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Abstract

Rapid urbanization and the rise of high-rise construction projects have
intensified environmental challenges, making pollution control a
critical concern for sustainable development. This study aims to
systematically identify and classify pollution factors at high-rise
construction sites, focusing on the Vietnamese context. A structured
literature review was conducted, based on 125 publications retrieved
from Web of Science, Scopus, ScienceDirect, and Google Scholar. After
screening for relevance and quality, 32 studies were selected for
detailed content analysis and frequency analysis of pollution factors.
Findings show two categories of factors: direct factors, including
construction processes, machinery, equipment, and transportation,
and on-site human activities; and indirect factors, encompassing
management and people, material management, and environmental
and external factors across four pollution categories: air, noise, water
and solid waste. A frequency matrix was developed to map how often
each factor was linked to different pollution types. Key hotspots
identified include material and waste haulage (34.4%), earthworks
(31.3%), and machinery operation (31.3%), which collectively
dominate air and noise pollution across the reviewed studies.
Construction wastewater and runoff (21.9%) are the leading
contributors to water pollution. In contrast, design errors (25%) and
weak workforce skills (21.9%) were the dominant drivers of solid
waste. Based on these results, three strategic directions are proposed:
(i) source control and immediate mitigation for mechanized activities
and point-source discharges; (ii) upstream prevention through
improved design, planning, and material management; and (iii)
enhancement of human resources and stakeholder environmental
awareness. The study identifies the pollution factors associated with
construction activities and emphasizes the necessity for integrated
strategies to ensure sustainable urban growth.

This is an open access article under the CC BY-NC-SA 4.0 license.
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1. Introduction

The construction industry is a fundamental driver of Vietnam’s economic development. The industry and
construction sector recorded a GDP growth rate of 8.24% and accounts for 37.64% of Vietnam’s economic
structure [1]. Driven by rapid urbanization, with 38.1% of the population now residing in urban areas [2]. This
trend has intensified demand for housing and infrastructure, leading to a surge in high-rise building projects. It
was found that the floor area of apartment buildings with 26 or more floors rose by 9.1% on average per year,
reaching 690,800 m2. This was the biggest rate of growth for any type of apartment building [3]. However, this
rapid growth has created substantial environmental risks. The construction sector is responsible for 23% of air
pollution, 24% of greenhouse gas emissions, nearly 50% of natural resource consumption, and 40% of drinking
water contamination[4]. Activities like demolition and the operation of heavy machinery generate dust and
emissions that seriously affect local air quality [5]. These impacts highlight the urgent need for pollution control
measures. The impact of environmental pollution are diverse and interrelated. For instance, dust affects both air
quality and surface water. Beyond health risks, adverse conditions reduce labor productivity and cause delays[6-
8], while environmental incidents may lead to project suspension and financial losses.

High-rise construction projects intensify environmental impacts by concentrating materials, machinery, and
labor in confined spaces. Deep excavation and vertical material transport generate more dust, noise, waste, and
emissions than low-rise projects, potentially producing greater lifecycle carbon emissions[9]. Definitions of “high-
rise” vary globally, ranging from over 23 meters in the US[10], to specific height categories in China [11]; however,
Vietnam’s TCVN 9363:2012 defines high-rises as buildings between 9 and 40 stories[12]. These large-scale,
complex techniques, significant material demand, and heavy machinery consistently magnify their environmental
impacts. Therefore, adopting effective control measures is urgent, positioning the environmental aspect as a
primary pillar of sustainable construction [13].

Vietnam addresses these challenges through a comprehensive legal framework, including the 2020 Law on
Environmental Protection and Decree 16/2022/ND-CP, which mandates EIAs and penalizes violations, while
circulars promote green buildings[14]. In parallel, contractors are encouraged to adopt Environmental
Management Systems (EMS) based on ISO 14001, as well as certifications such as LEED, LOTUS, or BREEAM. These
improve competitiveness [15], reduces penalties and associated costs [16], ensure quality and safety[17,18], and
enhance project value[19].

Numerous studies have examined the environmental impacts of construction activities. Numerous studies
have focused on individual pollution types, such as dust and particulate matter [20-22], noise [23-26], water
pollution, and liquid waste [27-29], or construction and demolition (C&D) waste [30-38]. However, most existing
studies focus on single pollution types or specific activities, whereas integrated analyses that simultaneously cover
air, noise, water, and solid waste pollution during the construction phase are still limited. Moreover, few studies
have specifically examined pollution factors unique to high-rise buildings (HRBs). Unlike low-rise projects, HRBs
present distinct technical challenges, such as deep excavations, massive concrete pours, and vertical material
transport, which significantly intensify emission loads and prolong exposure durations [39,40]. Examining these
specific factors is particularly critical within the context of Vietnam’s urbanization, where the insertion of large-
scale projects into high population density and narrow urban spaces exacerbates pollution dispersion and
community health risks. Current literature often overlooks this specific interaction between high-rise typology
and dense urban environments, failing to provide tailored mitigation strategies for such intensive construction
sites. Finally, there is a lack of structured classification frameworks that systematically categorize pollution-
contributing factors into meaningful groups, such as direct versus indirect factors, that can inform targeted
mitigation strategies. Although Belayutham et al. introduced the concept of "proximal and distal factors" for water
pollution [29], this framework has not been extended to encompass all types of pollution at construction sites.

Therefore, to fill this gap, this study develops a classification framework of factors specifically tailored to the
high-rise context and proposes mitigation strategy priorities for these factors. The findings are expected to
provide a foundation for further qualitative and quantitative analyses, as well as support preventive management
strategies for project owners, contractors, consultants, and regulators.

2. Methodology

2.1 Research Approach and Search Strategy

This study employed a structured review approach, rather than a conventional Systematic Literature Review
(SLR), to identify and classify environmental pollution factors at high-rise construction sites. Due to the nascent
nature of research specifically focusing on pollution exclusively at high-rise sites. While an SLR typically requires
a homogenous dataset for statistical aggregation, the current body of knowledge necessitates a more flexible,
deductive approach. This method enables the inclusion of broader construction pollution literature, which is then
critically analyzed in light of the specific technical characteristics of high-rise projects (e.g., deep excavation,
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vertical transportation, and high-density site constraints) to construct a comprehensive theoretical framework.
This may serve as a baseline for future empirical validation in the Vietnamese context (e.g., expert interviews).

To ensure a comprehensive identification of pollution factors, the search strategy was structured to cover four
specific types of pollution: Air, Water, Noise, and Solid Waste. The search was conducted on Web of Science,
Scopus, ScienceDirect, and Google Scholar [41], covering the period 2010-2025. The search strings combined
“specific type of pollution keywords” with "Construction context keywords" using Boolean operators (AND, OR).
While the primary focus was on “high-rise construction sites”, general terms like “Construction site” were also
included to capture fundamental pollution factors (e.g., dust from concrete, noise from piling) that apply to vertical
construction. The detailed search strings are presented in Table 1.

