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INTRODUCTION 
 
Hexavalent chromium (Cr⁶⁺) is a heavy metal that is hazardous 
to the environment and to worker’s health and is present in 
cement (Alvarez et al., 2021). Because of its toxic and 
carcinogenic properties, regulatory agencies have prohibited 
the presence of Cr⁶⁺ in cement in the European Union to at 
most 2 mg/kg (Lejding et al., 2023). Still, in countries with 
lower regulatory standards, Cr⁶⁺ contaminations present an 
issue with cement, taking it to the environmental pollution and 
human health risks (Rauf et al., 2021). Cr⁶⁺ in cement is present 
due to raw material composition and high temperature kiln 
processes where trivalent chromium (Cr⁳ ⁺) is oxidized to its 
more toxic hexavalent form (Mohammadi & Azimi, 2022). 
There are significant variations in Cr⁶⁺ level
regions within which cement is produced from highly 
industrialized regions, and the cement produced in areas with 
high industrialization levels are often more contaminated (Wu 
et al., 2025). Cement manufacturing in Libya is important for 
infrastructure development and not much is known about the 
level of Cr⁶⁺ contamination in local cement products (Idris 
al., 2025). Cr⁶⁺ levels in cement are of particular importance 
because of Libya’s increasing rate of urbanization and 
industrial activity as it has potential health and environmental 
risk (Ulutaş, 2023). The direct skin contact and cement dust can 
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ABSTRACT  

Hexavalent chromium (Cr⁶⁺) is a highly toxic heavy metal in cement which has serious effect on the 
health of workers and consumers. The purpose of the study was to make the estimation of amount or 
percentage of Cr⁶⁺ in cement sample from five cement factories of Libyan cement indust
Measurements of 40 samples of cement (by 40 samples) in the diphenylcarbazide mode using a total 
of 40 samples were made by UV-Vis spectrophotometry. The range of Cr
to 6.72 mg/kg with a mean of (3.45 ± 1.62) mg/kg. However, European Union acceptable limit levels 
for 2 mg/kg were exceeded by the highest contaminated cement factory which was the Al Fataih 
Cement Factory (5.87 ± 1.13 mg/kg) and 37.5 percent of these factories (15 of 40) exceeded the 
European Union accepted limit. It was determined by a one way ANOVA test (F = 14.62, p < 0.001) 

⁶⁺ concentrations between factories that there were significant differences (p < 0.001). 
Additionally, Cr⁶⁺ levels were also correlated with kiln temperature (r = 0.78, p < 0.001) and
higher production temperatures were considered to have contributed to condensation. Of these 
samples, 62.5% conformed to safety standards, but the other 37.5% in excess of regulatory limits, 
which pose a health hazard. Libyan cement factories must therefore take additional steps to limit Cr
contamination. 
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lead to severe dermatological and respiratory problems 
among people working in the construction and nearby 
cement production factory people (
Additionally, excessive discharge of cement based waste 
can also lead to contamination of groundwater which can 
then augur the heavy metal pollution in urban environment 
(Zaynab et al., 2022). As stated above, researchers have 
looked into a number of mitigation methods, like 
immobilization utilizing self compacting soil technology 
(Rudzionis et al., 2022) and the sequestration of biochar 
(Kurimoto et al., 2023). Despite that, these methods have 
not yet been demonstrated effective in 
concentrations in cement.  
 
The purpose of this study is to evaluate the Cr
concentration in the cement samples from Libyan factories 
compared with the international regulatory standards. 
Moreover, it aims at assisting in the analysis of th
impact of kiln temperature as well as raw composition on 
Cr⁶⁺ formation, and evaluating potential mitigation measures 
to limit Cr⁶⁺ formation and associated contamination risks. 
By dealing with these factors the study aids the 
understanding of heavy metal pollution in Libyan 
construction sector and suggests the sustainable approach to 
be adopted for safer cement production.
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MATERIALS AND METHODS  
 
