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Abstract

This study aimed to qualitatively analyze the identified use of dusty construction prod-
ucts in relation to hazard characteristics, occupational exposure limits, Safety Data Sheet
features, and material composition. The secondary aim of the study was to explore the
relationship between sustainability, expressed as Portland clinker percentage, and health-
related indicators. A total of 283 Safety Data Sheets (SDSs) from six large construction
companies operating in central Italy were analyzed. Data were extracted on identified
use, risk classification, hazard score (H-score), occupational exposure limits (TLVs), com-
position, SDS update status, and clinker content. Associations between identified use
and qualitative variables were explored, while differences in hazard score and clinker
percentage were assessed across product categories. Univariate regression analyses were
conducted to evaluate predictors of clinker content. The results show marked differences
among construction products in terms of hazard profiles, exposure limits, and composition,
closely linked to their intended use. Cement-containing products were predominant and
associated with higher hazard scores and lower TLVs. Clinker percentage increased with
product hazardousness and H-score, indicating a link between sustainability indicators and
occupational risk. This study provides the first identified-use-based analysis of powdery
construction materials. Overall, these findings emphasize the importance of use-specific
risk assessment and targeted safety training in the construction sector.

Keywords: safety data sheet; construction industry; chemical risk assessment; identified
use; cement; respirable silica; clinker sustainability; sustainable materials

1. Introduction

Occupational health and safety (OHS) and the implementation of risk prevention
strategies are critical concerns in the construction industry due to the constantly evolving
work environment with health and safety implications [1]. Among the occupational hazards,
exposure to hazardous inhalable or respirable dust (frequently present in dusty construction
chemicals or released from materials such as concrete, plaster, and glues) can lead to chronic
diseases caused by the inhalation of respirable crystalline silica dust and of other irritants
or sensitizing agents [2,3]. Prolonged and unprotected inhalation of such dust can result
in serious respiratory diseases, including silicosis, chronic obstructive pulmonary disease
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(COPD), occupational asthma, and certain forms of cancer [4]. In particular, respirable
crystalline silica (quartz) has been classified as a Group 1 carcinogen by the IARC [3].

The protection of workers from exposure to hazardous substances is mandated in Italy
by Legislative Decree No. 81/2008 [5], specifically Title IX, which requires employers to
carry out a detailed chemical risk assessment that evaluates the nature of the substances
used, application methods, and exposure frequency and duration. Additional require-
ments stem from the European REACH Regulation [6] and CLP Regulation [7], which
regulate the classification, labeling, and safe use of chemical substances and mixtures and
also introduced the Safety Data Sheet (SDS). It provides information about a chemical or
mixture, including its identification, hazards, and composition, along with instructions for
first aid, firefighting, accidental release, handling, and storage. The SDS details exposure
controls, personal protection, physical and chemical properties, stability, reactivity, and
toxicological and ecological effects. Additionally, it covers disposal methods and transport
and regulatory requirements and includes other relevant information such as revision
dates and references. Occupational exposure limit values (such as Threshold Limit Values,
TLVs, and Time-Weighted Averages, TWAs) serve as key reference points for defining
and implementing preventive measures [8]. However, despite the well-documented risks
associated with hazardous chemicals, inadequate OHS management remains prevalent
in real-world construction contexts. This is also due to the low-risk perception in the
workplace. Previous studies conducted on risk perception among construction workers
have reported a widespread underestimation of the occupational risks [9]. Moreover, the
insufficient or inconsistent use of personal protective equipment (PPE) seems to be critical:
although workers identify the harmful effects of dust and acknowledged considerable ex-
posure, only 36% declare that they use respiratory PPE [10]. Despite being fundamental for
risk communication, SDSs remain an imperfect tool due to poor readability and occasional
non-compliance with legal requirements [11,12].

Additionally, the growing awareness of climate change and the environmental im-
pact of the construction industry has stimulated a significant evolution of cementitious
materials. The cement industry is responsible for about 5-8% of global CO, emissions,
mainly related to clinker calcination and high energy consumption [13,14]. Previous studies
have shown that the embodied carbon of cementitious materials is strongly dependent on
clinker content. Based on the analysis of published Environmental Product Declarations,
Anderson and Moncaster [15] demonstrated that the carbon emissions of cement increase
markedly with the proportion of clinker. Thus, replacing the clinker with cementitious
materials is a key strategy to reduce the ecological footprint of the sector [16]. However,
as demonstrated by relevant studies, the substitution of clinker with other products could
expose workers to additional health risks. In fact, this is the case of fly ash, which may
reduce greenhouse gas emissions linked to cement production but also be a threat for
workers and the population [17,18]. Critical analysis of the characteristics of the mate-
rials, including potential chemical and safety risks, is essential to support a responsible
and informed transition to more sustainable construction solutions. Thus, the present
study aims to provide a qualitative analysis of the identified use of powdery construction
products with regard to hazard score, risk classification, occupational exposure limits, and
product composition. The secondary objective is to assess whether any association exists
between sustainability characteristics, expressed as clinker percentage, the identified uses,
and other relevant variables. Key findings may be leveraged to enhance risk awareness
among workers and stakeholders.
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2. Materials and Methods

Our qualitative analysis is based on the information reported in the SDSs of the dusty
chemical products used in the building sites of six big construction companies operating in
the territory of L’Aquila (central Italy). Participation was voluntary, and it is linked to a
broader study about health and safety in the post-earthquake reconstruction of the above
Italian city [9,10]. All the mixtures studied are in a solid physical state; more specifically,
they are used in a powdery form.

We compiled a dataset by including various data from different sections of the Safety
Data Sheet. Table 1 provides a detailed description of the studied variables and of the
possible values or category they assumed. The SDS sections used to report or compute our
variables are as follows:

— Identified use (Section 1.2 of the SDS).

— Risk classification through the hazard statements (Section 2.2 of the SDS). Based on
these data, we calculated the H-score.

— Composition/information about ingredients through the Chemical Abstract Service
(CAS) numbers (Section 3.2 of the SDS). Thus, we calculated the clinker percentage.

— Exposure controls/personal protection (TLV-TWA values or other European or Na-
tional TWA limit values) (Section 8.1 of the SDS).

—  Year of last SDSs update.

Table 1. Description of the analyzed variables. “Identified use,” “Risk classification,” “TLV,” “Year of
the last update,” and “Composition” are categorical, meanwhile “Clinker percentage” and “H-score”
are of a continuous type.

Variable Value or Category Variable Value or Category
Cement 0.025 mg/m?
Screed 0.05 mg/m3
Adhesive 1 mg/m3
Binder TLV 2mg/ mz
Glue 3mg/m
3
Identified use Mortar 4 mg/m
Stucco/putty 5 mg/m3
Sheath 10 mg/m?3
Grout Cement
Skim coat Quartz
Coating Calcium carbonate
Plaster Composition Hydrated lime
Irritant Hydraulic lime
Irritant + sensitizing Calcium oxide
Risk classification Irritant + specific toxicity None
Irritant + sensitizing + specific toxicity Year of last SDSs update Dichotomous
Not dangerous H-score Continuous
Clinker percentage Continuous

Regarding the identified use, we categorized the mixtures as follows: cement, screed,
adhesive, binder, glue, mortar, stucco/putty, sheath, plaster, grout, skim coat, and coating.
Such information is provided by the supplier, and it can be found in Section 1.2.