Table 1 Search strings and keywords used in the review

pq;}l]lrl)l eti(c)>fn Keywords and Search Strings
Air Pollution (“Air pollution” OR “Dust emission” OR “Particulate matter” OR “PM10/PM2.5”) AND
(“Construction site” OR “High-rise construction” OR “Building execution”)
Noise (“Noise pollution” OR “Construction noise” OR “Sound emission”) AND (“Construction site” OR
Pollution “High-rise project” OR “Piling works” OR “Machinery operation”)
Water (“Water pollution” OR “Wastewater discharge” OR “Runoff” OR “Sedimentation”) AND
Pollution (“Construction site" OR “High-rise building” OR “Excavation works”)

Solid Waste  (“Solid waste” OR “Construction and Demolition waste” OR “C&D waste”) AND (“Construction
site” OR “High-rise construction” OR “Material wastage”)

2.2 Screening and Selection Process

Following the identification phase (resulting in 125 initial records), a multi-stage manual screening process was
conducted to select the most relevant studies (Figure 1). First, titles and abstracts were screened to exclude
duplicates and studies focusing on the operational phase or infrastructure (e.g., roads, bridges, tunnels). Only
studies addressing the construction execution phase were retained (n = 60). Subsequently, due to the limited
literature exclusively targeting high-rise pollution, this study reviewed general building construction literature
and applied a qualitative filter based on high-rise technical features. Pollution factors were retained only if they
were relevant to critical high-rise activities, specifically vertical material transportation, deep foundation works
[40], and the amplification of dust dispersion due to wind loads at height [39]. Finally, the remaining studies
underwent a quality appraisal. Articles were included only if they provided identifiable pollution factors
supported by empirical data or clear qualitative observations. This resulted in 32 studies selected for the final
synthesis.

2.3 Data Extraction, Classification, and Analysis

Pollution factors were systematically extracted from the selected 32 studies and organized using a Causal
Classification Framework adapted from previous research on construction-site water pollution [28,29]. This
classification serves a practical purpose, enabling stakeholders to distinguish between symptoms (Direct) that
require immediate suppression and root causes (Indirect) that require upstream policy intervention.

e Direct Factors (Proximal): Defined as tangible on-site activities and physical processes that
immediately release pollutants into the environment (e.g., earthworks, machinery operation, vertical
material transportation).

e Indirect Factors (Distal): Defined as latent conditions, managerial decisions, or external environments
that do not generate pollution directly but influence the occurrence and intensity of direct factors (e.g.,
design quality, project planning, workforce competence).

To resolve potential overlaps between categories, a "Root Cause Priority" coding rule was applied. Factors
exhibiting a dual nature, such as rework, which generates physical waste (direct) but stems from design errors
(indirect), were coded under their systemic origin (Indirect Factors). This approach ensures the analysis captures
root causes, facilitating the identification of upstream preventive strategies rather than symptomatic controls.

To ensure the reliability of the categorization process, two authors independently coded the factors and
subsequently cross-checked the results. Given that the study aimed for a qualitative classification rather than a
quantitative scale measurement, Inter-Rater Reliability (IRR) metrics were not computed; instead, any
discrepancies in categorization were resolved through discussion until a consensus was reached.
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Finally, to quantify the significance of each factor within the reviewed literature, a frequency analysis was
performed. The unit of analysis was the presence of a factor within a study (binary coding: 1 = presence, 0 =
absence). The frequency (F) was calculated using the formula:

F(%) = % x 100 )

Where:
e nis the number of studies citing the specific factor;
e Nis the total number of included studies (N = 32). This quantitative step identifies the most critical
pollution "hotspots" and consensus areas in current research.

Phase 1: Identification

= Source: Web of Science, Scopus, ScienceDirect, Google Scholar Excluded (n = 65)
= Search Strategy: domain-specific keywords (Air, Water, Noise, - Duplicate
Solid Waste) - Irrelevant topic

= Result: n=125

A\ 4

Phase 2: Technical Screening

(Title and Abstract Review) Excluded (n = 28)

- Lack of specific pollution data

= Criteria: Construction Phase only, exclude operational Phase, - Low relevance to vertical
infrastructure construction

= Result: n =60

v

\ 4

Phase 3: Contextual filtering and appraisal
(Full text Review)

= Criteria: high-rise technical feature
= Result:n=32

A\ 4

Phase 4: Extraction, Classification, and Analysis
= (lassification: direct (proximal) vs. indirect (distal)
= Analysis: Frequency Calculation (F%)
= Development of mitigation strategies

Fig. 1 Research framework for the study

3. Findings and Discussion

3.1 Categorization and Characteristics of Pollution Factors

Previous studies have extensively examined environmental pollution associated with construction activities and
have proposed a wide range of mitigation strategies. The literature consistently highlights four principal
categories of pollution generated during the construction phase: air, water, noise, and solid waste[20,21,42-45].

To address the complexity of high-rise construction without overwhelming detail, the extensive lists of
specific activities have been consolidated into Table 2. This summary highlights the primary impact mechanisms
for each pollution domain. The comprehensive inventory of activities and associated references is provided in
Appendices A-D.
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Table 2 Summary of key environmental pollution factors at construction sites
Type of Factor Group Key Sources and Impact Description
Pollution
Air I. Construction Process Fugitive dust from site preparation, onsite construction
Pollution activities, finishing works (cutting, grinding), and worker
(See domestic activities
Appendix L. Machinery and Equipment Exhaust Emissions: CO, NOx, SO2, and PM released from
A) internal combustion engines of heavy machinery (excavators,
cranes).

I1I. Transportation Re-suspended Dust: Haulage trucks transporting
materials/waste generate exhaust and re-suspend road dust
on unpaved surfaces.

IV. Indirect Factors Macro-drivers: Socio-economic variables and financial
constraints influencing the scale of emissions and technology
adoption.

Noise I. Direct Sources Mechanical and Impulse Noise: Continuous noise from heavy
Pollution  (Machinery and Equipment; machinery; high-intensity impulse noise from

(See Impacted-Related Activities; piling/breaking; and intermittent noise from power tools and
Appendix  Manual Activities and workforce communication.

B) Workforce)
I Indirect Sources Propagation: Site spatial characteristics (e.g., confined spaces,

reflection from existing buildings) that amplify sound levels.

Water I. Direct Sources Wastewater and Runoff: Construction wastewater (washing,
Pollution curing); Domestic sewage from workers; Stormwater runoff
(See carrying sediments; Leaks and spills.
Appendix |1 pdirect Sources Management and Nature: Managerial deficiencies
Q) (supervision, planning) and natural factors (heavy rainfall,
topography) intensifying pollution risks.
Solid I. Direct Sources Physical Generation: Waste arising directly from C&D
Waste activities (rework, demolition, surplus materials) and
(See domestic waste from on-site workers.
Appendix II. Indirect Sources Root Causes: Design, Management, Material/Procurement;
D) External.

3.1.1 Air pollution factors

Air pollution primarily stems from dust and gaseous emissions[21],[23]. Air pollution from construction activities
is a complex, multi-source issue spanning nearly all project phases. These sources are interrelated, producing
cumulative impacts on surrounding air quality. Among them, construction processes are the most diverse and
persistent contributors, ranging from site preparation (including earthworks, demolition, and clearance) to
finishing works. Finishing activities, such as the use of paints and solvents, release volatile organic compounds
(VOCs)[46], while cutting, grinding, and drilling generate fine particulate matter (PM2.5 and PM10)[44,47-49].
Domestic subsistence activities of workers also contribute[21], indicating that pollution control requires a
comprehensive rather than a narrow, activity-focused approach.

Construction machinery and equipment represent concentrated sources of toxic emissions. Diesel
combustion produces particulate matter alongside exhaust gases (SO,, NOx, C0)[20,22,44,47,50-52]. Emissions
depend on engine type, fuel quality, and maintenance practices[20,44]. Heavy equipment and haul trucks also
resuspend dust along access roads, especially on unpaved or poorly maintained surfaces[20,21,42-48,51,53]. At
the broader scale, macro-level determinants such as GDP growth, urbanization rates, and financial constraints
significantly influence both the scale and carbon intensity of the sector[53,54]. In practice, conflicts of interest
often lead contractors to prioritize schedule and cost over environmental protection[53]. These findings imply
that effective air pollution mitigation strategies require not only on-site measures (for example, dust suppression,
equipment maintenance, cleaner fuels) but also urban planning, financial policies that encourage low-emission
technologies and practices.
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3.1.2 Noise Pollution Factors

Noise pollution is another critical environmental issue in construction, with severe implications for human health.
Prolonged exposure to high noise levels has been linked to cardiovascular disease, sleep disorders, and increased
mortality[55]. Noise pollution from construction activities can be grouped into two main categories: direct and
indirect sources. Direct sources actively generate sound and constitute the dominant contributors. Among them,
heavy machinery such as excavators, bulldozers, and pile drivers, along with transport vehicles, produces
continuous noise from internal combustion engines[20,23-25,42-47]. Impact-related activities, including
concrete breaking, pile driving, and blasting, create extremely high-intensity noise with immediate adverse
environmental effects[20,26,42,44]. In addition, noise from manual activities and workforce behavior, such as the
use of handheld power tools and loud vocal communication, also contributes significantly to overall site noise
levels[24,25,44].