Sample Collection: Systematically, cement related samples 
was collected from five cement factories in Libya to obtain 
representative and accurate estimation of hexavalent chromium 
(Cr⁶⁺). For the sampling process, many stages of cement 
production such as raw material intake, clinker formation, and 
final cement production were taken into account. Additionally, 
dust and effluent samples were collected from factory 
surroundings to check possible environmental pollution. 
Raw material samples of limestone, clay, gypsum, and less and 
older fluorescent lamps were collected initially, prior to the 
production process from stockpiles. The choice of these 
materials was based on their natural variability of chromium 
content, which change chromium content that affect the 
formation of chromium species Cr⁶⁺ during cement 
manufacture. Composite samples from different parts of the 
stockpiles were taken to sample at various parts of the 
stockpiles and ensure that variations within each batch were 
included. 
 
Collection of clinker and cement samples from production lines 
during periods of time was made to observe any changes in 
chromium concentration during processing. Cement samples 
were taken from finished product storage silos, while the 
samples of clinker were obtained directly from the kiln exit and 
cooler. External interference of chromium content was avoided 
by performing the collection in clean, dry, and contamination 
free containers. Samples were further processed to ensure 
homogeneity, therefore each was mixed thoroughly. 
Environmental samples (dust and effluent discharge points) 
were also obtained from both cement plants and production 
materials. Dust was collected from electrostatic precipitators 
and bag filters as well as from surfaces near cement kilns. Also 
included in the study were water samples from wastewater 
treatment units to assess whether chromium was leached. As a 
defense to maintaining the integrity of the collected samples, 
all materials collected were stored in airtight polyethylene 
containers with essential dates, location, and sample type. 
Then, samples were transported under controlled condition to 
the laboratory for further preparation and analysis. 
 
Reagents and Chemicals: Thus, in order to carry out accurate 
and reproducible analysis of hexavalent chromium (Cr⁶⁺) in 
cement samples, high purity reagents and chemicals had to be 
used. All chemicals used in this study were of analytical grade 
to minimize the contamination and to increase the precision of 
the data. 1,5 Diphenylcarbazide (DPC) that is a colorimetric 
reagent for Cr⁶⁺ determination forming purple complex with 
hexavalent chromium; spectrophotometric measurement is a 
key reagent for determination of Cr⁶⁺. The DPC reagent was 
made up by complete dissolution in a mixture of acetone and 
sulfuric acid to achieve complete dissolution and stability. The 
pH of the reaction medium was adjusted with the addition of 
sulfuric acid (H₂SO₄) and phosphoric acid (H₃PO₄) leading to 
the favorable conditions for complex formation. Hexa valent 
chromium standard solutions were made with potassium 
dichromate (K₂Cr₂O₇), a known stable and characterised 
compound, to set up a calibration curve to determine Cr⁶⁺. The 
standard solutions were diluted to different concentrations 
using deionized water, thus creating a standard for absorbance 
measurements in the spectrophotometer. Alkaline leaching 
agents of solid samples for Cr⁶⁺ extraction were sodium 
carbonate (Na₂CO₃) and sodium bicarbonate (NaHCO₃). By 

using these reagents, hexavalent chromium could be 
solubilized and not reduced to the trivalent form. Also used for 
total chromium analysis were aqua regia, a mixture of 
concentrated HCl and HNO₃, used to fully digest cement 
samples to release all chromium species for instrumental 
analysis. During the experiment buffers were used to control 
the pH during extractions and analysis. Reagents and sample 
dilution were prepared and performed using high purity 
deionized water in order to reduce the chances of 
contamination. Freshly prepared chemical solutions were used 
for measurement, stored in an appropriate manner to achieve 
stability and accuracy. 
 
Sample Preparation: All collected samples were prepared 
through standardized process prior to analysing chemicals to 
ensure accurate estimation of hexavalent chromium (Cr⁶⁺) 
levels in cement factories. In this step, drying, grinding, 
homoginization and extraction were performed to ensure the 
consistency and reproducibility in measurements. 
 
