


Pulmonary and Inflammatory Health Effects of Long-Term Gypsum Dust Exposure: A Comparative Study in Calabar Municipality, Nigeria


ABSTRACT 

	Airborne particulate matter (PM) poses significant health risks to individuals exposed to occupational and environmental pollutants such as calcium sulfate dihydrate (CaSO₄·2H₂O), particularly to the respiratory system. This study assesses the impact of long-term inhalation of CaSO₄·2H₂O dust on lung function and inflammatory biomarkers among exposed individuals in Calabar Municipality, Cross River State, Nigeria. A total of 80 adult subjects were enrolled, and groups were assigned. Exposed individuals were assigned Group I, while non-exposed individuals were assigned Group II. Pulmonary function was performed using a Vitalograph, while ELISA kits were used to assess inflammation. The exposed group demonstrated a decrease in key pulmonary parameters such as FEV₁, FEV₁%, and PEFR compared to the control group. Conversely, respiratory rate and minute volume were elevated in the exposed group relative to controls. Inflammatory biomarker levels were significantly (P<0.001) elevated in the exposed group, compared to controls. A significant increase was observed in FVC, respiratory rate, and minute ventilation, which may suggest compensatory respiratory mechanisms. Serum levels of CRP and IL-6 were significantly elevated in the exposed group, confirming the presence of systemic inflammation associated with dust inhalation. The exposed group demonstrated a decrease in key pulmonary parameters compared to the control group. These findings indicate that chronic exposure to calcium sulfate dihydrate dust is associated with reduced lung function and an obstructive respiratory pattern. This is revealed in the reduce Spirometric volume. The findings from this study indicate that chronic exposure to calcium sulfate dihydrate dust is associated with reduced lung function and an obstructive respiratory pattern. These outcomes emphasize the urgent need for effective dust control measures, personal protective equipment usage, and regular medical monitoring for workers in dust-prone environments to prevent long-term respiratory complications.
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INTRODUCTION
Airborne particulate matter (PM) poses significant health risks, particularly to individuals exposed to occupational and environmental pollutants. Calcium sulfate dihydrate (CaSO₄·2H₂O), commonly known as gypsum, is widely used in construction, agriculture, and industrial applications. Prolonged exposure to its dust can lead to respiratory complications and systemic inflammation, potentially predisposing individuals to chronic respiratory diseases (Ghazali et al., 2019). In Calabar Municipality, where gypsum-related activities such as cement production and construction are prevalent, workers and residents may face prolonged exposure to its inhalable particles, raising concerns about potential health effects. The exposure of industrial workers to airborne particulate matter remains a significant occupational health concern worldwide. Among these particles, calcium sulfate dihydrate (gypsum) has received comparatively less attention despite its extensive industrial usage in construction, agriculture, and manufacturing. While calcium sulfate dihydrate is considered less toxic than substances such as silica or asbestos, chronic exposure to its fine particles can cause adverse health effects. When heated, calcium sulfate hemihydrate (CaSO₄·½H₂O) is used to make plaster of Paris, which is widely used for making molds and sculptures and for building materials. It's a primary component in drywall, a key construction material for walls and ceilings (Bohner, 2020). It’s used as a soil conditioner to improve soil structure and reduce acidity. It provides essential nutrients like calcium and sulphur for plant growth. In food industries, it acts as a firming agent and coagulant, especially in products like tofu. In the EU, it's recognized as food additive E516 (FDA, 2022). It is also used in medicine for bone grafts and dental molds due to its biocompatibility and ability to support bone growth (Bohner, 2020). For water treatment, it helps remove fluoride and other impurities from water through precipitation reactions (MWH, 2005). Calcium sulfate dihydrate (CaSO₄·2H₂O) was found in nature mostly as gypsum (CaSO₄·2H₂O) and anhydrite (CaSO₄). Major deposits exist in countries like China, Iran, Thailand, and the United States. Often occurs in sedimentary rock formations, particularly in evaporite deposits, where seawater has evaporated (USGS, 2020).
When inhaled, particulate matter, including gypsum, can deposit along the respiratory tract, bypassing natural defense mechanisms such as mucociliary clearance. Over time, this can provoke localized inflammation and systemic immune responses. Inflammatory biomarkers, such as C-reactive protein (CRP), Interleukin-6 (IL-6), and Tumor Necrosis Factor-Alpha (TNF-α), serve as key indicators for systemic inflammation. Concurrently, the respiratory minute volume, measuring the total volume of air inhaled and exhaled per minute, can indicate functional impairments in the respiratory system due to particulate matter exposure. Inflammatory biomarkers play a crucial role in assessing the physiological response to airborne pollutants. Biomarkers such as C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α) have been identified as indicators of systemic inflammation linked to respiratory distress and cardiovascular risks (Sharma et al., 2021). These markers provide insight into the body’s response to chronic exposure to particulate matter, including gypsum dust. Several studies have shown that individuals exposed to high levels of dust pollutants exhibit increased levels of these biomarkers, which are associated with conditions like chronic obstructive pulmonary disease (COPD) and asthma (Kim et al., 2020). Respiratory minute volume (RMV) is a vital physiological parameter that reflects pulmonary function by measuring the volume of air exchanged per minute. Studies have indicated that exposure to airborne pollutants can lead to alterations in RMV, potentially indicating impaired lung function due to airway inflammation and obstruction (Adetona et al., 2016). Long-term exposure to gypsum dust could lead to increased respiratory workload, reduced lung compliance, and an increased risk of chronic respiratory disorders among exposed individuals. Despite existing research on occupational exposure to dust, limited studies have specifically examined the impact of calcium sulfate dihydrate inhalation on inflammatory biomarkers and respiratory parameters in local populations such as those in Calabar Municipality. This study aims to compare the levels of inflammatory biomarkers and RMV between individuals with long-term exposure to gypsum dust and non-exposed individuals, thereby providing critical data for public health policies and occupational safety regulations.