Indirect sources do not generate noise directly but intensify its propagation. Site and environmental
conditions, particularly when construction occurs in confined spaces or near existing structures, amplify sound
through reflection and reverberation[44].

Overall, construction noise pollution results from the interaction between direct sources and the physical
environment. Effective mitigation strategies, therefore, require not only source-control measures but also site
layout planning.

3.1.3 Water Pollution Factors

Water pollution from construction activities represents a significant environmental challenge, causing potentially
irreversible damage to surrounding ecosystems and necessitating costly, resource-intensive remediation[42].
This pollution arises from multiple sources that affect both surface and groundwater quality.

Direct sources are point discharges, including process wastewater from equipment washing, concrete curing,
material rinsing, and hydrostatic testing[20,21,27,42,43,45,47] as well as domestic sewage from the
workforce[21,42,43,45]. These effluents typically contain high concentrations of suspended solids, oil, grease, and
organic matter. In addition, stormwater runoff and erosion represent major non-point sources. Site preparation
works, such as leveling and clearance, remove vegetative cover and make the soil highly vulnerable to erosion.
Runoff then transports sediments and other pollutants (soil, grease, and chemicals) into receiving waters,
degrading their quality[20,21,28,44]. Accidental spills and the intentional discharge of untreated wastewater can
also trigger acute, localized toxic contamination[20,44].

Indirect sources do not generate pollutants themselves but intensify the risks associated with direct ones.
Managerial and human-related deficiencies, such as poor planning, inadequate supervision, design errors,
negligence, and construction delays, undermine pollution control effectiveness[28,29,44]. At the same time,
natural conditions like heavy rainfall and challenging topography can greatly increase erosion and pollution
severity[28,29].

Effective mitigation strategies for water pollution at high-rise construction sites require a combination of
technical measures to address direct emissions and managerial actions to improve indirect factors such as
stronger project management, better design practices, and greater stakeholder awareness.

3.1.4 Solid Waste Factors

Construction solid waste can be categorized into four groups: (a) recyclable; (b) reusable, either on-site or in other
projects; (c) non-recyclable and non-reusable, designated for landfilling; and (d) hazardous waste [56]. In
Vietnam, rapid urbanization and economic growth have driven widespread construction, renovation, and
demolition activities, particularly in major cities such as Hanoi and Ho Chi Minh City. These operations generate
substantial volumes of Construction and Demolition (C&D) waste, leading to resource wastage and substantial
environmental impacts.

As with other pollution types, factors contributing to solid waste in construction are grouped into two
categories: direct and indirect sources. Direct sources involve on-site activities and processes that physically
generate waste. They are tangible points of waste production and often result from shortcomings influenced by
indirect factors.

Construction and demolition (C&D) activities constitute a major share of waste. Rework caused by
construction errors, repeatedly identified in prior studies[23,30,31,44], consumes additional materials and
converts installed ones into debris such as concrete, bricks, and mortar. Demolition further produces large
volumes of waste in the early stages[43,45]. In addition, surplus materials and packaging continuously contribute
waste, including off-cuts, cement bags, plastic sheeting, scrap steel, and containers[20,21,44,45,47].

On-site domestic activities also generate waste, including organic (e.g., food scraps) and inorganic (e.g.,
bottles, bags, paper) components[21,42-45,47]. If unmanaged, these cause sanitation issues such as odors and
pathogen growth.
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Indirect sources are recognized as the root causes. Design-related deficiencies (frequent errors, changes,
inaccurate drawings, and unclear specifications) are widely cited[23,30-35,44]. Meng et al. (2024) highlight that
design decisions, such as increasing the rate of assembly and controlling the building height and floor area during
the design, can reduce the generation of solid waste [35]. Early deficiencies often trigger chain reactions with long-
term impacts.

Managerial problems exacerbate design flaws. Ineffective planning, weak supervision, and poor coordination
create disorganized environments and delay problem resolution[23,30,31,33,34,36,37,44]. These weaknesses
extend to the supply chain, including improper storage and handling[31,33,34,36,38], as well as procurement
errors such as over-ordering[20,31,33,38,44].

Workers’ behavior and attitudes play a decisive role: low skill levels, inexperience among technical staff, and
poor workmanship cause significant errors[23,30,31,33,34,37,44]. Additionally, limited awareness and negative
attitudes toward waste management increase waste volumes [31].

In summary, solid waste generation at construction sites is a systemic issue. Effective mitigation needs to
address indirect sources rather than only treating the visible waste on-site.

3.2 Frequency Analysis and Classification

Based on the structured literature review, the identified environmental pollution factors were synthesized into a
streamlined taxonomy comprising 27 key factors. These were categorized into Direct Sources (construction
processes, machinery, human activities) and Indirect Sources (management, design, external factors). To quantify
the significance of the identified factors, a frequency analysis was conducted based on the 32 selected studies. The
results are presented in Table 3, categorized by the Direct/Indirect framework established in the Methodology.
The frequency indicates the number of studies (n) and the percentage (%) of total studies (N = 32) that explicitly
cited a specific factor as a contributor to each pollution type. The matrix highlights several important patterns.

Table 3 Frequency matrix of pollutant factors across pollution type

Frequency (%)
. . . Noise Water Solid
Group Factor Detailed Factor Air Po})l/utlon Pollution  Pollution Waste
n (%) n©)  n%)  n(%)
[. Direct Factors Group
Construction 1  Earthworks (excavation, land
Process leveling, backfilling, site clearance) 10(31.3) 6(18.8)

2 Demolition and blasting of
structures and non-conforming 7 (21.9) 3(9.4) 6 (18.8)
construction elements.

3  Loading/Unloading, storage, and

handling of construction materials 6(18.8)
4  On-site material production and
processing (e.g., cutting, crushing, 7 (21.9) 1(3.1)

grinding, drilling, concrete and
mortar mixing)

5  Emissions and leaks/spills from
materials (e.g., paints, solvents, 1(3.1) 2(6.3)
chemicals, oil, and grease).

6  Impact-related noise activities
(e.g., pile driving,
erection/dismantling of
scaffolding).

6 (18.8)

7  Construction Wastewater
(washing vehicles/equipment,
concrete curing, machinery
cooling) and Runoff

7 (21.9)

8 Surface finishing, site cleaning, and

waste removal 2(63) 5(15.6)
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Machinery, 9 Operation of construction
Equipment, and machinery and equipment (diesel 7 (21.9) 10 (31.3)
Transportation engines)
10 Maint.enance and se?rvicing of 2 (6.3)
machinery and equipment.
11 Material, soil, and waste haulage 11 (34.4) 5 (15.6)
Human Activities 12 Domestic activities of on-site
on the workers. 1(3.1) 4(12.5) 6 (18.8)
Construction Site 13 Loud vocal communication,
shouting, and the use of . 3 (9.4)
loudspeakers on the construction
site.
II. Indirect Factors Group
Management and 14 Frequent design errors and
People changes, inaccurate drawings, and 8 (25.0)
unclear material specifications.
15 Poor supervision and control. 3(9.4) 5(15.6)
16 Ineffective planning and
schedulingp ° > (15.6)
17 Poor coordination and
communication among 4(12.5)
stakeholders
18 Poor skills of workers and
technical staff, lack of experience, 7 (21.9)

and selection of unqualified
subcontractors.