Drying and Moisture Removal: Initially, moisture content (at 
least 10%) was removed from all solid samples; raw materials, 
clinker and cement in order to prevent interference during 
chromium extraction and quantification. In order to remove 
residual water without altering the chemical composition of 
chromium species, the drying process was conducted in a 
laboratory oven at 110°C for 24 hours. The samples were dried 
and cooled to room temperature in a desiccator to minimize 
reabsorption of moisture. 
 
Grinding and Homogenization: Samples were finely ground 
to moisture content once dried to obtain a more homogeneous 
sample and improve chromium extraction efficiency. For this 
purpose, a ball mill was used to grind the samples to a particle 
less than 75 µm, as advocated by the strictest and best 
spectrophotometric as well as instrumental analysis. Then the 
material was passed through a sieve having 75 µm mesh to 
ensure uniformity of the material. The sieve had any particles 
that didn’t pass through it reground until it was to the desired 
consistency. To minimize compositional variation across the 
samples they were thoroughly mixed and pulverized. 
 
Storage and Contamination Prevention: To avoid 
contamination and oxidation of chromium species, prepared 
samples were placed into airtight polyethylene containers 
labelled with all essential data regarding sample type, 
collection location, and date. Before analysis, the chemical 
composition of the containers were prevented from changing 
through keeping them in a cool, dark environment. 
 
Extraction of Hexavalent Chromium (Cr⁶⁺): An alkaline 
leaching method was used to selectively extract Cr⁶⁺ at the 
expense of reducing it to trivalent chromium (Cr³⁺).The 
extraction solution used was a mixture of 0.5M sodium 
carbonate (Na₂CO₃), 0.1M sodium bicarbonate (NaHCO₃) that 
kept the pH of 8.5–9.5 to prevent Cr⁶⁺ from being oxidized in 
the solution. Each prepared sample was accurately weighed by 
an analytical balance and a 2.0 g portion of prepared sample 
was transferred to a 250 mL Erlenmeyer flask and 100 mL of 
excess extraction solution were added. Flask was then placed 
on mechanical shaker at 200 rpm for 1.0 hr at 25C to ensure 
that Cr⁶⁺ is completely leached into the solution. The solution 
is then filtered by using a 0.45 µm membrane filter to remove 
solid residues. As the filtrate was immediately analyzed to 
avoid oxidation or reduction of chromiums species. 
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Acid Digestion for Total Chromium Analysis: For total 
chromium determination, a strong acid digestion using aqua 
regia, a mixture of concentrated hydrochloric acid (HCl) and 
nitric acid (HNO₃) in a ratio of 3 to 1 was performed. To run 
an acid digest, a 1.0g sample was placed in a Teflon digestion 
vessel and 10 ml of aqua regia added. The matrix of the vessel 
was completely broken down and all chromium species 
released through microwave assisted digestion at 180°C for 30 
minutes as a seal. The solution was then after digestion cooled 
and it was diluted to 50mL with deionized water for 
spectrophotometry or ICP-MS analysis. The consistency by 
which these preparation steps were completed ensured that all 
samples were treated the same and maintained chromium 
species integrity so that precise quantification of hexavalent 
and total chromium could be done of cement factory materials. 
 
Hexavalent Chromium Analysis: A spectrophotometric 
method based on 1,5-diphenylcarbazide (DPC) complexation 
was used for quantification of hexavalent chromium (Cr⁶⁺) in 
samples of cement. This method depends on the reaction of 
Cr⁶⁺ with DPC in an acidic media and the formation of a purple 
colored complex at the end of the selectivity reaction which 
can be measured by a UV Vis spectrophotometer. The 
procedure included reagent preparation, establishment of the 
calibration curve and analysis of samples under controlled 
conditions. 
 
Preparation of 1,5-Diphenylcarbazide Reagent: A 0.5% 
(w/v) 1,5-diphenylcarbazide solution was made up by 
dissolving 0.5 g of 1,5-diphenylcarbazide is a solution of 100 
mL of acetone, and was complete led to dissolve. Since DPC is 
light sensitive, the reagent was kept in a dark glass bottle at 
4°C and used fresh. 
 