All the mixtures were grouped and classified according to the following hazard identi-
fication based on the H-codes: H315, H318, H319, and H335 are classified as “irritants” as
the mixtures can cause skin corrosion/irritation (H315), severe eye injury/irritation (H318,
H319), and expiratory irritation (H335) according to the CLP Regulation [7]. Chemicals
with the H-code H317 are classified as “sensitizing” since the mixtures can cause skin and
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respiratory tract sensitization. Mixtures with the H-code H373 are classified as “specific
toxicity,” as they may be harmful to organs, lethal, or toxic [7]. If no H-code was listed in
the SDS, the mixture was classified as “not dangerous.” Therefore, the categories identified
for the item “Risk classification” and based on the combination of the different H-codes

/7 7oA

of each mixture are as follows: “irritant,” “irritant and sensitizing,” “irritant and specific
toxicity,” “irritant and sensitizing and specific toxicity,” and “not dangerous.”

We then created a quantitative variable that corresponds to the hazard score (H-score)
assigned through the chemical semi-quantitative risk assessment based on the “Movarisch”
algorithm [19]. This methodology assigns a hazard score from 1 to 10 to each H statement
provided in the CLP regulation [7] that is related to health hazards (e.g., H317, skin
sensitization = 6). For mixtures classified with multiple hazards, the highest corresponding
value is taken into consideration. If the mixture is not classified as dangerous but contains
one or more dangerous substances (even in low concentrations), the H score is assigned
according to the H score table reported in the Movarisch methodology [19,20].

For each mixture, the SDS provides the TLV of each substance, if available. The
lowest TLV with respect to the mixture was identified and reported in the dataset. In the
SDS analyzed, TLVs are provided from several regulatory agency bodies (e.g., ACGIH,
European Commission, OSHA). We reported the lowest limit value as mg/m3, regardless
of the regulatory agency.

As to the powdery products composition, the most frequent substances (ingredients)
were identified and reported as a nominal variable for each chemical product. The sub-
stances were reported only based on their presence as an ingredient, regardless of the
composition percentage. The seven most frequent ingredients are listed in Table 1.

To assign a sustainability score to the mixtures or substances studied, we identified
the maximum Portland clinker percentage. In SDSs, the concentration of solid mixtures
is expressed as a percentage by weight. To comply with the precautionary estimate, the
maximum percentage of Portland clinker has been considered (e.g., “Portland clinker
cement 50-70%": the percentage considered is 70). This choice is based on the fact that
clinker production accounts for approximately 88% of total cement-related emissions,
mainly due to process emissions from limestone calcination [21]. This methodology also
aligns with the IPCC Guidelines for National Greenhouse Gas Inventories [22].

SDSs were considered “updated” when the last revision had been issued after the year
2022 (included). The participating construction enterprises provided datasheets that were
not always up to date; consequently, the authors acquired the most recent online version
whenever available.

Although this information is not included in our analysis, we also collected details
about the suppliers of the Safety Data Sheets.

Statistical Analysis

Categorical variables are described through absolute and relative frequencies; mean-
while, continuous variables are described through mean and standard deviation values. In
line with the aim of this study, we analyzed any possible associations between the “identi-
fied use” and the other described variables (Table 1). Due to the categorical nature of the

"o "o

variables “identified use,” “risk classification,” “TLVs,” “year of the last update,” and “com-
position,” we performed the Chi-square test for independence with the aim of identifying
possible associations. The strength of potential associations was assessed using Cramer’s
V, with values above 0.1, 0.3, and 0.5 indicating weak, moderate, and strong associations,
respectively [23]. After conducting the Chi-square test for independence, all statistically

significant results were further analyzed through a post hoc adjusted residuals analysis.
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This procedure allowed the identification of specific associations and the evaluation of their
strength. Adjusted residual values exceeding 2 were regarded as statistically significant.

Non-parametric tests were used for comparisons between continuous variables. This
choice was made after the assessment of the normality of the distributions through a
Shapiro-Wilk test. Possible differences among the classified mixtures with respect to
quantitative variables were assessed by the Kruskal-Wallis test and a complete pairwise
comparison by the Dwass—Steel-Critchlow—Fligner test. Univariable linear regression
analyses were performed to evaluate the association between Portland clinker percentage
and each covariate. Ingredients were excluded from this analysis, as they were considered
neither informative nor reliable predictors of clinker content. The reasons lie in the fact
that more than 72% of the mixtures contain cement; therefore, a regression analysis would
highlight a multitude of associations that are of limited relevance to the purposes of the
present study. Moreover, the nature of the variable and the high number of categories in
which it occurs make a regression analysis minimally informative.

For each analysis, except for the adjusted residuals, an alpha level of 0.05 was consid-
ered to be statistically significant. Statistical analysis was performed using Jamovi software
(version 2.6).

3. Results

Overall, 283 SDSs were included in our study. They correspond to their most recent
and available revised version. The descriptive analysis of the composition/ingredients is
fully reported in the Supplementary Materials (Table S1). Table 2 outlines the descriptive
information related to the variables studied.

In our sample, we listed 11 different identified uses; the most represented are mortar
(30.4%), plaster (21.2%), and adhesive/glue (13.1%). More than 71% of the products
reported the lowest TLV-TWA equal to 1 mg/m?, and fewer than a quarter of the total
reported 0.025 mg/m?>. Almost 62% of the SDSs may be considered updated. Regarding
the risk classification, most powdery products are classified as irritant + sensitizing (77.7%).
The analysis of the composition shows that cement is the most represented ingredient
(19.1%), followed by cement + hydrated lime (17.7%) and cement + quartz (12.8%). Overall,
mixtures containing cement, either alone or in combination, accounted for the majority of
the SDSs analyzed. Table 2 reports the most representative compositions only.

The descriptive analysis of quantitative variables shows that average hazard score for
the studied construction products is 5.48 (ranging from 0 to 10) with a standard deviation
of 1.15, and that the mean percentage of the Portland clinker is equal to 22.27 (21.67 SD).

According to the main aim of the study, we analyzed the possible associations between
the identified uses and lowest TLV, updated status of the SDSs, risk classification of the
mixtures, and composition/ingredients.

With regard to TLVs, we observed a significant difference between the identified uses
and a moderate association (Table 3). An adjusted-residuals post hoc analysis (Table 4)
revealed that adhesive/glue is more frequently associated with a TLV of 0.025 mg/m?,
whereas a TLV of 1 mg/m3 appears to be less frequently associated with this identified
use. Coating shows less commonly a TLV of 0.025 mg/m? as compared to other products;
stucco/putty appears to be strongly and positively associated with a relatively high TLV
(2 mg/m?). No further significant associations were found between TLVs and the analyzed
dusty products.

The updated status of the SDSs does not appear to be associated with the identified
uses studied because the Chi-square test returned a non-significant p-value.

A significant and moderate association was observed between identified use and
risk classification. Post hoc analysis (Table 4) showed that plaster mixtures appear to be
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classified as irritants more frequently than expected, whereas stucco/putty mixtures appear
to be “not dangerous” much more frequently than expected. Finally, the classification
“irritant + sensitizing” appears to be very common across all the studied mixtures.

With regard to the composition/ingredients, we observed a significant association with
the identified use, with a moderate effect size, thus indicating that ingredient distributions
are not independent of product use (Table 3). Post hoc analysis reported in Table 4 high-
lights the size and the direction of the associations, suggesting that specific ingredients or
combinations of ingredients are positively or negatively associated with specific identified
uses. Limited to the ingredients, Table 4 only reports significant associations. The results
are fully reported in the Supplementary Materials (Table 52). Adhesives/glue appear to
be frequently characterized by the ingredient combination “cement + quartz”; meanwhile,
“cement + hydrated lime” and “cement + hydraulic lime + hydrated lime” are less frequent
in this product composition. The ingredient “cement,” as expected, is common in cement
composition, and cement alone or in combination with quartz or calcium carbonate is
uncommon in plaster. Meanwhile, it appears to be frequently made in “Hydrated lime,”
sometimes in combination with calcium carbonate. Screed and sheath appear to commonly
be composed of “Calcium carbonate + Cement” and of “Cement + Quartz,” respectively.
A variable composition of calcium carbonate, hydraulic lime and quartz appear to be
associated with skim coat. The absence of reported ingredients (“none”) or the presence of
only “Calcium carbonate” are very common in stucco/putty products.