material and methods 
Materials
Chemicals and Reagents
The following chemicals and reagents were used in this study:
i. C-Reactive Protein (CRP) ELISA Kit (for inflammatory biomarker analysis)
ii. Interleukin-6 (IL-6) and Tumor Necrosis Factor-Alpha (TNF-α) ELISA Kits
iii. Eosinophil Staining Reagents (Wright’s stain for eosinophil count)
iv. Phosphate-buffered saline (PBS) (for sample dilution and washing steps)
v. EDTA-treated vacutainer tubes (for blood sample collection)
vi. Calcium sulfate dihydrate (CaSO₄·2H₂O) dust samples (collected from construction sites in Calabar Municipality)
vii. Sodium chloride (NaCl) solution (for animal hydration and electrolyte balance)
viii. Ethanol and formalin (for tissue fixation in histological analysis)
ix. Spirometer or respirometer (for respiratory minute volume measurements)
Study subject
The study focuses on adult individuals who have been exposed to long-term inhalation of calcium sulfate dihydrate dust in Calabar Municipality, Cross River State, Nigeria. A control group of individuals with minimal or no exposure was included for comparison.
Sample size
The sample size was determined using the sample size formula by Slovin (1960)
Ethical approval
Ethical consent was obtained from the Ministry of Health, Health Research Ethics Committee (HAEC), Calabar, Cross River State
Experimental Design
The total number of subjects for the study was divided into two groups, A and B, where group A would comprise subjects and group B would comprise the control.
Methods
Evaluation of respiratory minute volume and assessment of inflammatory biomarkers was done according to the method of West (2021).  A vitalograph spirometer (Alpha 6000, UK) was used to assess lung function, basic physiological indices such as respiratory minute volume, and assessment of inflammatory biomarkers. We ensured the patient sat in a comfortable position. After which the subject was instructed to take a deep breath in and exhale forcefully into the vitalograph as hard and fast as possible until no more air could be expelled. The test was repeated at least three to five times to ensure reproducibility. Venous blood was obtained from the subject using a 2 mL syringe into the EDTA bottle. ELISA kits were used to analyze inflammatory biomarkers using the manufacturer’s protocol provided in the kits. 
A nebulizer was used to aerosolize histamine in increasing concentrations.
Calcium sulfate dihydrate (CaSO₄·2H₂O) was inhaled while inhaling histamine in a controlled manner.
Sample Collection and Preparation
Blood samples were collected from two groups:
i. Exposed group: Workers ranging from 15-40 years with ≥5 years of occupational exposure to calcium sulfate dihydrate dust.
ii. Control group: Individuals with minimal or no exposure.
Procedure:
i. 5 mL venous blood was drawn using sterile syringes and collected into EDTA tubes.
ii. Plasma was separated via centrifugation (3000 rpm for 10 minutes) and stored at −20°C until analysis.
iii. Serum inflammatory markers (CRP, IL-6, TNF-α) were quantified using ELISA kits.
iv. Eosinophil counts were determined using hemocytometry and Wright’s staining.
Statistical analysis
All data were presented as mean ± standard error of the mean. Paired t-tests were used to compare pre- and post-exposure results, and Pearson’s correlation coefficient was used to assess the relationship between exposure duration and changes in lung function; a level of P≤0.5 was considered statistically significant.  
RESULTS 
This study assessed the inflammatory biomarkers and some demographic and lung function parameters of people exposed to calcium sulphate dihydrate in Calabar Municipality, Cross River State. The results were compared and presented as standards error of mean (SEM). 
Comparison of demographic parameter 
The mean value of age, weight, height, and body mass index was presented as ± age, weight, height, and body mass index respectively. There was no significant difference at (p<0.001).
AGE: Result of the mean value of age in the control and test subject was presented as 26.35 ± 0.23 and 27.00 ± 0.34, respectively. There was no significant difference between the test and control groups.
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WEIGHT: The mean value of weight in the control and test subjects was presented as 66.20 ± 0.42 and 66.54 ± 0.25, respectively. There was no significant difference between the test and control groups. 
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HEIGHT: The result of the mean value of height in the control and test subjects was presented as 1.67 ± 0.00 and 1.68 ± 0.00, respectively. There was no significant difference between the test and control groups. 
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Body Mass Index: The mean value of Body Mass Index in the control and test subjects was presented as 23.86 ± 0.17 and 23.50 ± 0.18, respectively. There was no significant difference between the test and control groups.
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Comparison of spirometric parameters 
Comparison of forced vital capacity: The result of the mean value of forced vital capacity (FVC) in the control and test subjects was presented as 3.04 ± 0.05 and 3.26 ± 0.03, respectively. There was a significant difference in the test group (p<0.001).
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Comparison of forced expiratory volume in one second: The result of the mean value of forced expiratory volume in one second (FEV1) in the control and test subjects was presented as 2.49 ± 0.04 and 2.23 ± 0.02, respectively. There was a significant difference in the test group (p<0.001).
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Comparison of forced expiratory volume in one second percent: The result of the mean value of forced expiratory volume in one second percent (FEV1%) in the control and test subjects was presented as 72.01 ± 1.21 and 68.86 ± 0.87, respectively. There was a significant difference in the test group (p<0.001).
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Comparison of peak expiratory flow rate: The result of the mean value of peak expiratory flow rate in the control and test subjects was presented as 239.46 ± 3.83 and 221.94 ± 2.37, respectively. There was a significant difference in the test group (p<0.001).