Preparation of Calibration Standards: Potassium 
dichromate (K₂Cr₂O₇) was used as a standard reference 
material in order to determine the calibration curve for Cr⁶⁺ 
quantification. The stock solution was prepare by dissolving 
2.829 g of K₂Cr₂O₇ in 1 litre of deionised water giving a 1000 
mg/L stock solution. Working standards in the amounts of 0.1, 
0.5, 1.0, 2.0 and 5.0 mg/L were prepared from this stock by 
serial dilution. Absorbance-concentration relationship was 
determined for each standard to same reagents as used for 
samples. 
 
Sample Preparation and Analysis: 10 mL aliquot of the 
before extracted Cr⁶⁺ solution (2.1) was transferred into 50 mL 
volumetric flask. 2 mL of the freshly prepared DPC reagent, 2 
mL of 1.5 M sulfuric acid (H₂SO₄) were added to this. After 
the shaking, the mixture was left to react for 10 minutes at 
room temperature to assure complete color development. 
Using a UV-Vis spectrophotometer at wavelength of 540 nm, 
the resulting purple complex was measured. 
 
Blank and Quality Control: A background absorbance for the 
sample extract was accounted for by preparing a reagent blank 
using deionized water instead of the sample extract. Method 
accuracy was verified by spiked recovery tests on sample 
extracts in which known concentrations of Cr⁶° were added 
during the process. In addition, reproducibility were performed 
by triplicate analysis of each sample. 
 
Data Analysis and Interpretation: The spectrophotometer 
was used to obtain absorbance values against the Cr⁶⁺ 
calibration standards which were plotted and a linear 

regression equation was generated. This concentration of Cr6⁺ 
in each sample was calculated using this equation. The sample 
dilution factors were used to convert the results to mg/kg of 
Cr⁶⁺ in cement samples. This method gave a highly sensitive 
and selective method to quantify hexavalent chromium to give 
reliable data to assess Cr⁶⁺ contamination in cement factories. 
 
Statistical Analysis: A statistical analysis was conducted on 
the descriptive and inferential statistical methods to ensure the 
reliability and accuracy of hexavalent chromium (Cr⁶⁺) 
concentration measurement in cement samples. To the extent 
of the data analysis the goal was to find mean Cr⁶⁺ 
concentration, the variability of measurements among different 
samples, and to statistically prove difference in concentration 
between different cement factories of Libya. 
 
Descriptive Statistical Measures: In all experimental data, a 
triplicate run was obtained for each sample type, and then 
mean Cr⁶⁺ concentration was calculated for each sample type. 
The formula was used to determine the mean (X̄): 
 

𝑋 ¯ =
∑𝑋𝑖

𝑛
 

 

X_i are individual values of concentration of the samples (in 
mg/kg), and n is the number samples and replicate for each. 
 
The standard deviation (SD) was calculated to measure the 
spread of Cr⁶⁺ concentrations using: 
 

𝑆𝐷 = ඨ
∑(𝑋𝑖 − 𝑋¯)ଶ

𝑛 − 1
 

 
The coefficient of variation (CV%) was also determined to 
assess relative dispersion, calculated as: 
 

𝐶𝑉% = ൬
𝑆𝐷

𝑋¯
൰ × 100 

 
A CV% under 10% indicated strong precision whereas values 
above 20% showed significant differences between the 
analyzed samples. 
 