Table 2. Frequency distribution of the SDSs with regard to nominal variables. Categories referred to
with the variable “ingredients” are fully reported in the Supplementary Materials: this table only
reports the most frequently observed categories regarding this variable. Descriptive information
about quantitative continuous variables is also provided. SD = standard deviation.

Identified Use n (%) Risk Classification n (%)
Adhesive/Glue 37 (13.1) Irritant 44 (15.5)
Binder 8 (2.8) Irritant + sensitizing 220 (77.7)
Cement 26 (9.2) Irritant + sensitizing + specific toxicity 3(1.1)
Coating 11 (3.9) Not dangerous 16 (5.7)
Grout 16 (5.7) Ingredients/composition n (%)
Mortar 86 (30.4) Cement 54 (19.1)
Plaster 60 (21.2) Cement + Hydrated lime 50 (17.7)
Screed 16 (5.7) Cement + Quartz 36 (12.8)
Sheath 5(1.8) Calcium carbonate + Cement 24 (8.5)
Skim coat 11 (3.9) Calcium carbonate + Cement + Hydrated lime 18 (6.4)
Stucco/putty 7 (2.5) Hydrated lime 15 (5.3)
TLVs mg/ m3 n (%) Cement + Hydraulic lime + Hydrated lime 11 (3.9)
0.025 64 (23.7) None 11 (3.9)
0.05 1(0.4) Cement + Hydrated lime + Quartz 10 (3.5)

1 193 (71.5) Cement + Hydraulic lime 7 (2.5)

2 2(0.7) Updated n (%)

3 5(1.9) Yes 175 (61.8)
4 1(0.4) No 108 (38.2%)
5 2(0.7)

10 2(0.7)

Continuous variables N Mean SD
Hazard score 283 5.48 1.15
Portland clinker % 283 22.27 21.67
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Table 3. Independence analysis through Chi-square test to assess whether any association exists between the “Identified use” and the variables “Lowest
TLV,” “updated SDS,” “Risk classification,” and “Composition.” Effect size is quantified through Cramer’s V index. Identified uses are categorized as follows:
adhesive/glue = 1; binder = 2; cement = 3; coating = 4; grout = 5; mortar = 6; plaster = 7; screed = 8; sheath = 9; skim coat = 10; stucco/putty = 11.

Identified Use

Variables 1 2 3 4 5 6 7 8 9 10 11 Tot
Lowest TLV (mg/m?)
0.025 20 2 6 0 8 12 10 2 3 1 0 64
0.05 0 0 0 0 0 1 0 0 0 0 0 1
1 16 6 19 11 8 66 43 13 2 9 0 193
2 0 0 1 0 0 0 0 0 0 0 1 2
3 0 0 0 0 0 3 1 1 0 0 0 5
4 0 0 0 0 0 0 1 0 0 0 0 1
5 0 0 0 0 0 1 1 0 0 0 0 2
10 0 0 0 0 0 0 1 0 0 1 0 2
Tot 36 8 26 11 16 83 57 16 5 11 1 270
Statistics Value Df p-value
X2 204 70 <0.001
N 270
Cramer’s V 0.329
Updated 23 6 15 4 11 48 47 10 3 6 2 175
Yes 14 2 11 7 5 38 13 6 2 5 5 108
No 37 8 26 11 16 86 60 16 5 11 7 283
Tot 23 6 15 4 11 48 47 10 3 6 2 175
Statistics Value Df p-value
X2 15.9 10 0.102
N 283
Cramer’s V 0.237
Risk classification
Irritant 0 1 1 0 0 17 22 0 0 3 0 44
Irritant + sensitizing 34 7 25 11 15 66 34 15 5 8 0 220
Irritant + sensitizing + specific toxicity 1 0 0 0 1 0 1 0 0 0 0 3
Not dangerous 2 0 0 0 0 3 3 1 0 0 7 16
Tot 37 8 26 11 16 86 60 16 5 11 7 283
Statistics Value Df p-value
X2 171 30 <0.001
N 283
Cramer’s V 0.449
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Table 3. Cont.

Identified Use
Variables 1 2 3 4 5 6 7 8 9 10 11 Tot

Ingredients/composition
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Calcium carbonate + Hydrated lime
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Cement + Calcium carbonate + Quartz + Calcium oxide
Calcium carbonate + Hydraulic lime
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Statistics Value Df p-value
X2 667 280 <0.001
N 282

Cramer’s V 0.486
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Table 4. Adjusted-residuals post hoc analysis for the variables that resulted in being statistically significant on the Chi-square test in relation to the identified uses.
With respect to the variable “Composition/ingredients,” only statistically significant results are reported (rows that showed at least one value > |21, in bold);
meanwhile, they are fully reported in the Supplementary Materials (Table S2). Identified uses are categorized as follows: adhesive/glue = 1; binder = 2; cement = 3;
coating = 4; grout = 5; mortar = 6; plaster = 7; screed = 8; sheath = 9; skim coat = 10; stucco/putty = 11.

Identified Use

Variables 1 2 3 4 5 6 7 8 9 10 11
Lowest TLV (mg/m?)
0.025 3.337 0.074 —0.065 —2.283 1.878 —1.86 —1.001 -1.012 1.393 —-1.139 —0.688
0.05 —0.516 —0.244 —0.438 —0.2854 —0.344 0.986 —0.649 —0.344 —0.192 —0.285 —0.086
1 —2.064 0.116 0.095 1.054 —1.074 0.850 0.350 0.452 —0.908 0.393 —1.195
2 —0.730 —0.344 1.296 —0.404 —0.487 —1.109 —0.919 —0.487 —-0.272 —0.404 2.797
3 —1.154 —0.544 —0.981 —0.638 —0.769 1.042 —0.054 1.012 —0.430 —0.638 —0.192
4 —0.516 —0.243 —0.438 —0.285 —0.344 —0.784 1.238 —0.344 —0.192 —0.285 —0.086
5 —0.730 —0.344 —-0.621 —0.404 —0.487 0.450 0.754 —0.487 -0.272 —0.404 -0.122
10 —0.730 —0.344 —0.621 —0.404 —0.487 —1.109 0.754 —0.487 —-0.272 1.783 —0.122
Risk classification
Irritant —3.392 —0.226 —1814 —1.849 —2.231 0.952 3.522 —2.231 —1.247 0.890 —1475
Irritant + sensitizing 0.949 0.307 1.027 0.802 0.703 —0.105 —1.946 0.703 0.540 —0.191 —3.299
Irritant + sensitizing + specific toxicity 0.810 —0.412 —0.742 —0.483 1.374 —1350 0.421 —0.582 —0.326 1.374 —0.385
Not dangerous —0.064 —-0.951 -1.714 —-1.115 —1.345 —0.9095 —-0.217 0.098 -0.751 —1.345 5.197
Composition/ingredients
Cement 0.337 —0.459 3.302 —2.053 —0.036 —0.367 —2.939 1.922 —1.384 0.578 —1.637
Cement + quartz 2.797 —1.429 0.858 —-1.676 1.209 0.006 —3.881 —0.810 2.136 —1.675 —1.337
Calcium carbonate + Cement 0.960 —1.167 2.097 —1.368 —0.325 —2.334 —3.169 2.919 1.744 0.953 —1.092
Cement + Hydrated lime —2.090 0.460 —2.040 1.283 —1.260 0.924 1.852 —0.525 —1.332 0.035 —1.576
None —0.391 —0.790 —1.424 —0.926 -1.117 -0.197 —0.203 -1.117 —0.625 —0.926 4.430
Hydrated lime —1.984 0.748 —1.663 —1.082 —1.304 —3.024 4.489 —1.305 —0.729 —1.081 —0.863
Cement + Hydraulic lime —1.355 —0.630 —1.136 —0.739 —0.891 2.161 —0.407 —0.891 —0.498 —0.739 —0.590
Calcium carbonate —0.724 —0.337 —0.607 —0.395 —0.476 —1.104 —0.915 —0.476 —0.266 —0.395 3.299
Cement + Hydraulic lime + Hydrated lime —2.173 0.605 —1.822 4.427 —1.429 0.618 —0.409 —1.429 —0.799 —1.185 —0.945
Calcium carbonate + Hydrated lime —1.255 —0.583 —1.052 —0.684 —0.825 —0.671 2.516 —0.825 —0.461 —0.684 —0.546
Cement + Calcium carbonate + Quartz + Calcium oxide —0.887 —0.413 —0.744 —0.484 3.399 —1.352 —1.120 —0.583 —0.326 —0.483 —0.386
Calcium carbonate + Hydraulic lime —0.724 —0.337 —0.607 —0.395 —0.476 —1.104 —0.915 —0.476 —0.266 3.021 —0.315
Calcium carbonate + Hydraulic lime + Quartz —0.512 —0.238 —0.429 —0.279 —0.336 —0.780 —0.647 —0.337 —0.188 2.136 —0.223
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Our study also relies on continuous variables concerning the hazardous character-

