affected. It quickly settles on the 
skin and exerts topical effects with toxicoses yet to be studied in detail. 
In this study, exposure to cement dust may be responsible for the 
integumentary degradation as marked by increased fur lability. It was 
evident that more than one animal showed signs of loss of fur at the 
cephalic region at different times during the study. 

Abnormal body weight change is considered a veritable toxicity 
index [42–44]. Similarly, organ weight is an indicator of the physio-
logical or pathological condition of experimental animals [45,46]. There 
was a significant reduction in weekly body weight gain which is in 
contrast with an increase in the relative visceral organs (stomach, 
spleen, lungs, and brain) weights of the exposed groups when compared 
with the control (Fig. 4A-F). Although daily food intake was not 
assessed, the exposed and the control were equally allowed free access to 
food and water. The weight discrepancies observed in this study may 
either be due to anorexia or the direct systemic toxicity induced by the 
dust. The foregoing is expected since visceral organs are directly 
exposed to the deleterious effect of toxicants [47]. Most organs have the 
ability to sequester heavy metals following entry into the body [35]. 
This finding is in concert with several other findings [48–50]. Also, [51] 
in their study involving exposure of experimental animals to silica found 
significantly higher lung weight of the exposed animals when compared 
with the control. The condition of organomegaly observed in this study 
is an indication that the exposed rats bioaccumulated the heavy metals. 
The latter which is a condition typical of heavy metal toxicity remains an 
inevitable precursor to pathological manifestations especially during 
carcinogenesis [52]. 

Bone density changes have been shown to inversely correlate with 
heavy metal toxicity (Hee-Sook et al., 2016). Bone has been regarded as 
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one of the major target sites for heavy metal toxicosis [53–55]. Heavy 
metals such as Pb and (Cd) which accumulate in the bone matrix can 
store up significantly and displaced calcium, leading to bone deminer-
alization, and in the process makes the bone susceptible to osteoporosis. 
Even though the comprehensive and holistic explanation is not yet 
available in the literature, exposure to a higher concentration of Cd 
alone has been strongly linked to lower bone densities, decrease 
trabecular number and decrease thickness [53,55,56]. Co-exposure to 
Pd and Cd stimulates bone histopathological damage [57]. As the largest 
bone in the body, the decrease in femoral density observed in this study 
suggests the possibility of chelation of essential minerals like calcium 
from the bone matrix causing mineral imbalance which may eventually 
predispose the bone to osteoporosis. Low bone density observed in this 
study does not only corroborate but is also suspected to be responsible 
for the low body weight gain observed in the exposed groups. 

Pulmonary tissue reaction to dust particles is known to be dependent 
on a number of factors such as the composition of the dust, the length of 
exposure, and the immunological status of the exposed [58]. Of more 
significance is the composition of cement dust owing to its multi-heavy 
metallic composition. Pneumoconiosis was grossly observed in the lung 
tissue of the exposed groups (Fig. 2D-F) when compared to the control 
(Fig. 2C). The topical pulmonary effect of the dust culminates the 
observed pneumoconiosis; the fibrogenic tendency of the dust is thereby 
suspected. The onset of the pneumopathology may be the stimulus for 
the respiratory distress observed in some of the exposed animals as they 
show irregular and laboured breathing. The clinical signs of toxicity 
observed in this study show a wide range of semblance with the path-
ological manifestations that accompany occupational exposure to 
cement dust [12,16,59,60]. In addition, the serosal surface of the lungs 
shows signs of infarction (Fig. 2F). This is suggestive that exposure to 
cement dust may significantly affect blood supply at the organ level. 
Cytoarchitectural investigations play a significant role in establishing 
pathological alterations at the tissue level following exposure to toxi-
cants. It gives reliable information about the extent of degradation in 
exposed tissues difficult to be observed macroscopically, cellularly, or 
even with the aid of subcellular biomarkers [61]. Pulmonary histo-
pathological disruptions after exposure to cement dust had been earlier 
reported by a study of in-situ exposure [10] where inflammation, dis-
rupted bronchiole and bronchus, and degenerated the epithelial lining 
were observed. Fig. 3A–F shows an array of histopathological alterations 
while Table 6 shows the frequency and severity of the observed alter-
ations secondary to cement dust exposure. The black arrow in Fig. 3D 
shows infiltration of inflammatory cells. Inflammatory cells play sig-
nificant roles in the development and healing of either chemical or 
topical injuries. Analogous to any condition of heavy metal intoxication, 
infiltration of inflammatory cells is considered a reliable yardstick for 
the assessment of the pathogenesis of heavy metal-induced toxicosis as 
they are known to produce and release pro-inflammatory cytokines, 
proteolytic enzymes, reactive oxygen, and nitrogen species [62]. 
Neutrophilic infiltration is known to precede the cascade of mechanisms 
that herald injuries on tissues. Hence, the histopathological changes 
observed in this study which feature inflammatory cell and mononuclear 
cell infiltration are indicators of the pro-inflammatory tendency of the 
dust. Meanwhile, according to Balduzzi and colleagues, crystalline silica 
elicits inflammatory cell production which ultimately leads to free 
radical generation [63]. The respiratory distress observed in the exposed 
animals may be due to the free radicals generated via the topical pul-
monary effect of crystalline silica, a major compound constituent of 
cement dust, or by the inflammatory cell infiltration observed in the 
histoarchitectural alteration above. The “black arrow” in Fig. 4B depicts 
alveolar hyperplasia in the lung tissues. This condition is suggestive of 
the proliferative reaction of pulmonary tissue to the dust; a notable 
characteristic of the onset of carcinogenesis. Howbeit, [64] and [65] had 
established the positive correlations between cancer of the respiratory 
system and the length of cement dust exposure period, the literature has 
been devoid of laboratory-based support for the claim. Air space 

enlargement is an early sign of emphysema. 

5. Conclusion 

This study provides a standardized laboratory-based experimental 
model of exposure for investigation on cement dust toxicity. It generally 
revealed heavy metal bioaccumulation and histoarchitectural alteration 
as organ damaging mechanisms with respect to the respiratory system. 
The exposure apparatus has been modified and standardized to mimic 
the cement factory environment and host communities of cement fac-
tories alike who are equally vulnerable to cement dust toxicities as 
occupationally exposed individuals. The results from this study add to 
the relatively few experimental-based data available on cement dust and 
therefore advance the existing claims of its toxicity. The pathogenesis of 
cement dust-induced toxicities is not limited to bioaccumulation of the 
heavy metal content of cement dust but also includes organomegaly and 
pneumopathological alterations. Further studies on the toxicosis of 
cement dust are hereby encouraged in order to validate the epidemio-
logical reports in the literature on cement dust-induced pathologies and 
to incite policies geared towards the protection of occupationally and 
geographically exposed individuals. 
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