Comparison of Cr⁶⁺ Levels Across Cement Factories: One-
way ANOVA (Analysis of Variance) provided the evaluation 
technique for Cr⁶⁺ contamination assessment across various 
cement factories. The analytical method used statistical 
analysis to evaluate Cr⁶⁺ concentration variation among various 
factory sites. The analysis of variance employed these research 
statements as part of its testing procedure: 
 
The null hypothesis states that cement factories exhibit similar 
concentrations of Cr⁶⁺ during analysis. The data shows Cr⁶⁺ 
concentration between cement factories differs significantly 
based on the results of the alternative hypothesis. The 
interpretation of results utilized α = 0.05 as the significance 
level while p < 0.05 values indicated statistically relevant 
variations between plant locations. Tukey’s post-hoc test 
determined which factory locations exhibited Cr⁶⁺ levels above 
significance thresholds when significant differences emerged. 
 

Correlation Analysis: The research analyzes potential Cr⁶⁺ 
concentration relationships with production variables through 
Pearson’s correlation coefficient (r) statistical analysis: 
 

𝑟 =
∑(𝑋 − 𝑋¯)(𝑌 − 𝑌¯)

ඥ∑(𝑋 − 𝑋¯)ଶ∑(𝑌 − 𝑌¯)ଶ
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The study contains a relationship between Cr⁶⁺ concentrations 
shown as X with another variable Y which could be production 
rate. The researchers applied the following meaning to their 
correlation values: 
 
A statistical significance emerged for correlations whenever 
the p-value dropped below 0.05. 
 
Percentage Distribution and Compliance Evaluation: An 
evaluation of environmental and health safety standards was 
performed through calculating the percentage of cement 
samples that exceeded permitted Cr⁶⁺ limits. The proportion of 
non-compliant samples was measured through: 
 

%𝑁𝑜𝑛 − 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑡 = ൬
Number of samples exceeding limit

Total samples analyzed
൰ × 100 

 
The European Union (EU) maintains Cr⁶⁺ concentration 
standards of 2 mg/kg for cement in their region. Further 
examinations of samples beyond this threshold point became 
necessary. 
 
Confidence Interval Estimation: CI method was employed to 
estimate the specific range where the actual mean Cr⁶⁺ values 
exist at a 95% confidence level: 
 

𝐶𝐼 = 𝑋¯ ± 𝑡 ×
𝑆𝐷

√𝑛
 

 
The critical value from the t distribution table for a 95% 
confidence level is t. This gave a range of expected Cr⁶⁺ 
concentrations on a high degree of certainty. Using these 
statistical methods helped this study make sure that their data 
was accurately interpreted and informed conclusions could be 
made about Cr⁶⁺ contamination in cement factories across 
Libya. 
 

RESULTS 
 
Hexavalent chromium (Cr⁶⁺) contamination in cement samples 
from five largest cement factories in Libya was analyzed for 
different factors of variation. The average concentration of Cr⁶⁺ 
measured was from 0.85 mg/kg to 6.72 mg/kg, with a mean of 
3.45 ± 1.62 mg/kg. From the 40 analysed samples, 15 (37.5%) 
surpassed the European Union permissible limit of Cr⁶⁺ by 2 
mg/kg in cement, implying a possible risk of harm to health if 
such concrete contaminated with the cement is contacted in 
people. In fact, they also found that the concentration of Cr⁶⁺ 
contamination varied factory-wise. The mean Cr⁶⁺ 
concentration in Zliten Cement Factory was 1.98 ± 0.72 mg/kg 
and as 5.87 ± 1.13 mg/kg Zliten Cement Factories Al Fataih 
Cement Factory, respectively. The other factories’ Cr⁶⁺ 
concentrations, El Khoms Cement Factory: 2.41 ± 0.65 mg/kg, 
Benghadi Cement Factory: 3.29 ± 1.05 mg/kg and Lebda 
Cement Factory: 3.99 ± 0.82 mg/kg. The statistical analysis of 
Cr⁶⁺ was performed using a one-way ANOVA test, which 
showed there was significant difference of Cr⁶⁺ between 
factories (F = 14.62, p < 0.001). Further post-hoc analysis was 
performed, in which Tukey's test was used and showed that 
Cr⁶⁺ levels for Al Fataih Cement Factory were significantly 
higher than all the other factories (P < 0.01). The coefficient of 
variation (CV%) was calculated for each factory for the 
purpose of assessing the variability in contamination levels. 