istics of the mixtures (H-score) and the percentage of Portland clinker. Table 5 reports a

descriptive analysis of H-score and Portland clinker percentage.

Table 5. Descriptive analysis of clinker percentage and hazard score with regard to the identified use.

Relevant Identified Use Portland Clinker Percentage Mean (sd) Hazard Score Mean (sd)
Cement 44.6 (30.6) 5.94 (0.294)
Screed 14.4 (11.7) 5.78 (0.875)
Adhesive/glue 31.4 (15.4) 5.76 (1.17)
Binder 36.3 (28.8) 5.81 (0.530)
Mortar 22.8 (20.6) 5.48 (1.11)
Stucco/putty 0.00 (0) 2.25 (0)
Sheath 25.4 (5.11) 6.00 (0)
Plaster 8.00 (12.3) 5.04 (1.28)
Grout 35.0 (17.6) 6.00 (0)
Skim coat 22.7 (16.2) 5.59 (0.701)
Coating 7.91 (9.49) 6.00 (0)

Differences in H-score and Portland clinker percentage across identified uses were
assessed using the Kruskal-Wallis test. It revealed statistically significant differences
(Table 6) between the identified uses for both H-score (p < 0.001) and Portland clinker
percentage (p < 0.001). A pairwise comparison indicated that differences in H-score were
primarily driven by consistently lower values observed for stucco/putty compared with
other material types (Table 6). Regarding Portland clinker percentage, pairwise comparisons
revealed multiple statistically significant differences across identified uses (Table 6). Plaster
consistently exhibited lower clinker content compared with other materials, thus showing
strong significant differences when compared with adhesive/glue, cement, mortar, binder,
and sheath. Conversely, adhesive/glue and grout were characterized by high clinker
percentages. Screed showed significantly lower clinker content than adhesive/glue and
grout, while stucco/putty exhibited lower clinker values than screed. Table 6 reports only
the statistically significant results of the pairwise comparisons. Tables S3 and S4 in the
Supplementary Materials show the complete version of the analysis.

A univariate analysis (Table 7) was performed with Portland clinker percentage as
the dependent variable to further explore the relationship between the sustainability char-
acteristics represented by clinker percentage and the “lowest TLV” of the variables, the
updated status of the SDS, the “risk classification,” and the “H-score.” The analysis re-
vealed that clinker percentage is significantly higher in mixtures that report a lowest TLV
of 0.025 mg/m3, especially when compared to products with a lowest TLV of 1 mg/m?3,
although the model fit indicates that TLV is a weak predictor of the sustainability of
the mixtures. The updated status does not show any significant associations, while risk
classification appears to be a solid predictor of clinker percentage. Specifically, dusty
chemical products that are classified as less dangerous have a lower clinker percentage in
their ingredients.

Finally, the linear regression analysis indicates that for each one-unit increase in the
H-score, the clinker content increases on average by approximately 7.4 percentage points.
As already demonstrated by the “risk classification” predictor, clinker percentage increases
with the hazard level of the products.
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Table 6. Kruskall-Wallis non-parametric test to evaluate possible differences in clinker percentage
and H-score with regard to the identified use; the table also shows significant differences between the
identified uses through a Dwass—Steel-Critchlow-Fligner test.

Identified use

Kruskal-Wallis 2 df p-value
H-Score 70.8 10 <0.001
Portland clinker percentage 104.3 10 <0.001
Identified use
Pairwise comparison-H-Score Statistics p-value
Adhesive/glue Plaster —5.218 0.010
Adhesive/glue Stucco/putty —7.398 <0.001
Binder Stucco/putty —5.123 0.013
Cement Plaster —4.946 0.020
Cement Stucco/putty —7.599 <0.001
Mortar Stucco/putty —7.394 <0.001
Screed Stucco/putty —6.344 <0.001
Stucco/putty Coating 5.831 0.002
Stucco/putty Grout 6.633 <0.001
Stucco/putty Plaster 6.293 <0.001
Stucco/putty Sheath 4.690 0.037
Stucco/putty Skim coat 5.344 0.007
Identified use
Pairwise comparison-Clinker % Statistics p-value
Adhesive/Glue Coating —5.8697 0.002
Adhesive/Glue Mortar —4.8042 0.028
Adhesive/Glue Plaster —9.2649 <0.001
Adhesive/Glue Stucco/putty —5.6748 0.003
Binder Plaster —4.9250 0.021
Cement Coating —5.4490 0.006
Cement Mortar —4.9995 0.018
Cement Plaster —8.6479 <0.001
Cement Stucco/putty —5.7026 0.003
Grout Coating —5.4887 0.005
Mortar Plaster —7.5642 <0.001
Mortar Stucco/putty —5.4399 0.006
Plaster Grout 7.5255 <0.001
Screed Adhesive/Glue 5.1828 0.011
Screed Grout 5.0573 0.015
Screed Stucco/putty —5.4259 0.006
Sheath Plaster —4.6475 0.041
Stucco/putty Grout 5.1486 0.012

Table 7. Evaluation of clinker % association with the variables’ relevant identified use, lowest TLV,
updated status, risk classification, and H-score through a univariate analysis.