19 Poor attitude and work practices
among parties (subcontractors, 6(18.8)
workers, site engineers).

20 Lack of a formal waste

management plan. 5 (15.6)
Material 21 Procurement errors (ordering
Management incorrect materials) or ordering in 5(15.6)

excess of actual requirements.

22 Improper on-site material storage 2(6.3) 5 (15.6)

and handling
Environmental 23 Adverse weather conditions 2 (6.3) 3(9.4)
and External 24  Site spatial characteristics:
Factors Construction near existing

buildings or in environments with 131

good echo and reverberation.

25 Project finance and budget issues 1(3.1) 1(3.1)

26 Socio-economic factors (GDP,

Population, Urbanization Rate) 1(3.1)

27 Last-minute changes in customer

demands or unforeseen incidents 2(63)

First, the matrix identifies the primary pollution “hotspots” driven by direct operational activities. For air and
noise pollution, the most frequently cited sources are material and waste haulage (Factor 11) and operation of
construction machinery and equipment (Factor 9), with respective frequencies of 34.4% and 21.9% for air, and
15.6% and 31.3% for noise. This suits the logistical intensity of high-rise projects, where the vertical concentration
of work necessitates continuous heavy-duty transport in confined urban spaces. Additionally, earthworks (Factor
1) emerge as a critical dual-pollutant source, recording high frequencies for air (31.3%) and noise (18.8%). This
prominence is characteristic of high-rise construction, where deep excavation and extensive land leveling are
prerequisites for structural stability. Regarding water pollution, Factor 7 (Construction Wastewater and Runoff)
records the highest frequency (21.9%). This category consolidates various water-intensive activities, including
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washing vehicles/equipment, concrete curing, and machinery cooling. These processes were grouped because
they share identical pollutant pathways, suspended solids, and chemical loads transported by direct discharge or
stormwater-driven runoff. This finding highlights the critical challenge on high-rise sites, where limited space
often forces these distinct waste streams to merge into a common drainage system, necessitating unified
treatment solutions.

Second, solid waste generation, by contrast, is primarily associated with indirect, managerial causes rather
than direct site operations. The most frequently cited are frequent design errors and changes, inaccurate
drawings, unclear material specifications (Factor 14, 28.1%), poor worker and staff skills, lack of experience, and
unqualified subcontractors (Factor 18, 21.9%), and negative attitudes and poor practices (Factor 19, 18.8%).

Third, the matrix illustrates the multi-impact nature of construction activities. For example, demolition and
blasting of structures or defective elements (Factor 2) contribute to solid waste (18.8%), air (21.9%), and noise
(9.4%). Domestic activities of workers (Factor 12) is a continuous multi-impact source, notably in solid waste
(18.8%) and water pollution through wastewater discharge with high organicloads (12.5%). This interconnection
suggests that isolated solutions are less effective than integrated management, where controlling one factor can
simultaneously reduce several impacts.

Finally, the matrix reveals a notable absence of reported indirect factors (0%) specifically for Air and Noise
pollution. It is crucial to interpret this finding with caution. This 0% does not imply that managerial or design
decisions have no impact on these domains. This reveals a reporting bias rather than an absence of real-world
causality. Previous studies have predominantly focused on quantifying physical emissions (e.g, PM
concentrations, decibel levels) and direct sources, thereby overlooking upstream root causes. Mechanistically,
however, indirect factors remain active drivers. For instance, design errors (indirect) necessitate rework, which
extends machinery operation (direct) and intensifies emissions. Therefore, these zero values highlight a critical
research gap: Air and Noise pollution are currently treated largely as technical problems, whereas they should be
re-evaluated as systemic managerial challenges.

3.3 Propose Mitigation Strategies Based on Frequency Matrix Analysis

Analysis of the frequency matrix not only identifies key environmental pollution hotspots but also provides a
scientific basis for targeted mitigation. Accordingly, three main strategic groups are proposed based on the
highest-frequency factors:
1) Source control and immediate mitigation, focusing on mechanized construction processes and point-
source discharges;
2) Upstream prevention, addressing design, construction planning, and material management practices;
3) Human resource management and stakeholder environmental awareness enhancement, emphasizing
workforce management and supervision, and collaborative governance.

3.3.1 Source Control and Immediate Mitigation Strategy for Mechanized Construction
and Point-Source Discharges

The matrix identifies Factor 1 (earthworks), Factor 9 (operation of machinery and equipment), and Factor 11
(material, soil, and waste haulage) as dominant contributors to air and noise pollution. These direct pollution
factors require priority attention through immediate, at-source mitigation strategies.

A central measure is the modernization and proper maintenance of construction equipment. The adoption of
new-generation machinery meeting stringent emission standards (e.g, Euro 4, Euro 5) and equipped with
advanced noise abatement technology is essential. This approach, supported by Shaikh et al. and Yi Feng et al.
[24,25], helps address GHG and toxic gas emissions noted by Yan et al. and Pakhomova et al. [51,52], while
mitigating noise exposure for workers and nearby communities. Additional measures include optimizing site
layouts to reduce particulate concentrations and noise propagation[57,58], and deploying real-time monitoring
systems for pollution parameters[59].

Protective shielding and dust suppression are also required. These involve installing nets or tarpaulins
around site perimeters and stockpiles, and operating automated misting systems, particularly in high dust-risk
areas. Their effectiveness, however, depends on management awareness and commitment[48].

Finally, rational scheduling of construction hours is an important management solution. Restricting high-
noise activities (e.g., pile driving, concrete breaking) during nighttime and midday breaks reduces community
disturbance and reflects corporate social responsibility. This aligns with findings by ]. Ayarkwa and K. Agyekum
[60] and Lee et al.[26], which highlight variations in community noise annoyance across construction phases.

3.3.2 Upstream Prevention Strategy for Design, Planning, and Material Management

For solid waste, the frequency matrix indicates that root causes lie primarily in the pre-construction phase,
particularly Factor 14 (frequent design errors and changes, inaccurate drawings, and unclear material
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specifications) and Factor 21 (procurement errors or over-ordering). Thus, upstream interventions are generally
more effective and cost-efficient than downstream waste treatment.

The primary strategy is the early integration of environmental management into design. Key solutions include
adopting prefabricated components to reduce on-site processing and cutting, thereby lowering waste, dust, and
noise. A detailed, construction-feasible design minimizes errors and changes, which are primary causes of waste
generation, as confirmed by Luangcharoenrat et al,, Naji et al., and Chellappa et al.[31,33,34]. Additionally,
switching to circular bio-based building materials is a viable strategy for sustainability. A comprehensive review
by Le et al. [61]suggested that using these materials can represent a coherent solution to mitigate the climate
impacts of the building sector according to the circular economy model.

Technology integration in the planning phase is also crucial. Building Information Modeling (BIM) supports
precise material quantity take-offs, avoiding over-ordering and incorrect procurement [62]. It also enables early
clash detection through 4D simulations, thereby preventing rework, a major source of waste and pollution.
Numerous studies confirm that BIM is an effective tool in reducing waste from design errors and rework[63-65].
However, successful BIM implementation requires a solid legal basis. As noted by Dao et al. [66], establishing a
contractual framework was proposed to minimize the risks in adopting BIM in Vietnamese construction projects,
ensuring that environmental responsibilities are legally binding among stakeholders."

Finally, a comprehensive Waste Management Plan (WMP) should be established from the outset. The WMP
must define procedures for on-site segregation, temporary storage, reuse, recycling, and final disposal for each
type of waste. Such planning enables a shift from reactive to proactive waste management, as emphasized by
Luangcharoenrat et al. and Liu et al.[33,38]. Furthermore, the application of Artificial Intelligence (Al) in waste
management optimization also offers promising directions. Alimi et al. [67] emphasized that Al technology can
improve operational efficiency, minimize environmental impacts, and enhance resource recovery in construction
projects, addressing the limitations of manual waste treatment.