The variability (CV∼19.2%) attained by Al Fataih Cement  

 
 

Figure 1. Cr⁶⁺ levels in the factories 
 
Factory cement products indicated a very consistent 
contaminant loading; that measured (CV∼31.9%) for 
Benghazi Cement Factory cement products reflected 
inconsistent loading. This yielded a coefficient of variation of 
Cr⁶⁺ of 25.6%, indicating moderate variability of Cr⁶⁺ levels 
amongst the various factories. Correlation analysis regarding 
Cr⁶⁺ concentration with kiln temperature, clinker composition 
and use of supplementary cementitious materials was done. A 
regular significant constructive relationship was found between 
kiln temperature and Cr⁶⁺ concentration (r= 0.78; p < 0.001), 
which suggests that Cr⁶⁺ formation may enhance with higher 
kiln temperatures. On the other hand, a weak negative 
correlation was observed between Cr⁶⁺ levels and the 
proportion of supplementary materials such as fly ash and slag 
(r = -0.32, p = 0.07), which might aid dilution of chromium 
content in cement products. 
 

 
Figure 2. Correlation analysis regarding Cr⁶⁺ concentration 

with kiln temperature, clinker composition and use of 
supplementary cementitious materials 

 
With regard to meeting international safety standards, 62.5 
percent (25 samples) of the analyzed cement samples exceeded 
the allowable Cr⁶⁺ concentration of 2 mg/kg while 37.5 percent 
(15 samples) exceeded. Al Fataih Cement Factory also had the 
highest non compliance rate (80 percent, 8 out of 10) samples 
exceeding the regulatory limit. The result of this finding 
highlights the importance of implementation of more stringent 
monitoring and control measures in cement production 
facilities, especially those associated with higher levels of 
contamination. In order to further validate these findings, the 
95% confidence interval (CI) for the overall mean Cr⁶⁺ 
concentration was calculated to be 3.45 ± 0.51 mg/kg, which 
indicates that the true mean Cr⁶⁺ concentration in Libyan 
cement products lies between 2.94 and 3.96 mg/kg. This 
statistical parameter solidifies that the occurred data has high 
reliability and indicates that the number of cement samples,  
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with Cr⁶⁺ concentrations above safety levels is relevant. The 
implication of these results on reducing Cr⁶⁺ contamination in 
cement products is of urgent need for regulation and mitigation 
strategies. Given the health impact of hexavalent chromium 
exposure for cement manufacture, they need an improved 
selection of raw materials, optimized kiln operation and 
adequate application of supplementary materials in order to 
avoid formation of Cr⁶⁺ during production. 
 

 
 

Figure 3. Mean Cr⁶⁺ Concentration 
 

DISCUSSION 
 
The severity of this discovery is further extrapolated in this 
study, and analyzed hexavalent chromium (Cr⁶⁺) 
concentrations in Libyan cement samples ranging from 0.85 to 
6.72 mg/kg, with a mean value of 3.45 ± 1.62 mg/kg. In 
particular, 37.5% of the samples were greater than the EU’s 2 
mg/kg limit (Lejding et al., 2023). These ranges are higher 
than those observed in Europe, yet lower than what has been 
observed for industrial regions of India and China where such 
metal levels can exceed 10 mg/kg due to lax regulatory 
controls (Wu et al., 2025). The highest Cr⁶⁺ level of (5.87 ± 
1.13 mg/kg) was found in Al Fataih Cement Factory mainly 
because of high kiln temperatures, which accelerate oxidation 
of CrIII⁺ (Mohammadi & Azimi, 2022). This correlation (r = 
0.78, p < 0.001) concurs with studies that demonstrate that Cr⁶⁺ 
is produced at temperatures greater than 1,450°C in the kiln 
(Keppert et al., 2021). Occupational and Environmental Cr⁶⁺ 
concerns are elevated. In nephrotoxicity, continuous  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
verdosing above 2 mg/kg was associated with severe disorders 
of the skin and respiratory risks (Alvarez et al., 2021). Factory 
worker and building personnel may be severely exposed to 
health issues as 37.5% samples went beyond this limit. 
Additionally, cement dust pollution exacerbates heavy metal 
contamination in urban areas (Ulutaş, 2023).To mitigate 
contamination, strategies include Cr⁶⁺ immobilization  
 