Dependent Variable: Portland Clinker Percentage

Predictor B 95% CI p
Lowest TLV-R? = 0.0346

0.05-0.025 —452  —472 38179  0.835
1-0.025 -769  —138 —1576  0.014
2-0.025 —952  —39.9 20904 0538
3-0.025 —1252 —322 7.154 0.211
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Table 7. Cont.
Dependent Variable: Portland Clinker Percentage
Predictor 8] 95% CI p
4-0.025 —9.52 —52.2 33.179 0.661
5-0.025 —29.52 —-59.9 0.904 0.057
10-0.025 —14.52 —44.9 15.904 0.348
Update status-R? = 0.00141
No-Yes —1.67 —6.90 3.55 0.529
Risk classification-R? = 0.180
Irritant-Irritant + sensitizing —-20.537  —26.9 -14.1 <0.001
Not dangerous-Irritant + sensitizing —-26.929 -37.0 -16.9 <0.001
Irritant + sensitizing + specific toxicity-Irritant + sensitizing ~ —0.325 —229 222 0.977
H-Score-R? = 0.157
Hazard score 7.44 5.41 9.46 <0.001

4. Discussion
4.1. Identified Use Characteristics and Updated Status of the SDSs

Based on the information collected, we listed 11 different identified uses for dusty
products involved in the construction process, as this was the leading characteristic in
the commercial classification of chemicals. The data originates from the analysis of the
safety data sheets provided by the construction industries participating in the study. In our
sample, mortar, plaster, adhesive, and cement are the most represented products with the
same identified use. They have many characteristics and associations with other variables
under study; these will be appropriately discussed in the following sections.

Because the information collected, including that related to identified use, is available
in the Safety Data Sheets, keeping these sheets updated is essential to ensure the accuracy
of the information reported. This is because toxicological data regarding substances and
mixtures evolve over time as new findings in toxicology emerge. In this regard, the SDSs
included in our sample that can be considered up to date account for less than two-thirds
of the total. This could pose a potential risk to construction workers, as this may result in a
risk underestimation. In our analysis, we found that the updated status of our SDSs is not
associated with the selected identified uses. This may be because the supply of updated
SDSs is not dependent on or associated with the intended use of the product. The review
and provision process of the SDSs, along with the interaction between the chemical product
user and supplier, warrants further investigation.

To the best of our knowledge, neither a fully comparable study nor a specific chemical
risk assessment on an identified use basis seem to be available in the literature. According to
the Health and Safety Executive (HSE), cement is one of the most relevant non-carcinogenic
hazardous products in the construction industry [24]. Based on our findings, cement is one
of the most represented identified uses, and it is by far the most prevalent ingredient.

Ho et al. [25] analyzed 45 Safety Data Sheets in order to assess their readability and
suitability for the target audience. They found that the Safety Data Sheets were ineffective
in their main function as a hazard communication tool, thus exposing workers to risk.
Although the authors did not thoroughly examine the potential role of the updated status
with regard to the identified poor suitability, it could be considered a contributing factor.
The REACH regulation [6] mandates the manufacturers or the suppliers to provide an
update to the safety data sheet when new information becomes available regarding risk
management measures or hazards, when an authorization is granted or refused, or a
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restriction is imposed. Thus, the updated status is a relevant characteristic that may impact
the availability and the quality of the other information contained in the SDS. No peer-
reviewed scientific studies assessing its impact were found in the construction sector or in
other sectors.

4.2. Hazards of the Construction Materials and Occupational Exposure Limits

Our study highlights that differences exist between diverse identified uses with regard
to the hazards of the construction products and occupational exposure limits. The most
frequently observed risk classification is irritating and sensitizing, whereas mortar and
plaster appear to be less hazardous, being classified only as irritants. However, the differ-
ences between the H-scores are less significant. Stucco shows the lowest risk classification,
the lowest H-score, and the highest TLV. It can be speculated that stucco/putty is the least
health-threatening product among the products analyzed in this study.

The most frequent lowest TLVs are 0.025 mg/m?> and 1 mg/m?3. They are associated
with quartz and cement, respectively [8]; indeed, these ingredients are highly prevalent
in the chemical products under study. The identified use that is strongly associated with
the 0.025 TLV is adhesive/glue, while coating does not seem to be associated with it. Our
analysis also highlights that the 1 mg/m? TLV is not frequent in adhesive/glues.

Regarding the hazards of the construction materials, Rey-Alvarez et al. [26] highlighted
that several differences exist between different construction chemical products. The authors
assessed non-cancer and cancer risk assessment through the Life Cycle Impact Assessment
(LCIA) model USEtox, developed by Rosenbaum et al. [27]. Although their methodological
assessment is significantly different from ours, they found that among the materials used
for wall covering, plaster shows a lower toxicity. However, in their comparison, cement and
cement-based construction materials showed lower toxicity than materials like wood, steel,
polyurethane, and many others. From a life-cycle perspective, materials’ dangerousness
does not appear to be linked to usage-related hazards.

A recent study by Mishra et al. [28] highlighted that construction workers report
moderate to severe eye, skin, and respiratory irritation linked to cementitious products,
both during direct use and during construction activities involving building structures.
This information is strongly linked to our dangerousness-related data; indeed, our analysis
reveals a predominance of irritant and skin-sensitizing characteristics.

Pollutants generated by on-site construction activities are a relevant occupational
health issue that is widely studied all over the world. A cross-sectional study [29] reported
that cement dust is strongly linked to impaired pulmonary function among male cement
plant workers.

With regard to exposure limits on construction sites, a study by Brostrem et al. [30]
revealed that during apartment renovation, occupational exposure limits for inhalable and
respirable dusts were exceeded [31]. Based on occupational exposure limits reported in
the safety data sheets, most of the ingredients contained in the studied mixtures show
a respirable dust profile. For this reason, the lowest TLVs that are very frequent in our
construction products are equal to 1 or 0.025 mg/m?. According to ACGIH [8], these
TLVs belong to cement and crystalline silica dust. Although the presence of cement in
the powdery products analyzed is evident, we should point out that quartz was always
found to be lower than 1% in concentration. In EU countries, crystalline silica and other
Category 1 carcinogens placed on the market, either in pure form or as components of
mixtures, must be classified accordingly, unless their concentration is below 0.1% (w/w) [7].
It is important to note that respirable quartz can cause silicosis and other organ damage.
Therefore, products containing these substances should carry the following warnings: “May
cause lung cancer by inhalation” and “Causes damage to lungs.” Natural materials such as
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minerals, ores, gravel, and sand containing quartz are exempt from REACH regulation [6],
provided that they are chemically unmodified. Nevertheless, the European Industrial
Minerals Association (IMA), based on a hazard assessment, has recommended that even
unmodified products containing crystalline silica (fine fraction) must be classified according
to their crystalline silica content [32]. Accordingly, products with respirable crystalline
silica concentrations of 10 wt.% or higher should be labeled STOT RE 1 (Specific Target
Organ Toxicity upon Repeated Exposure, Category 1, H372). For respirable crystalline silica
concentrations between 1.0 and 10 wt.%, the labeling should be STOT RE 2 (Category 2,
H373). Mixtures and substances with respirable crystalline silica (fine fraction) below
1.0 wt.% do not require classification according to IMA guidelines.

In a previous study published in 2021 [33], we assessed the occupational exposure
to inhalable and respirable crystalline silica dusts in the post-earthquake reconstruction
context. Inhalable dust showed higher levels, especially for demolition workers. Overall,
we found low respirable and inhalable dust concentrations, but dust arising from work
activities, as opposed to that originating from powdered chemical products, is not quan-
tifiable. Respirable crystalline silica showed very low concentrations, and this may be
explained by the very scarce presence of quartz in the examined products (always lower
than 1% by weight).