3.3.3 Human Resource Management and Stakeholder Environmental Awareness
Enhancement Strategy

The frequency matrix highlights Factor 18 (poor skills of workers and technical staff, lack of experience, and
unqualified subcontractors), Factor 19 (poor attitudes and practices among parties), and Factor 12 (domestic
activities of on-site workers) as among the most frequently cited. Even well-designed technical solutions and
management systems will not succeed without the active participation of people responsible for day-to-day
implementation.

A core mitigation strategy is to strengthen environmental awareness and competencies through targeted
training programmes. Training should be provided to all staff, from project managers and engineers to supervisors
and labourers, and should focus on practical environmental management skills. Wu et al. and Kuluarachchi et al.
demonstrated that awareness of consequences fosters responsibility and pro-environmental behaviors[53,68],
while Bajjou et al. identified training and awareness raising as one of the five most critical factors in reducing
material waste[37]. Topics may include segregation and handling, safe use and storage of chemicals, spill
response, dust and noise control measures, and personal protective practices. Training content should clearly link
environmental protection to occupational health, safety, and project efficiency to enhance motivation.

Strengthening on-site supervision is equally important. The role of supervision consultants should extend
beyond technical and quality assurance to include strict monitoring of environmental compliance. Transparent
protocols for reporting and addressing violations should be established and enforced, ensuring timely detection
and corrective action.

From a managerial standpoint, embedding a corporate culture of environmental responsibility is essential. As
Metinal and Ayalp note, contractor attitudes and capabilities are key determinants of waste generation[30].
Consequently, building such a culture, supported by incentive programs for material-saving behaviors (e.g.,
reducing operational errors, returning surplus materials)[69] and penalties for violations, can serve as a
significant driver of behavioral change and long-term compliance with environmental regulations.

4. Conclusion

This study aimed to systematically identify and classify the primary factors contributing to environmental
pollution at high-rise construction sites and to propose strategic directions for pollution mitigation in the
Vietnamese context. A structured literature review of 32 key studies was conducted (2010-2025), focusing on
pollution generated during the construction phase rather than the operational stage of buildings.

The analysis grouped pollution drivers into two broad categories: (1) Direct factors, including the
construction process; machinery, equipment, and transportation; and on-site human activities; (2) Indirect factors
cover management and people, material management, and external conditions. The frequency matrix shows that
earthworks, machinery and equipment operation, material and waste haulage are the dominant sources of air and
noise pollution. In contrast, solid waste generation is mainly driven by upstream managerial factors such as design
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errors and changes, inadequate planning and supervision, and poor workforce skills and attitudes. Several factors,
notably demolition activities and workers’ domestic activities, have multi-impact effects across different pollution
types, underscoring the need for integrated rather than isolated control measures. A critical finding is the
identification of a "reporting bias" in existing literature, where the link between managerial failures and air or
noise emissions is often overlooked (recording a 0% frequency). This study argues that upstream errors, such as
rework caused by design flaws, act as latent multipliers that intensify on-site machinery use and subsequent
emissions, representing a significant "hidden link" in pollution mechanics.

Drawing on these findings, three complementary strategic directions are proposed: (i) source control and
immediate mitigation for mechanized activities and point-source discharges; (ii) upstream prevention through
enhanced design quality, planning, and material management; and (iii) strengthening human resources and
stakeholder environmental awareness to improve on-site practices. These strategies provide a structured basis
for contractors, consultants, and regulators to integrate environmental considerations into project management
and to prioritize interventions according to pollution hotspots and root causes.

As this study is based on a literature review, the findings reflect the emphasis of prior research. Mitigation
priorities are therefore derived from reported frequencies rather than empirical field data within the Vietnamese
context. Future research should focus on quantifying and validating these factors using a mixed-methods
approach. The first phase could involve semi-structured interviews with industry experts, followed by a
questionnaire survey of stakeholders in high-rise construction to assess the practical significance of each factor in
Vietnam. Such an approach will provide a robust scientific basis for comprehensive, feasible management
solutions. Ultimately, it can support effective mitigation of environmental impacts from construction and
contribute to the sustainable development of the sector in the context of Vietnam’s rapid urbanization.
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Appendix A Detailed factors contributing to air pollution at construction sites

Pollution Source General Description Specific Activities/Factors Ref.
I. Sources from the  Activities directly generating
Construction pollution during the main phases of
Process a construction project, from

commencement to completion.

1. Site Preparation  Early-stage operations, such as land Earthworks (excavation, land [20-22,42-

clearance, demolition, excavation, leveling, backfilling, site 44,46-48,53]
and leveling, release large amounts clearance)
of dust (particulate matter) and Demolition and blasting [20,43,44,46,
exhaust emissions. 48,49,53]
2. On-site Core construction operations that Loading/unloading, storage, [20,21,42,47,
Construction generate significant dust and and handling of construction 48,53]
Activities emissions. materials
On-site material production [20,44,46,48,
and processing (cutting, 49,53]
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crushing, concrete and
mortar mixing)
3. Finishing Works  Activities involving finishing Emissions from finishing [46]
materials (paints, solvents, asphalt) materials (paints, solvents,
that emit volatile organic asphalt)
compounds (VOCs) and particulate Cutting, grinding, and [44,47-49]
matter. drilling
Surface finishing, site [21,48]
cleaning, waste removal
4. Worker-Related  Daily subsistence activities of on-site  Combustion of fuels (e.g., [21]
Domestic Activities workers that generate combustion wood, LPG) for cooking and
emissions and domestic waste. heating
II. Sources from Emissions from fuel combustion Operation of machinery and [20,22,44,47,
Machinery and (gasoline, diesel) in construction equipment (diesel engines) 50-52]
Equipment machinery, releasing CO, SO, NOx, Maintenance and servicing [20,44]
and particulate matter. of equipment
I11. Sources from Pollution generated by vehicles Material, soil, and waste [20,21,42-
Transportation transporting materials, soil, and haulage 48,51,53]
waste to and from the site, including
exhaust gases, fugitive dust, and re-
suspended road dust.
IV. Indirect Factors = Macro-level factors influencing the Socio-economic variables [54]
intensity and scale of emissions (GDP, population,
across the construction sector. urbanization rate)
When conflict (time limitation, cost)  Project finance and budget [53]
occurs between the environment issues
and economic benefit, the
contractors often choose economic
benefit rather than environmental
protection.
Appendix B Detailed factors contributing to noise pollution at construction sites
Pollution Source General Description Specific Activities/Factors Ref.
Includes all activities that directly
. generate sound emissions into the
I. Direct Sources : .
environment during the
construction process.
Operation of heavy machinery and 20,23
Noise generated from the operation ~ equipment: bulldozers, excavators, - 4'12_47]
1. Machinery and  of heavy machinery and equipment, ~ loaders, concrete mixers, etc. '
Equipment primarily from internal combustion  Operation of transport vehicles:
. ) . [20,24,25,4
engines. material haulage, loading/
: 2,43]
unloading
Foundation works: pile driving, [20,26,42,4
press-in piling 4]
High-intensity, intermittent noise Demolition activities: dismantling
2. Impact-Related caused by forceful collisions of structures, use of concrete [20,26,44]
Activities between objects, such as piling, breakers;
demolition, or blasting. Other impact-related activities:
dismantling of scaffolding and steel  [43,44]
frames
3. Manual Includes noise generated from Manual construction activities:
Activities and handheld power tools and daily drilling, grinding, welding, [44]
Workforce activities of on-site workers. hammering, knocking
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Worker activities: loud vocal