 

(Rudzionis et al., 2022) as well as alternative form of cements 
(Abousnina et al., 2020). Kurimoto et al., (2023) further 
suggests La biochar-based sequestration as a potential 
mechanism for Cr⁶⁺ stabilization. As such regulatory 
enforcement is vital as discrepancies in detection methods 
(Ramírez-Quesada et al., 2021) and low monitoring policies 
(Rauf et al., 2021) have allowed ongoing contamination 
problems in Libya. Finally, despite the compliance of some 
Libyan factories with safety standards, other Libyan factories 
with exceed permissible Cr⁶⁺ levels are posing health and 
environmental risks. To mitigate Cr⁶⁺ contamination and 
adhere to international safety standards, stricter regulations, 
better monitoring, as well as alternative cement technologies 
are required. 
 

CONCLUSION 
 
While hexavalent chromium (Cr⁶⁺) is present in cement, the 
presence of Cr⁶⁺ in cement is a critical environmental and 
health concern in regions, such as Libya, with growing 
industrial activities. The results of this study suggest large 
deviations of actual Cr⁶⁺ concentrations in cement samples 
from different factories from international regulatory 
standards. Considering the documented toxicity of Cr6⁺, with 
intestinal and respiratory diseases, skin conditions, and 
groundwater contamination, there is an overriding need for 
more stringent monitoring and controlled procedures. It is 
found that the formation of Cr⁶⁺ is critically dependent on kiln 
temperature, raw material composition, and industrial 
practices. While different types of immobilization techniques, 
including self compacted soil technology and biochar 
sequestration, are attractive forms of solution but their capacity 
in the large scale cement production is still in need of 
investigation. Besides, there is a need for reform in the 
regulations and heightened awareness in the construction 
sector, as compliance with global standard can limit the risks 
of Cr⁶⁺ exposure considerably and safely. This work highlights 
the relevance of further researches on Cr⁶⁺ reduction strategies 

Table 1. Summary of Data Collection 
 

Data Type Description Method of Collection Sample Size Analysis Approach 
Cr⁶⁺ Concentration Measurement of Cr⁶⁺ levels 

in cement samples 
Laboratory Analysis 
(ICP-MS, XRF) 

50 samples Descriptive & Inferential 
Statistics 

Kiln Temperature Temperature range during 
clinker production 

Factory Records & 
Sensors 

5 factories Correlation Analysis (r = 
0.78) 

Clinker Composition Chemical composition of 
cement clinker 

X-ray Diffraction (XRD) 5 factories Regression Analysis 

Supplementary Cementitious 
Materials 

Proportion of fly ash, slag, 
and other materials 

Factory Reports & 
Sampling 

5 factories Correlation Analysis (r = -
0.32) 

Statistical Confidence 
Interval 

95% CI for Cr⁶⁺ 
concentration 

Statistical Computation 50 samples Confidence Interval Analysis 
(Mean ± 0.51 mg/kg) 

 
Table 2. Correlation coefficient and strength 

 
Correlation Coefficient (r) Strength of Correlation 
0.0 - 0.3 Weak correlation 
0.3 - 0.7 Moderate correlation 
0.7 - 1.0 Strong correlation 
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and the development of sustainable cement production 
processes. Future research should aim at development of cost 
effective and scalable techniques of Cr⁶⁺ immobilization and 
evaluation of their potential environmental impact over time. 
Through improving the regulatory frameworks and 
technological interventions, it is possible to mitigate the 
adverse effects of Cr⁶⁺ contamination in the construction 
industry and enhance the development of safe and sustainable 
infrastructure. 
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