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Abrasive blasting widely used as surface preparation in industrial 
applications but poses significant occupational health risks due to 
airborne dust, particularly crystalline silica. This study investigates the 
effectiveness of Refined, Bleached, and Deodorized (RBD) palm oil-in-
water emulsions in reducing inhalable and respirable dust 
concentrations during abrasive blasting. Using garnet abrasive media 
(30-60 mesh size) and varying emulsion ratios (95:5, 96:4, 97:3, 98:2, 
99:1 and 100:0–water:oil ratio), dust exposure was measured via 
NIOSH methods; NMAM 0500 for inhalable dust and NMAM 0600 for 
respirable dust and analyzed using X-Ray Diffraction (XRD). Results 
show that the 95:5 emulsion ratio achieved up to 86% reduction in 
inhalable dust and 75% in respirable dust compared to dry blasting. 
XRD analysis confirmed a significant decrease in crystalline silica 
content. These findings suggest that RBD palm oil emulsions offer a 
safer, eco-friendly alternative for industrial blasting operations. 
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1. Introduction 
Abrasive blasting is a fundamental surface treatment process across diverse industries, including maritime, 
aerospace, civil engineering, and manufacturing. This method, which involves accelerating an abrasive medium to 
a high velocity to impact a work piece [1], is critical for tasks such as surface preparation for coating, rust and 
scale removal, and achieving desired surface textures. While various techniques exist, the most common approach 
employs compressed air to propel the abrasive stream [2], often executed in open environments like shipyards 
and construction sites, or in enclosed blasting chambers [3]. 

The selection of an appropriate abrasive medium is critical to the blasting process, with media chosen based 
on the desired surface finish, required aggressiveness, and material properties [4]. While early blasting practices 
relied predominantly on silica sand [5], the industry has evolved to employ a diverse range of media classified into 
four main categories: mineral, metallic, synthetic, and agricultural [6]. Each category offers a distinct set of 
characteristics. For instance, synthetic media like aluminium oxide and silicon carbide are valued for their extreme 
hardness and aggressive cutting properties, making them ideal for etching and profiling [7]. Conversely, 
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agricultural media such as corn cob or walnut shells are a softer, organic alternative used for delicate cleaning and 
stripping where surface preservation is paramount [6]. Metallic media like steel shot are used for polishing, while 
mineral abrasives such as garnet [8] are widely used for preparing surfaces for coating [9]. 

Despite its industrial utility, conventional dry abrasive blasting is associated with significant and well-
documented occupational and environmental hazards [10], [11]. The process generates a substantial amount of 
airborne particulate matter from the fragmentation of abrasive media, the removal of surface contaminants, and 
the workpiece itself [12], [13]. This particulate matter (PM), a complex mixture of carbonaceous particles, metals, 
and organic compounds, is classified by size into coarse (PM10), fine (PM2.5), and ultrafine (PM0.1) particles [14], 
[15]. Of particular concern is the pervasive use of abrasives containing crystalline silica (SiO2), the inhalation of 
which poses a severe health risk [16]-[20].  

The inhalation of fine particles is associated with a range of adverse health outcomes, including diminished 
lung capacity, increased mortality, and exacerbated respiratory conditions such as asthma [21]-[23]. Chronic 
exposure to respirable crystalline silica particles, which can penetrate deep into the small airways and alveoli 
[24]-[26], can lead to silicosis, a debilitating and incurable fibrotic lung disease [27]-[29], as well as an increased 
risk of chronic obstructive pulmonary disease (COPD) and lung cancer [30]-[33]. In addition to respiratory 
ailments, dust exposure is linked to various health issues, including dermatitis and other skin disorders [34]-[38], 
as well as systemic effects on the cardiovascular system [39], [40]. Furthermore, the dust can carry heavy metals 
and paint particles, which can enter surrounding ecosystems through runoff, presenting a distinct environmental 
threat [5], [14], [21]. Consequently, stringent regulatory bodies, such as the Occupational Safety and Health 
Administration (OSHA) or Department of Occupational Safety and Health (DOSH), have established strict exposure 
limits to mitigate these risks [12]. 

In response to these challenges, wet abrasive blasting has emerged as a primary dust-suppression alternative. 
This method effectively combines abrasive media with a high-pressure water jet, which binds dust particles, 
increasing their mass and preventing them from becoming airborne [41], [42]. While this technique significantly 
reduces ambient dust pollution and improves operator visibility, it introduces new operational drawbacks [43]. 
These include the potential for flash rusting on steel surfaces [44], which compromises the integrity of the 
prepared substrate, and the generation of a contaminated slurry that requires specialized and often costly 
collection and disposal procedures [45], [46]. These limitations highlight a persistent need for a more efficient and 
sustainable dust mitigation strategy that can overcome the shortcomings of both dry and water-based methods. 