communication, shouting, use of [24,25,44]
loudspeakers
. Factors that do not directly create
II. Indirect . . A
Sources noise but amplify or modify its
propagation characteristics.
Th f buildi i . . -~
. e presence of buildings, barriers, Site spatial characteristics:
Site and and other structures can cause . .
: . . Construction near existing
Environmental sound reflection and reverberation, . . . . [44]
y . : . buildings or in environments with
Conditions thereby increasing the overall noise .
. good echo and reverberation.
impact.
Appendix C Detailed factors contributing to water pollution at construction sites
Pollution Source General Description Specific Activities/Factors Ref.
I. Direct Sources  Includes all activities and
processes that directly release
pollutants into the aquatic
environment or onto the land
surface.
1. Wastewater Wastewater is generated during Washing vehicles/equipment; [20,21,27,
from construction operations, such as concrete curing; machinery cooling; 42,43,45,4
Construction vehicle/equipment washing, hydrostatic testing; rinsing 7]
Activities concrete curing, and machinery construction materials; concrete
cooling. pouring and grouting
2. Domestic Wastewater is generated from Drinking, washing, bathing, and [21,42,43,
Wastewater daily subsistence and sanitation sanitation activities 45]
(Sewage) activities of on-site workers.
3. Stormwater A non-point source of pollution is Stormwater runoff carries soil, sand, [20,21,28,
Runoff, Erosion, caused when rainfall runs over oil, grease, chemicals, and debris 44]
and exposed soil surfaces, transporting  Sjte clearance, levelling, and [20,27-
Sedimentation sediments and other contaminants.  excavation that cause topsoil erosion 29,43,44]
4. Leaks, Spills, Pollution arising from accidental Leakage or spills of oil, grease, paints, [20,43]
and Illegal releases (oil/chemical leaks, spills) and solvents from storage or during
Discharges or intentional discharges construction
(untreated wastewater). lllegal dumping of construction [20,44]
materials or untreated wastewater
into rivers, canals, or seas
II. Indirect Encompasses factors and
Sources conditions that do not directly
generate pollutants but exacerbate
the occurrence or severity of direct
sources.
1. Managerial, Deficiencies in planning, Poor supervision, contractor [28,29,44]
Human, and supervision, technical processes, or negligence, construction delays,
Design Factors human behavior that undermine inadequate control measures, design
effective pollution control. flaws, insufficient documentation, and
budget constraints
2. Natural Pre-existing environmental Adverse weather (e.g., heavy rainfall),  [28,29]
Factors conditions at the project site topography, and geological

increase the risk and severity of
pollution.

characteristics of the site

Appendix D Detailed factors contributing to solid waste generation at construction sites

Pollution Source

General Description

Specific Activities/Factors

Ref.
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I. Direct Sources  Activities and processes that directly
generate solid waste at the
construction site.

1. Construction Waste arising directly from core Rework due to construction errors [23,30,31

and Demolition construction and demolition (demolition/replacement of non- ,44]

(C&D) Activities  operations. conforming work)

Demolition of existing structures or ~ [43,45]

components

Surplus materials after construction, [20,21,44

packaging, and containers ,45,47]
2.Domestic (On-  Waste generated from daily Household-type waste produced by  [21,42-

site) Activities subsistence activities of the on-site workers’ daily activities 45,47]
workforce, similar in composition to
municipal solid waste.

II. Indirect Root-cause factors that do not directly

Sources create waste but establish conditions
that increase waste generation from
direct sources.

1. Design Factors  Deficiencies in the design phasearea  Frequent design errors and changes; [23,30-
leading cause of rework and material ~ inaccurate drawings; unclear 35,44]
wastage. material specifications

2. Management Weaknesses in project management Ineffective planning and scheduling  [23,31,33

Factors lead to inefficient use of materials and ,34,36]
resources. Poor supervision and control [23,31,33

,34,37]
Poor coordination and [23,30,31
communication among stakeholders ,44]
Lack of a formal waste management  [20,30,34
plan ,37,44]

3. Human Factors Workforce competence and attitudes Poor skills and limited experience [23,30,31
affect construction quality and the among workers/technical staff, ,33,34,37,
extent of material wastage. unqualified subcontractors 44]

Poor attitudes and practices among  [30,31,33
parties (subcontractors, workers, ,34,38,44
site engineers) ]

4. Material and Errors in the supply chain and on-site  Procurement errors (ordering [20,31,33

Procurement material management cause loss and incorrect materials) or over- ,38,44]

Factors damage. ordering relative to requirements

Improper on-site storage and [31,33,34
handling of materials ,36,38]

5. External Objective conditions beyond the direct Last-minute client changes or [30,31]

Factors control of the project team that affect =~ unforeseen incidents
material-use planning. Adverse weather (e.g, heavy rain)  [23,31,36

|
Budget constraints are hindering [38]
waste minimization and recycling
initiatives
References

[1] Ministry of Planning and Investment Portal (January 06, 2025). Vietnam’s GDP growth estimated at 7.09%
this year. https://www.mpi.gov.vn/en/Pages/2025-1-9/Vietnam-s-GDP-growth-estimated-at-7-09-this-
year035tev.aspx.

[2] General Statistics Office of Vietnam (GSO). (2023). Press release on population and labour, employment in
Q4 and 2023. [in Vietnamese]. https://www.nso.gov.vn/du-lieu-va-so-lieu-thong-ke /2023 /12 /thong-cao-
bao-chi-ve-tinh-hinh-dan-so-lao-dong-viec-lam-quy-iv-va-nam-2023/

% ‘ Penerbit



144 Int. ]. Sustain. Constr. Eng. Technol. Vol. 17 No. 1 (2026) p. 130-147

[3] General Statistics Office of Vietnam (GSO). (2022). Construction Sector performance 2010-2020, 2021
Economic Census. [in Vietnamese]. https://www.nso.gov.vn/wp-content/uploads/2023/07 /Sach-TDTKT-
Nganh-Xay-dung-2010-2020.pdf#page=51.06.

[4] Agency for Innovation, Green Transition and Industry Promotion, Ministry of Industry and Trade (2025,
May 12). Using green materials — towards net-zero emissions in the construction sector. [in Vietnamese].
https://scp.gov.vn/tin-tuc/t13557 /su-dung-vat-lieu-xanh--muc-tieu-dua-nganh-xay-dung-phat-thai-rong-
bang-0.

[5] Ministry of Natural Resources and Environment (MONRE). (2021). National Environment Report 2016-
2020. [in Vietnamese]. https://moit.gov.vn/upload /2005517 /fck/files/20211108_Bao_cao_HTMT_2016-
2020_F_a4980.pdf#page=28.42

[6] ].Hong,S.Song, C. Ahn, C. Koo, D.-E. Lee, H.S. Park, T. Hong (2024) Impact of environmental pollutants on
work performance using virtual reality, Automation in Construction, 168, 105833.
https://doi.org/10.1016/j.autcon.2024.105833.

[71 S.0. Ametepey, S.K. Ansah (2014) Impacts Of Construction Activities On The Environment: The Case Of
Ghana, Journal of Construction Project Management and Innovation, 4, 934-948.
https://doi.org/10.36615/jcpmi.v4iSupplement.76.

[8] S.Zolfagharian, M. Nourbakhsh, J. Irizarry, A. Ressang, M. Gheisari (2012) Environmental Impacts
Assessment on Construction Sites, In Construction research congress 2012: Construction challenges in a flat
world, 1750-1759. https://doi.org/10.1061/9780784412329.176.

[9] Lucia Burbano. (2025, July 4). Are skyscrapers an example of sustainable urban planning? - Tomorrow.City
- The biggest platform about urban innovation, (n.d.). https://www.tomorrow.city/environmental-impact-
of-skyscrapers/.