4.3. Ingredients and Sustainability Assessment

Our findings indicate that the composition of powdery construction materials is
closely linked to their intended use, with certain ingredients or combinations preferentially
associated with specific product types. Adhesives and glues are frequently formulated
with cement and quartz, while coatings and plasters often contain cement, hydraulic lime,
and hydrated lime. Mortars, grouts, screeds, and skim coats display distinct combinations
of cement, lime, calcium carbonate, and quartz, reflecting functional requirements such as
bonding strength, workability, or setting time. Stucco and putty products tend to contain
either calcium carbonate alone or no additional cementitious components, consistent with
their lightweight finishing function.

These patterns align with previous studies highlighting that ingredient composition
in construction powders is tailored to optimize performance. Importantly, the presence
of cement and quartz underscores the potential for respirable crystalline silica exposure,
while lime-rich formulations pose risks of skin and eye irritation [34,35].

Solid pollutants such as calcium carbonate, quartz, and cement may contribute to
acute or chronic diseases in construction employees [36]. Respirable-sized particles may
reach the lower respiratory tract and contribute to occupational-related diseases.

An experimental study conducted on powdery construction materials [37] revealed the
airborne behavior of several constituents that we found in our chemical products. Regard-
less of toxicological characteristics, substances like cement, calcium carbonate, hydrated
lime, and grout contribute equally to respirable-sized airborne contamination, due to their
physical properties. Conversely, quartz sand shows a minor contribution to airborne parti-
cle contamination under the same conditions despite Brostrom et al.’s demonstration that
airborne respirable silica is a concerning xenobiotic in indoor construction activities [30].

With regard to the sustainability characteristics of the products, our data highlight
that among the eleven identified uses, less sustainable materials are cement, binders, grout,
and adhesives. Moreover, the analysis indicates that Portland clinker content is moderately
associated with product hazard indicators, thus suggesting a link between sustainability
and chemical risk. Products with the lowest TLV (0.025 mg/m?) tend to contain higher
clinker percentages than those with higher TLVs, even though TLV alone is a weak predictor
of clinker content. Although we found this link, as can be seen in Table 3, TLVs frequence
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distribution is markedly skewed toward values of 1 and 0.025 (95.2% of the total). This
characteristic and the number of possible predictors for the variable “TLV” may influence
the weakness of the relationship between TLV and clinker percentage.

Conversely, risk classification emerges as a stronger determinant, with less hazardous
products consistently exhibiting lower clinker percentages. This pattern aligns with linear
regression results, showing that each unit increase in H-score corresponds to an average
7.4 percentage point rise in clinker content, further reinforcing the inverse association
between sustainability and product hazardousness. Health-related hazard profiles and
environmental impact indicators do not always align across different construction materials.
Overall, these findings demonstrate that “more sustainable” materials are not necessarily
“safer” materials, underscoring the importance of integrating occupational health risk
assessment into sustainability-driven material substitution strategies. Finally, with regard
to the environmental burden of chemicals, it must be said that chemical regulations [6,7]
mandate the manufacturer to identify the environmental hazards (H-400 series); however,
information about CO, emissions and ecological footprint is not specifically required.

The literature provides extensive information about the Portland clinker burden on
CO, emissions [38]. As a result, we chose clinker percentage as a sustainability indica-
tor. The findings indicate that clinker and cement substitution may significantly reduce
greenhouse gas emissions from cement production, with theoretical reductions of up to
44% achievable through the global maximization of secondary cementitious material use.
Ige et al. [39] estimated that several mitigation pathways are technically viable, yet each
is constrained by significant practical limitations. Clinker substitution enables immediate
emission reductions, but it is restricted by the availability and quality of supplementary
cementitious materials, durability requirements, and conservative regulatory standards.

This study has some limitations. First, no comparable studies addressing the specific
objectives of the present work were identified. More specifically, studies using SDSs
to evaluate health-related risks according to the identified uses are currently lacking,
making direct comparisons with previously published results not feasible. With respect to
sustainability, only one study proposes the “Greenness Index” [40], a method based on SDS
data to assess the sustainability of chemical substances; however, this approach differs from
the methodology applied in our study. Although the large amount of data collected would
have allowed for additional analyses (e.g., associations between mixture composition
and other investigated characteristics; an assessment of inconsistencies between updated
and not-updated versions), we deliberately limited our focus to the relationship between
identified use and the other variables considered in this study. The fact that not all safety
data sheets were recently updated may have influenced the study results.

Finally, the involvement of a larger number of construction companies could reveal
additional identified uses or highlight the presence of products with different hazard
profiles, potentially including more hazardous characteristics.

5. Conclusions

To the best of our knowledge, this is the first study that focuses on the identified use
of powdery construction materials. It highlighted some differences in the hazards of the
construction products in terms of risk classification, occupational exposure limits, and
hazard score, especially indicating stucco/putty as an acceptable-hazard product. Cement
is substantially a widespread ingredient, and Portland clinker plays a role in mixture
dangerousness and ecological burden.

Our results may play a key role in the design of safety training programs for con-
struction workers, as well as in the risk assessment processes carried out by stakeholders.
Although SDSs may be an imperfect tool, we believe that they can be effectively used for

https://doi.org/10.3390/su18052331


https://doi.org/10.3390/su18052331

Sustainability 2026, 18, 2331

16 of 18

References

preliminary investigations and to determine which information should be conveyed to
workers during occupational safety training.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/su18052331/s1: Table S1: Frequency distribution of the SDSs
with regard to the nominal variable “Composition/ingredients”; Table S2: Adjusted-residuals post
hoc analysis for the variable “composition/ingredients”; Table S3: Pairwise comparisons of H-scores
between identified uses. p-values are adjusted for multiple comparisons; only statistically significant
comparisons are discussed in the main text; Table S4: Pairwise comparisons of Portland clinker
percentage with regard to identified use. p-values are adjusted for multiple comparisons; only
statistically significant comparisons are discussed in the main text.

Author Contributions: R.M.: conceptualization, data curation, methodology, data curation, for-
mal analysis, writing—original draft. D.C.: data curation, formal analysis, software, visualiza-
tion, writing—review—original draft. E.C.: data curation, formal analysis, software, visualization,
writing—review—original draft. L.T.: visualization, methodology, writing—review and editing.
C.L.: investigation, methodology, writing—original draft. L.F.: conceptualization, formal analysis,
investigation, methodology, project administration, supervision, validation, writing—review and
editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The raw data supporting the findings of this article will be made
available by the authors, without undue reservation.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

OHS occupational health and safety
REACH Registration, Evaluation, Authorisation and Restriction of Chemicals

CLP Classification, Labelling and Packaging
SDS Safety Data Sheet

TLV Threshold Limit Value

TWA Time-Weighted Average

PPE personal protective equipment

CAS Chemical Abstract Service

H-score  hazard score
ACGIH  American Conference of Governmental Industrial Hygienists
OSHA Occupational Safety and Health Authority

SD standard deviation

HSE Health and Safety Executive
LCIA Life Cycle Impact Assessment
IMA Industrial Minerals Association
EU European Union

1. Muralidhar, G.; Vinoth, A.; Uniyal, U.; Sen, K.N. Enhancing Construction Safety Through Workplace Surveillance and Systematic
Follow-Ups. Am. ]. Ind. Med. 2025, 68, S98-5105. [CrossRef]

National Institute for Occupational Safety and Health. Hazard Review: Health Effects of Occupational Exposure to Res-

pirable Crystalline Silica (DHHS Publication No. 2002-129). 2002. Available online: https://www.cdc.gov/niosh/docs/2002-
129/pdfs/2002-129.pdf?id=10.26616/ NIOSHPUB2002129 (accessed on 25 November 2025).

https://doi.org/10.3390/su18052331


https://www.mdpi.com/article/10.3390/su18052331/s1
https://www.mdpi.com/article/10.3390/su18052331/s1
https://doi.org/10.1002/ajim.23703
https://www.cdc.gov/niosh/docs/2002-129/pdfs/2002-129.pdf?id=10.26616/NIOSHPUB2002129
https://www.cdc.gov/niosh/docs/2002-129/pdfs/2002-129.pdf?id=10.26616/NIOSHPUB2002129
https://doi.org/10.3390/su18052331

Sustainability 2026, 18, 2331 17 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Arsenic, Metals, Fibres and Dusts; IARC Monographs
on the Evaluation of Carcinogenic Risks to Humans, No. 100C; International Agency for Research on Cancer: Lyon, France, 2012.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK304375/ (accessed on 25 November 2025).