This study proposes a novel dust mitigation paradigm through the application of a refined, bleached, and 
deodorised (RBD) palm oil-in-water emulsion. Crude palm oil generally contains higher acid values and free fatty 
acids compared with refined palm oil and normally occur in the form of semi solid at the temperature below than 
38-degree Celcius [3], while the refining process improves the chemical stability and quality of the oil for various 
applications. Leveraging the unique physiochemical properties of palm oil [30], which is a readily available, non-
toxic, and biodegradable resource in Malaysia, this approach is hypothesised to provide superior dust 
encapsulation and suppression capabilities. As shown in Fig. 1, an emulsion is a viscous, homogeneous product 
typically formed by combining two immiscible liquids, such as oil and water, with the help of a third ingredient 
that acts as a mixing agent [45]. The oil phase of the emulsion is expected to more efficiently wet and bind 
hydrophobic and hydrophilic dust particles alike, increasing their settling velocity and significantly reducing 
airborne concentrations. The viscous nature of the oil-in-water emulsion, also with high-shear mixing, will 
produces smaller and more stable droplets compared with water sprays [44]. This strategy not only addresses the 
critical health hazards of respirable dust but also circumvents the issues of flash rusting and costly slurry 
management associated with traditional wet blasting. The main objective of this research is to quantitatively 
assess the efficacy of the RBD palm oil-in-water emulsion in reducing both total and respirable crystalline silica 
dust exposure compared to conventional dry and water-based blasting methods. 
 

 

Fig. 1 Emulsification process 
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2. Material and Methodology 
This study employed a systematic experimental approach to evaluate the efficacy of RBD palm oil-in-water 
emulsion in mitigating dust and crystalline silica exposure during abrasive blasting. The methodology was 
structured into several distinct phases: the preparation of the emulsion, the execution of the abrasive blasting 
trials under controlled conditions, and the subsequent analysis of collected airborne dust samples. The procedures 
were designed to ensure a robust and replicable assessment of dust suppression performance across three distinct 
blasting conditions. 

2.1 Production of RBD Palm Oil-in-Water Emulsion 
The RBD palm oil-in-water emulsions were prepared using specific volume-to-volume ratios as detailed in Table 
1, with the goal of creating a stable dispersion for each concentration. The process involved combining the RBD 
palm oil with a suitable non-ionic emulsifying agent. The water phase was then added incrementally under 
continuous high-shear mixing, with the mixture processed using a homogeniser to achieve a uniform droplet size 
distribution. This process was carried out under vacuum pressure (0 bar) at a constant stirrer speed of 45,000 
rpm for a duration of 10 minutes. The resulting emulsions were collected for use in the abrasive blasting trials. 

Table 1 Volume-to-volume ratio RBD palm oil-in-water emulsion 
Specification Description 
Ratio 
(water:RBD palm oil, v/v) 

95:5 
96:4 
97:3 
98:2 
99:1 

Pressure 0 bar 
Stirrer speed 45,000 rpm 
Duration of process 10 minutes 

2.2 Abrasive Blasting Process 
Experimental abrasive blasting trials were conducted in a controlled environment to minimise external variables. 
A standard dry abrasive blasting system was used, consisting of a piston air compressor, a blast machine with a 
pressure pot (model TBP-100), and a hand-held nozzle. The blasting abrasive used for all trials was garnet with a 
specified particle size distribution (30-60 mesh) and certified crystalline silica content. The workpiece material 
was a standard steel plate coated with a rust-inhibiting primer, simulating a typical industrial application. All trials 
were performed at a constant compressed air pressure (7-10 bar), a consistent standoff distance from the 
workpiece (6 cm), and a fixed nozzle angle (45-60 degree). Three distinct blasting conditions were tested: 

1. Dry blasting (control): Abrasive was propelled with compressed air alone. 
2. Wet blasting: The abrasive was fed through a separate nozzle and injected alongside a concurrent stream 

of plain tap water at the point of impact. 
3. Emulsion blasting: The abrasive was fed through a separate nozzle and injected alongside a concurrent 

stream of the prepared RBD palm oil-in-water emulsion at the surface. 
Each condition was repeat 8 times to ensure the reliability of the collected data. Fig. 2 illustrates the setup for 

abrasive blasting. 
 