[10] G. Craighead (2003). High-rise security and fire life safety, Znd ed, Butterworth-Heinemann, Amsterdam ;
Boston.

[11] Y. Li, Y. Ning, W.T. Chen (2018) Critical Success Factors for Safety Management of High-Rise Building
Construction Projects in China, Advances in Civil Engineering 2018, 1516354
https://doi.org/10.1155/2018/1516354.

[12] Vietnam Institute for Building Science and Technology. Building surveys - Geotechnical Investigation for
High Rise Building [in Vietnamese].
https://tieuchuan.vsqi.gov.vn/tieuchuan/view?sohieu=TCVN+9363%3A2012.

[13] L. Tupenaite, L. Lill, I. Geipele, ]. Naimaviciene (2017) Ranking of Sustainability Indicators for Assessment of
the New Housing Development Projects: Case of the Baltic States, Resources, 6, 55.
https://doi.org/10.3390/resources6040055.

[14] Government of Vietnam. (2021). Decision No.1658/QD-Ttg: National Green Growth Strategy 2021-2030,
vision 2050. [in Vietnamese]. http://chinhphu.vn/?pageid=27160&docid=204226&tagid=6&type=1.

[15] R.M. Corpus, M. Bayani, A. Almacha, K.B. Tana (2023) Mitigating the Environmental Impact of Construction
Projects through Effective Pollution Management Strategies, In Proc. 18th International Conference on
Environmental Science and Technology, Greece. https://doi.org/10.30955/gnc2023.00200.

[16] L.Y. Shen, V.W.Y. Tam (2002) Implementation of environmental management in the Hong Kong
construction industry, International Journal of Project Management 20, 535-543.
https://doi.org/10.1016/S0263-7863(01)00054-0.

[17] G. Ofori, G. Gang, C. Briffett (2002) Implementing environmental management systems in construction:
lessons from quality systems, Building and Environment 37, 1397-1407. https://doi.org/10.1016/S0360-
1323(01)00115-9.

[18] H.Zhang (2019) Environmental Pollution Generated by Architectural Engineering Construction and
Environmental Management and Control Measures, Nature Environment and Pollution Technology, 18.

[19] P. Eichholtz, N. Kok, ].M. Quigley (2010) Doing Well by Doing Good? Green Office Buildings, American
Economic Review 100, 2492-2509. https://doi.org/10.1257 /aer.100.5.2492.

[20] M.M. Rahman, N.A.O. Ali, (2018) An overview of construction related pollution, In 7th Brunei International
Conference on Engineering and Technology 2018 (BICET 2018) (pp. 1-4).
https://doi.org/10.1049/cp.2018.1551.

[21] G. Liu (2018) Types of Environmental Pollution Caused by Real Estate Construction Projects and their
Control Measures, Nature Environment and Pollution Technology, 17.

Penerbit




Int. J. Sustain. Constr. Eng. Technol. Vol. 17 No. 1 (2026) p. 130-147 145

[22] D. Cheriyan, J. Choi (2020) A review of research on particulate matter pollution in the construction
industry, Journal of Cleaner Production, 254, 120077. https://doi.org/10.1016/j.jclepro.2020.120077.

[23] A. Sholanke, T. Aina-Badejo, B. Aina, N. Agbura (2019) Noise Pollution and Waste Control Techniques in
Building Construction in Nigeria: A Literature Review, IOP Conference Series: Earth and Environmental
Science, 331, 012016. https://doi.org/10.1088/1755-1315/331/1/012016.

[24] H.H. Shaikh, N.Y. Zainun, S.H. Khahro (2023) Impact of Noise Pollution at Construction Sites of Sindh
Pakistan, E3S Web Conferences, 437, 02003. https://doi.org/10.1051/e3sconf/202343702003.

[25] C.YiFeng, N.LF. Md Noh, R. Al Mansob (2020) Study on The Factors and Effects of Noise Pollution at
Construction Site in Klang Valley, Journal of Advanced Research in Applied Sciences and Engineering
Technology, 20(1), 18-26. https://doi.org/10.37934 /araset.20.1.1826.

[26] S.C.Lee, J.H. Kim, ].Y. Hong (2019) Characterizing perceived aspects of adverse impact of noise on
construction managers on construction sites, Building and Environment, 152, 17-27.
https://doi.org/10.1016/j.buildenv.2019.02.005.

[27] G. Karunasena, Gajanayake ,Akvan, Wijeratne ,W. M. Pabasara U., Milne ,Nick, Udawatta ,Nilupa, Perera
,Srinath, Crimston ,Andrew, P. and Aliviano (2014) Liquid waste management in the construction sector: a
systematic literature review, International Journal of Construction Management, 24, 86-96.
https://doi.org/10.1080/15623599.2023.2211416.

[28] S. Belayutham, V.A. Gonzalez, T.W. Yiu (2016) A cleaner production-pollution prevention based framework
for construction site induced water pollution, Journal of Cleaner Production, 135, 1363-1378.
https://doi.org/10.1016/j.jclepro.2016.07.003.

[29] S. Belayutham, V.A. Gonzalez, T.W. Yiu (2016) The dynamics of proximal and distal factors in construction
site water pollution, Journal of Cleaner Production, 113, 54-65.
https://doi.org/10.1016/j.jclepro.2015.11.075.

[30] Y.B. Metinal, G. Giimiisburun Ayalp (2024) Underlying And Ranking Factors Contributing To Construction
Waste Generation In The Construction Industry, Proceedings of International Structural Engineering and
Construction, 11. https://doi.org/10.14455/ISEC.2024.11(2).AAE-11.

[31] K.K. Naji, M. Gunduz, M.F. Hamaidi (2022) Major Factors Affecting Construction Waste Management in
Infrastructure Projects Using Structural Equation Model, Journal of Construction Engineering and
Management, 148(10), 04022101. https://doi.org/10.1061/(ASCE)C0.1943-7862.0002358.

[32] A. Parisi Kern, M. Ferreira Dias, M. Piva Kulakowski, L. Paulo Gomes (2015) Waste generated in high-rise
buildings construction: A quantification model based on statistical multiple regression, Waste Management,
39, 35-44. https://doi.org/10.1016/j.wasman.2015.01.043.

[33] C. Luangcharoenrat, S. Intrachooto, V. Peansupap, W. Sutthinarakorn (2019), Factors Influencing
Construction Waste Generation in Building Construction: Thailand’s Perspective, Sustainability, 11, 3638.
https://doi.org/10.3390/su11133638.

[34] V. Chellappa, A. Lincy, K. Ramakrishnan (2023) Factors influencing construction waste generation:
perspectives from India, Waste and Resource Management, 177. https://doi.org/10.1680/jwarm.23.00006.

[35] T. Meng, X. Shan, Z. Ren, Q. Deng (2024) Analysis of Influencing Factors on Solid Waste Generation of Public
Buildings in Tropical Monsoon Climate Region, Buildings, 14, 513.
https://doi.org/10.3390/buildings14020513.

[36] R.K.D.G. Kaluarachchi (2018) Analysis of Construction Waste Generation and Its Effect in a Construction
Site, International Journal of Architectural, Civil and Construction Sciences, 12, 528.

[37] M.S. Bajjou, A. Chafi (2021) Exploring the critical waste factors affecting construction projects, Engineering
Construction & Architectural Management, 29 2268-2299. https://doi.org/10.1108/ECAM-12-2020-1097.

[38] J. Liu, Y. Yi, X. Wang (2020) Exploring factors influencing construction waste reduction: A structural
equation modeling approach, Journal of Cleaner Production, 276, 123185.
https://doi.org/10.1016/j.jclepro.2020.123185.

[39] M. Eichner, Z. Ivanova (2018) Socioecological Aspects of High-rise Construction, E3S Web of Conferences, 33,
03065. https://doi.org/10.1051/e3sconf/20183303065.