International Labour Organization. Diagnostic and Exposure Criteria for Occupational Diseases: Guidance Notes for Diagnosis and
Prevention of the Diseases in the ILO List of Occupational Diseases (Revised 2010); ILO: Geneva, Switzerland, 2022. Available online:
https:/ /www.ilo.org/sites/default/files /2024-07 /wcms_836362.pdf (accessed on 25 November 2025).

Official Gazette. Italian Legislative Decree n. 81 on 9 April 2008. Implementation of Art. 1 of Law No 123 of 3 August 2007 on the Protection of
Health and Safety at Work. Official Gazette, n. 101, 30/04/2008, Ordinary Supplement n. 108; Official Gazette: Rome, Italy, 2008.
European Parliament & Council. Regulation (EC) No. 1907/2006 of the European Parliament and of the Council of 18 December
2006 Concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH). 2006. Available online:
https:/ /eur-lex.europa.eu/eli/reg /2006 /1907 /oj (accessed on 25 November 2025).

European Parliament & Council. Regulation (EC) No. 1272/2008 on Classification, Labelling and Packaging of Substances
and Mixtures (CLP Regulation). 2008. Available online: https://eur-lex.europa.eu/eli/reg/2008/1272/0j/eng (accessed on
25 November 2025).

Maynard, R.L. TLVs and BEIs: Threshold limit values for chemical substances and physical agents & biological exposure indices.
In Proceedings of the American Conference of Governmental Industrial Hygienists, Sharonville, OH, USA, 28-30 April 2024.
Mastrantonio, R.; Cofini, V.; Mastrangeli, G.; Pettinaro, M.; Mastrodomenico, M.; Fabiani, L. Occupational risk perception of
construction workers: A cross sectional study. Front. Public Health 2024, 12, 1338604. [CrossRef]

Mastrantonio, R.; Cofini, V.; Tobia, L.; Mastrangeli, G.; Guerriero, P.; Cipollone, C.; Fabiani, L. Assessing Occupational Chemical
Risk Perception in Construction Workers: A Cross-Sectional Study. Sustainability 2025, 17, 3332. [CrossRef]

Kularatne, RK.A. Do safety data sheets (SDS) and chemical labels effectively communicate safety hazards and precautions? An
initial appraisal report with special reference to reproductive toxicant chemicals used in biotechnology applications. Toxicol. Ind.
Health 2025, 41, 234—264. [CrossRef] [PubMed]

European Chemicals Agency (ECHA). Compliance of Safety Data Sheets—Still Room for Improvement. 2023. Available
online: https://echa.europa.eu/-/compliance-of-safety-data-sheets-still-room-for-improvement#:~:text=An%20EU%2Dwide%
20project%?200f,SDS)%20were%20non%2Dcomplian (accessed on 25 November 2025).

Khaiyum, M.Z,; Sarker, S.; Kabir, G. Evaluation of Carbon Emission Factors in the Cement Industry: An Emerging Economy
Context. Sustainability 2023, 15, 15407. [CrossRef]

Durastanti, C.; Moretti, L. Assessing the climate effects of clinker production: A statistical analysis to reduce its environmental
impacts. Clean. Environ. Syst. 2024, 14, 100204. [CrossRef]

Anderson, J.; Moncaster, A. Embodied carbon of concrete in buildings, Part 1: Analysis of published EPD. Build. Cities 2020, 1,
198-217. [CrossRef]

Ferrari, L.; Bortolotti, V.; Mikanovic, N.; Ben-Haha, M.; Franzoni, E. Understanding workability of low carbon cements through
advanced water detection techniques. Sci. Rep. 2025, 15, 35112. [CrossRef]

Shi, Y,; Li, Y.;; Yuan, X.; Fu, ].; Ma, Q.; Wang, Q. Environmental and human health risk evaluation of heavy metals in ceramsites
from municipal solid waste incineration fly ash. Environ. Geochem. Health 2020, 42, 3779-3794. [CrossRef]

Paswan, D.; Shabiimam, M.A.; Shaikh, M.; Nadar, A.; Maniyar, S.D. Heavy Metals in Fly Ash; Its Impact on Human Health and
Environment. In Proceedings of the NICMAR 2nd International Conference on Construction, Real Estate, Infrastructure and
Project (CRIP) Management, Pune, India, 10-11 November 2017.

Regione Emilia Romagna. Modello di Valutazione del Rischio da Agenti Chimici Pericolosi per la Salute ad Uso Delle Piccole
e Medie Imprese. 2025. Available online: https://www.ausl.mo.it/media/MoVaRisCh-2025-bozza-del-28.02.25.pdf?x7528
(accessed on 1 December 2025).

Mastrantonio, R.; Scatigna, M.; D’Abramo, M.; Martinez, V.; Paoletti, A.; Fabiani, L. Experimental Application of Semi-Quantitative
Methods for the Assessment of Occupational Exposure to Hazardous Chemicals in Research Laboratories. Risk Manag. Healhc.
Policy 2020, 13, 1929-1937. [CrossRef] [PubMed] [PubMed Central]

World Economic Forum. High-Emitting Sectors: Challenges and Opportunities for Low-Carbon Suppliers. Insight Report. Septem-
ber 2024. Available online: https://www3.weforum.org/docs/WEF_High Emitting Sectors_Challenges_and_Opportunities_
for_Low_Carbon_Suppliers_2024.pdf (accessed on 12 December 2025).

Eggleston, H.S.; Buendia, L.; Miwa, K.; Ngara, T.; Tanabe, K. 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Agriculture, Forestry and Other Land Use; National Greenhouse Gas Inventories Programme; IPCC: Geneva, Switzerland, 2006;
ISBN 4-88788-032-4.

Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillside, NJ, USA, 1988.
Health and Safety Executive. Hazardous Substances. Available online: https://www.hse.gov.uk/construction/healthrisks/
hazardous-substances/cement.htm (accessed on 29 December 2025).