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Comparison of lung function parameters
Comparison of concentration of C-reactive protein: The result of the mean value of concentration of C-reactive protein in the control and test subjects was presented as 0.68 ± 0.03 and 1.35 ± 0.04, respectively. There was a significant difference in the test group (p<0.001).
[image: ]
Comparison of concentration of interleukin-6: The result of the mean value of concentration of interleukin-6 in the control and test subject was presented as 0.50 ± 0.02 and 0.58 ± 0.01 respectively. There was a significant difference in the test group (p<0.001).
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[bookmark: _Hlk235575793]Comparison of respiratory rate: The result of the mean value of respiratory rate in the control and test subjects was presented as 12.44 ± 0.34 and 13.52 ± 0.21, respectively. There was a significant difference in the test group (p<0.001).
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Comparison of respiratory minute volume: The result of the mean value of respiratory minute volume in the control and test subject was presented as 6.22 ± 0.17 and 6.76 ± 0.11 respectively. There was a significant difference in the test group (p<0.001).
[image: ]Correlation of duration of lung parameters
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DISCUSSION 
The results of this study demonstrate that long-term exposure to calcium sulfate dihydrate (CaSO₄·2H₂O) dust significantly impacts respiratory function and induces systemic inflammation in exposed individuals. Despite the absence of significant differences in demographic variables such as age, weight, height, and body mass index, clear physiological alterations were observed in the test group compared to the control group. Lung function indices revealed a significant reduction in forced expiratory volume in one second (FEV₁), FEV₁%, and peak expiratory flow rate (PEFR), alongside an increased forced vital capacity (FVC) in the exposed group. This pattern may suggest early signs of obstructive and restrictive pulmonary changes, which have also been reported in similar occupational settings involving inhalation of mineral and dust particles (Ahmed et al., 2022). A reduced FEV₁ and FEV₁% indicate airflow limitation, which could be due to chronic inflammation or airway remodeling caused by prolonged dust inhalation (Ezenwa et al., 2023). The elevation in FVC, although paradoxical, may reflect a compensatory mechanism or could be influenced by hyperinflation, which often accompanies obstructive airway diseases (Ibrahim et al., 2021).
Furthermore, the study reported elevated levels of inflammatory biomarkers, specifically C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α), in the test group. These biomarkers are known indicators of systemic inflammation and are often elevated in individuals with chronic exposure to respiratory irritants (Okoro et al., 2020). The significant rise in CRP and IL-6 levels supports the hypothesis that inhalation of calcium sulfate dihydrate dust triggers systemic inflammatory responses, which can potentiate respiratory symptoms and long-term pulmonary complications. This aligns with findings from recent studies that link particulate exposure in occupational environments to heightened inflammatory responses (Zhou et al., 2021; Musa et al., 2023).
Additionally, there was a significant increase in respiratory rate and minute ventilation in the exposed group. This could be due to compromised gas exchange efficiency and an increased respiratory drive as a compensatory response to impaired lung function. Increased respiratory minute volume may also indicate a sustained physiological response to chronic exposure, as suggested by Oyebamiji et al. (2022), who found similar trends in workers exposed to construction and industrial dust. These findings highlight the occupational health risks associated with prolonged exposure to construction-related dusts such as calcium sulfate dihydrate. The observed physiological and biochemical alterations show the need for improved protective measures and regular health surveillance among workers in dust-prone environments. The consistency of these results with other contemporary studies further strengthens the evidence that mineral dust exposure is a significant contributor to pulmonary dysfunction and systemic inflammation (Nwachukwu et al., 2024; Chen et al., 2020).
Conclusion
This study has demonstrated that long-term occupational exposure to calcium sulfate dihydrate (CaSO₄·2H₂O) dust is associated with significant impairments in pulmonary function and elevated levels of systemic inflammatory biomarkers. While demographic variables such as age, weight, height, and body mass index showed no significant differences between the exposed and control groups, critical respiratory indices including FEV₁, FEV₁%, and PEFR were markedly reduced in the exposed group. Additionally, increased levels of C-reactive protein (CRP) and interleukin-6 (IL-6) confirmed the presence of underlying inflammatory responses, which may contribute to the progression of respiratory conditions over time. These result underscore the detrimental health effects of prolonged dust inhalation and the importance of implementing protective interventions in occupational settings where dust exposure is prevalent.
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Definitions, Acronyms, Abbreviations
CaSO₄·2H₂O — Calcium sulfate dihydrate
CaSO₄·½H₂O — Calcium sulfate hemihydrate
CaSO₄ — Calcium sulfate
CRP — C-reactive protein
COPD — Chronic obstructive pulmonary disease
ELISA — Enzyme-linked immunosorbent assay
EDTA — Ethylenediaminetetraacetic acid
EU — European Union
FDA — U.S. Food and Drug Administration
FEV₁ — Forced expiratory volume in one second
FEV₁% — Forced expiratory volume in one second percentage
FVC — Forced vital capacity
HAEC — Health Research Ethics Committee
IL-6 — Interleukin-6
MWH — Montgomery Watson Harza
NaCl — Sodium chloride
NIH — National Institutes of Health
PBS — Phosphate-buffered saline
PEFR — Peak expiratory flow rate
PM — Particulate matter
RMV — Respiratory minute volume
SEM — Standard error of the mean
TNF-α — Tumor necrosis factor-alpha
USGS — United States Geological Survey
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Figure 3: Comparison of mean height of control and test subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 4: Comparison of body mass index of control and test 

subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 5: Comparison of forced vital capacity (FVC) of control and 

test subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 6: Comparison of forced expiratory volume in one second 

(FEV1) of control and test subjects.



Values are expressed as mean +SEM, n = 54.

*** = p<0.001 vs control

0

0.5

1

1.5

2

2.5

3

Subject

FEV1 (L)

Control Test

***


image7.emf
Figure 7: Comparison of forced expiratory volume in one second 

percent (FEV1%) of control and test subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 8: Comparison of peak expiratory flow rate of control and 

test subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 9: Comparison of concentration of C-reactive peotein in 

control and test subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 10: Comparison of concentration of interleukin-6 in control 

and test subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 11: Comparison of respiratory rate in control and test 

subjects.



Values are expressed as mean +SEM, n = 54.
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Figure 12: Comparison of respiratory minute volume in control and 

test subjects.



Values are expressed as mean +SEM, n = 54.
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FIG. 13: Relationship between forced vital capacity and duration 

of service
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FIG.14: Relationship between forced expiratory volume and 

duration of service
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FIG.15: Relationship between forced expiratory volume in one 

second percent (FEV1%) and duration of service
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FIG.16: Relationship between peak expiratory flow rate (PEFR) 

and duration of service
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Figure 1: Comparison of mean age of control and test subjects. 



Values are expressed as mean +SEM, n = 54.

No significant difference between groups

0

5

10

15

20

25

30

Subject

Age (year)

Control Test


image2.emf
Figure 2: Comparison of mean body weight of control and test 

subjects. 



Values are expressed as mean +SEM, n = 54.
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