[40] O. Gamayunova, D. Spitsov (2020) Technical features of the construction of high-rise buildings, E3S Web of
Conferences, 164, 08008. https://doi.org/10.1051/e3sconf/202016408008.

[41] Y. Xiao, M. Watson (2019) Guidance on Conducting a Systematic Literature Review, Journal of Planning
Education and Research, 39, 93-112. https://doi.org/10.1177/0739456X17723971.

Penerbit




146 Int. ]. Sustain. Constr. Eng. Technol. Vol. 17 No. 1 (2026) p. 130-147

[42] C.Zhang (2012) Countermeasures on Environmental Pollution from Construction, Applied Mechanics and
Materials, 209-211, 1600-1604. https://doi.org/10.4028 /www.scientificnet/AMM.209-211.1600.

[43] M. Mubeen, A.H. Memon, N.A. Memon, S. Alj, S.U. Nabi (2023) Environmental Pollution At Construction Sites
And Counter Measures To Reduce The Pollution At Site, Tropical Scientific Journal, 2.

[44] V.H.S. Pham, T.D. Dau (2024) Analyzing Factors of Environmental Pollution from Construction Sites and
Proposing Solutions, International Journal of Sustainable Construction Engineering and Technology, 15, 21-
30.

[45] Y. Shuai-ping (2018) Environmental Pollution in Construction Sites and Corresponding Green Construction
Measures, Nature Environment and Pollution Technology, 17.

[46] Sun, W. (2024, July). Research on strategies of air pollution prevention and control in civil Engineering
projects. In Journal of Physics: Conference Series (Vol. 2798, No. 1, p. 012008). IOP Publishing.
https://doi.org/10.1088/1742-6596/2798/1/012008.

[47] M.K. Boakye, S.K. and Adanu (2022) On-site building construction workers perspective on environmental
impacts of construction-related activities: a relative importance index (RII) and exploratory factor analysis
(EFA) approach, Sustainable Environment, 8, 2141158. https://doi.org/10.1080/27658511.2022.2141158.

[48] ]. Zuo, R. Rameezdeen, M. Hagger, Z. Zhou, Z. Ding (2017) Dust pollution control on construction sites:
Awareness and self-responsibility of managers, Journal of Cleaner Production, 166, 312-320.
https://doi.org/10.1016/j.jclepro.2017.08.027.

[49] C.Z. Li, Y. Zhao, X. Xu (2019) Investigation of dust exposure and control practices in the construction
industry: Implications for cleaner production, Journal of Cleaner Production, 227, 810-824.
https://doi.org/10.1016/j.jclepro.2019.04.174.

[50] H. Fan (2017), A Critical Review and Analysis of Construction Equipment Emission Factors, Procedia
Engineering, 196, 351-358. https://doi.org/10.1016/j.proeng.2017.07.210.

[51] H.Yan, Q. Shen, L.C.H. Fan, Y. Wang, L. Zhang (2010) Greenhouse gas emissions in building construction: A
case study of One Peking in Hong Kong, Building and Environment, 45, 949-955.
https://doi.org/10.1016/j.buildenv.2009.09.014.

[52] Pakhomova, L. A., Moiseeva, S. A., & Tereshina, K. 0. (2018, December). Air pollution by construction
vehicles. In IOP Conference Series: Materials Science and Engineering (Vol. 463, No. 4, p. 042041). IOP
Publishing. https://doi.org/10.1088/1757-899X/463/4/042041.

[53] Z. Wy, X. Zhang, M. Wu (2016) Mitigating construction dust pollution: state of the art and the way forward,
Journal of Cleaner Production, 112, 1658-1666. https://doi.org/10.1016/j.jclepro.2015.01.015.

[54] ]J.J. Peng (2019) Factors Affecting Carbon Emissions in the Construction Industry based on STIRPAT Model:
Taking Henan Province of China as an Example, Nature Environment and Pollution Technology, 18.

[55] European Environment Agency. Environmental noise in Europe — 2020. (2025, May 19)
https://www.eea.europa.eu/en/analysis/publications/environmental-noise-in-europe.

[56] Ministry of Construction (MOC), (2025, June 26). Circular No.08/2017 /TT-BXD on Management of
Construction Solid Waste" [in Vietnamese].
http://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=190272.

[57] G. Tao, ]. Feng, H. Feng, H. Feng, K. Zhang (2022) Reducing Construction Dust Pollution by Planning
Construction Site Layout, Buildings, 12, 531. https://doi.org/10.3390/buildings12050531.

[58] X. Ning, J. Qi, C. Wu, W. Wang (2019) Reducing noise pollution by planning construction site layout via a
multi-objective optimization model, Journal of Cleaner Production, 222, 218-230.
https://doi.org/10.1016/j.jclepro.2019.03.018.

[59] J. Hong, H. Kang, S. Jung, S. Sung, T. Hong, H.S. Park, D.-E. Lee (202) An empirical analysis of environmental
pollutants on building construction sites for determining the real-time monitoring indices, Building and
Environment, 170, 106636. https://doi.org/10.1016/j.buildenv.2019.106636.

[60] J. Ayarkwa, K. Agyekum (2014) Environmental Impact of Construction Site Activities in Ghana, Africa
Development and Resources Research Institute Journal, 9, 1-19.

[61] D.L. Le, R. Salomone, Q.T. Nguyen (2023) Circular bio-based building materials: A literature review of case
studies and sustainability assessment methods, Building and Environment, 244, 110774.
https://doi.org/10.1016/j.buildenv.2023.110774.

Penerbit




Int. J. Sustain. Constr. Eng. Technol. Vol. 17 No. 1 (2026) p. 130-147 147

[62] T.-Q. Nguyen, E.C.W. Lou, B.N. Nguyen (2022) A theoretical BIM-based framework for quantity take-off
to facilitate progress payments: the case of high-rise building projects in Vietnam, International Journal of
Building Pathology and Adaptation, 42, 704-728. https://doi.org/10.1108/1JBPA-10-2021-0139.

[63] ]. Won, ].C.P. Cheng, G. Lee (2016) Quantification of construction waste prevented by BIM-based design
validation: Case studies in South Korea, Waste Management, 49, 170-180.
https://doi.org/10.1016/j.wasman.2015.12.026.

[64] R. Hasan, Md.F. Rakib, M. Rahman (2022) Quantification of Construction Waste through BIM, Journal of
Technology Management and Business, 9. https://doi.org/10.30880/jtmb.2022.09.01.007.

[65] N.Van Tam, T.N. Diep, N. Quoc Toan, N. Le Dinh Quy (2021) Factors affecting adoption of building
information modeling in construction projects: A case of Vietnam, Cogent Business & Management, 8,
1918848. https://doi.org/10.1080/23311975.2021.1918848.

[66] Dao, T. N., Chen, P. H., & Nguyen, T. Q. (2021) Critical success factors and a contractual framework for
construction projects adopting building information modeling in Vietnam, International Journal of Civil
Engineering, 19(1), 85-102.

[67] K. Alimi, R. Jin, B.N. Nguyen, Q. Nguyen, W. Chen, L. Hosking (2025) Exploring artificial intelligence
applications in construction and demolition waste management: a review of existing literature, Journal of
Science and Transport Technology, 104-136. https://doi.org/10.58845 /jstt.utt.2025.en.5.1.104-136.

[68] M. Kaluarachchi, A. Waidyasekara, R. Rameezdeen, N. Chileshe (2021) Mitigating Dust Pollution from
Construction Activities: A Behavioural Control Perspective, Sustainability, 13, 9005.
https://doi.org/10.3390/su13169005.

[69] Z. Chen, H. Li, ]. Hong (2004) An integrative methodology for environmental management in construction,
Automation in Construction, 13, 621-628. https://doi.org/10.1016/j.autcon.2004.04.006.

Penerbit