https:/ /doi.org/10.3390/su18052331


https://www.ncbi.nlm.nih.gov/books/NBK304375/
https://www.ilo.org/sites/default/files/2024-07/wcms_836362.pdf
https://eur-lex.europa.eu/eli/reg/2006/1907/oj
https://eur-lex.europa.eu/eli/reg/2008/1272/oj/eng
https://doi.org/10.3389/fpubh.2024.1338604
https://doi.org/10.3390/su17083332
https://doi.org/10.1177/07482337251320750
https://www.ncbi.nlm.nih.gov/pubmed/40080719
https://echa.europa.eu/-/compliance-of-safety-data-sheets-still-room-for-improvement#:~:text=An%20EU%2Dwide%20project%20of,SDS)%20were%20non%2Dcomplian
https://echa.europa.eu/-/compliance-of-safety-data-sheets-still-room-for-improvement#:~:text=An%20EU%2Dwide%20project%20of,SDS)%20were%20non%2Dcomplian
https://doi.org/10.3390/su152115407
https://doi.org/10.1016/j.cesys.2024.100204
https://doi.org/10.5334/bc.59
https://doi.org/10.1038/s41598-025-19203-3
https://doi.org/10.1007/s10653-020-00639-7
https://www.ausl.mo.it/media/MoVaRisCh-2025-bozza-del-28.02.25.pdf?x7528
https://doi.org/10.2147/RMHP.S248469
https://www.ncbi.nlm.nih.gov/pubmed/33116974
https://pmc.ncbi.nlm.nih.gov/articles/PMC7547791
https://www3.weforum.org/docs/WEF_High_Emitting_Sectors_Challenges_and_Opportunities_for_Low_Carbon_Suppliers_2024.pdf
https://www3.weforum.org/docs/WEF_High_Emitting_Sectors_Challenges_and_Opportunities_for_Low_Carbon_Suppliers_2024.pdf
https://www.hse.gov.uk/construction/healthrisks/hazardous-substances/cement.htm
https://www.hse.gov.uk/construction/healthrisks/hazardous-substances/cement.htm
https://doi.org/10.3390/su18052331

Sustainability 2026, 18, 2331 18 of 18

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ho, K,; Tenkate, T. Safety Data Sheets as a Hazard Communication Tool: An Assessment of Suitability and Readability. Saf. Health
Work 2024, 15, 192-199. [CrossRef]

Rey—Alvarez, B.; Silvestre, J.; Garcia-Martinez, A.; Sdnchez-Montanés, B. A comparative approach to evaluate the toxicity of
building materials through life cycle assessment. Sci. Total. Environ. 2024, 912, 168897. [CrossRef] [PubMed]

Rosenbaum, R K.; Huijbregts, M.A.].; Henderson, A.D.; Margni, M.; McKone, T.E.; van de Meent, D.; Hauschild, M.Z.; Shaked, S.;
Li, D.S.; Gold, L.S; et al. USEtox human exposure and toxicity factors for comparative assessment of toxic emissions in life cycle
analysis: Sensitivity to key chemical properties. Int. J. Life Cycle Assess. 2011, 16, 710-727. [CrossRef]

Mishra, A.K.; Sudarsan, ].S.; Nithiyanantham, S. Toxicological analysis of building materials to determine the effects of sick
building syndrome on occupants and construction workers. J. Umm Al-Qura Univ. Eng. Arch. 2025, 16, 225-236. [CrossRef]
Cetintepe, S.P.; Demirbas, O.B.; Dinke, B.; Ilhan, M.N. Is exposure to cement dust and heavy metals associated with reduced
pulmonary function? A cross-sectional study among cement factory workers in Tiirkiye. BMJ Open 2025, 15, €102214. [CrossRef]
Brostrem, A.; Thalmann, J.; Liisberg, ].B.; Husovska, F.; Meller, S.H.; Rasmussen, ].T.; Jensen, T.N.; Jensen, S.B.; Jensen, K.A.;
Cole-Hunter, T.; et al. Task specific assessment of particle exposure and low-cost sensor performance in indoor construction
environments. Atmos. Environ. X 2025, 26, 100336. [CrossRef]

National Institute for Occupational Safety and Health (NIOSH). NIOSH Manual of Analytical Methods, Method 7303. U.S.
Department of Health and Human Services, Centers for Disease Control and Prevention, DHHS (NIOSH). 2014. Available online:
http:/ /www.cdc.gov/niosh/docs/2003-154/ (accessed on 12 December 2025).

IMA. Industrial Minerals Europe (IMA Europe) Position Paper, Classification and Labelling of Crystalline Silica (Fine Fraction).
Available online: https:/ /safesilica.eu/wp-content/uploads/2023 /03 /Position-Paper-Classification-of-RCS-2022.pdf (accessed
on 3 October 2023).

Mastrantonio, R.; Civisca, A.; Siciliano, E.; Inglese, E.; Lippolis, T.; Pompei, D.; Cococcetta, L.; Scatigna, M.; Fabiani, L. Exposure
assessment to inhalable and respirable dust in the post-earthquake construction sites in the city of ’Aquila. J. Occup. Health 2021,
63, €12296. [CrossRef] [PubMed] [PubMed Central]

Gharpure, A.; Heim, J.W., II; Vander Wal, R.L. Characterization and Hazard Identification of Respirable Cement and Concrete
Dust from Construction Activities. Int. . Environ. Res. Public Health 2021, 18, 10126. [CrossRef]

Lime: Chemical risk and Prevention. Available online: https://www.prevor.com/en/lime-chemical-risk-and-prevention/
(accessed on 15 January 2026).

Eduard, W.; Weinbruch, S.; Skogstad, A.; Skare, @.; Nordby, K.-C.; Note, H. Content of clinker and other materials in personal tho-
racic aerosol samples from cement plants estimated by scanning electron microscopy and energy-dispersive X-ray microanalysis.
Ann. Work. Expo. Health 2023, 67, 990-1003. [CrossRef]

Prasauskas, T.; Zemaityté, A.; Krugly, E.; Ciuzas, D.; Martuzevicius, D. Characterization of Particle Size Distributions of Powdery
Building Material Aerosol Generated by Fluidization and Gravitation. Environ. Res. Eng. Manag. 2012, 61, 50-57. [CrossRef]
Shah, L.H.; Miller, S.A.; Jiang, D.; Myers, R.J. Cement substitution with secondary materials can reduce annual global CO,
emissions by up to 1.3 gigatons. Nat. Commun. 2022, 13, 5758. [CrossRef] [PubMed]

Ige, O.E.; Kabeya, M. Decarbonizing the Cement Industry: Technological, Economic, and Policy Barriers to CO, Mitigation
Adoption. Clean Technol. 2025, 7, 85. [CrossRef]

Shen, Y; Lo, C.; Nagaraj, D.; Farinato, R.; Essenfeld, A.; Somasundaran, P. Development of Greenness Index as an evaluation tool
to assess reagents: Evaluation based on SDS (Safety Data Sheet) information. Miner. Eng. 2016, 94, 1-9. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18052331


https://doi.org/10.1016/j.shaw.2024.01.006
https://doi.org/10.1016/j.scitotenv.2023.168897
https://www.ncbi.nlm.nih.gov/pubmed/38016559
https://doi.org/10.1007/s11367-011-0316-4
https://doi.org/10.1007/s43995-025-00096-2
https://doi.org/10.1136/bmjopen-2025-102214
https://doi.org/10.1016/j.aeaoa.2025.100336
http://www.cdc.gov/niosh/docs/2003-154/
https://safesilica.eu/wp-content/uploads/2023/03/Position-Paper-Classification-of-RCS-2022.pdf
https://doi.org/10.1002/1348-9585.12296
https://www.ncbi.nlm.nih.gov/pubmed/34851000
https://pmc.ncbi.nlm.nih.gov/articles/PMC8634115
https://doi.org/10.3390/ijerph181910126
https://www.prevor.com/en/lime-chemical-risk-and-prevention/
https://doi.org/10.1093/annweh/wxad047
https://doi.org/10.5755/j01.erem.61.3.1519
https://doi.org/10.1038/s41467-022-33289-7
https://www.ncbi.nlm.nih.gov/pubmed/36180443
https://doi.org/10.3390/cleantechnol7040085
https://doi.org/10.1016/j.mineng.2016.04.015
https://doi.org/10.3390/su18052331

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Identified Use Characteristics and Updated Status of the SDSs 
	Hazards of the Construction Materials and Occupational Exposure Limits 
	Ingredients and Sustainability Assessment 

	Conclusions 
	References