 

Fig. 2 Setup for abrasive blasting 
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2.3 Dust Exposure Monitoring and Sample Collection 
Airborne dust exposure was monitored through a series of personnel sampling procedures to measure both 
respirable and inhalable fractions, which is necessary for accurately calculating and evaluating the exposure of 
the abrasive blaster. The specific methods used for dust concentration measurement were NIOSH Method NMA 
0500 for inhalable dust and NIOSH Method NMAM 0600 for respirable dust. The sampling setup consisted of high-
volume personal air sampling pumps attached with a cassette and tubing. The equipment used included a GilAir 
Plus personal sampling pump, a filter holder and cassette, a PVC filter medium, and a connecting tube. For 
respirable dust collection, additional equipment such as a 10 mm nylon cyclone, Higgins-Dewell (HD) cyclone, or 
aluminium cyclone was used. The airflow rate for the inhalable dust pump was set at a fixed rate of 2.0 L/min, 
while the respirable dust pump operated at 1.7 L/min. Sampling volumes were maintained within 7-133 L for 
inhalable dust and 20-400 L for respirable dust. 

Personnel sampling was conducted by locating the sampling head within the abrasive blaster's breathing 
zone, defined as a hemisphere with a 0.3 m radius centred on a midpoint of a line joining the ears [51]. This 
ensured that the collected samples were representative of the air inhaled by the operator. The duration of 
sampling for each trial was based on workplace conditions, with a full-period (8-hour) consecutive sample taken 
when possible. The start and end times for each sampling period were meticulously recorded on a sampling sheet 
for subsequent volume calculations, with the final unit of measurement being. 

2.4 Filter Media and Cassette Blanks 
For gravimetric analysis, 37 mm closed-face filter cassettes with polyvinyl chloride (PVC) filters were used to 
collect total inhalable dust, while 10 mm nylon cyclones with 25 mm PVC filters were used to collect the respirable 
fraction. To account for any background contamination or handling effects, a minimum of two identical cassette 
blanks were included with each batch of samples. These blanks were handled in the same manner as the active 
samples but were not connected to a pump. 

The filter medium is a crucial component of the sampling cassette, as it is responsible for screening and 
capturing airborne particulates. Various filter materials exist, including glass fibre, plastic fibre, cellulose, and 
membranes made of silver or plastic, each possessing distinct characteristics (Table 2). Their selection is based 
on the type of particulate being monitored (Table 3). For this study, polyvinyl chloride (PVC) filters were 
specifically chosen for their cost-effectiveness and proven suitability for collecting silica dust.  

Table 2 The characteristics of the filter 
Specification Description 
Glass fibre Moderately robust and low moisture pick-up 
Plastic fibre Moderately robust and low moisture pick-up 
Organic membrane Brittle, very low moisture pick-up 
Silver membrane Tough, flexible 
Cellulose Considerable tensile strength, rapid uptake of 

moisture 

Table 3 Recommended filter to be used for various types of particulates 
Specification Description 
Silica 0.8 μm or 5 μm PVC or MCE membrane 
Wood dust 5 μm PVC 
Welding fumes Glass fibre or 0.8 μm cellulose ester membrane 
Asbestos fibre 0.45 to 1.2 μm cellulose ester membrane 
Elements 0.8 μm cellulose ester membrane 
Lead 0.8 μm cellulose ester membrane 

 
For gravimetric analysis, mm closed-face filter cassettes with PVC filters were used to collect total inhalable 

dust, while 10 mm nylon cyclones with 25 mm PVC filters were used to collect the respirable fraction. To account 
for any background contamination or handling effects, a minimum of two identical cassette blanks were included 
with each batch of samples. These blanks were handled in the same manner as the active samples but were not 
connected to a pump. 

The cassette blanks, comprising two or three parts of the filter housing, keep the filter in place during 
sampling. The number of blanks included in a sample set varies depending on the chosen method. Their primary 
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purpose is to account for any potential pollutants introduced during the handling and transportation of samples. 
A field blank is a set of sample media that undergoes the identical conditions as the sampled media but is not 
attached to a sampling pump. Field blanks are essential for determining the background signal contributed by the 
collection media and the environment. A minimum of two field blanks were included in each sample set, regardless 
of the total number of samples, with the acceptable number being 10% of the total samples. These blanks were 
handled in the same manner as the active samples but were not connected to a pump. 

2.5 Sample Analysis and Crystalline Silica Quantification 
After each trial, the filter cassettes were carefully sealed and transported to a laboratory for gravimetric and 
compositional analysis. For gravimetric analysis, each filter was conditioned in a humidity-controlled 
environment for 24 hours before being weighed using a microbalance with a precision of 0.001 mg. The total mass 
of dust collected was determined by subtracting the pre-weight of the filter from its post-weight.  

For XRD composition testing, the crystalline silica content of the respirable dust samples was determined 
using XRD, a highly flexible method that provides both chemical phase and elemental analysis [45]. This technique 
is also valuable for stress measurements and texture analysis. However, it is important to note that XRD can only 
be used on samples that are crystalline. The analysis was performed according to a validated standard method, 
specifically the NIOSH Method NMAM 7500, which is designed for crystalline silica analysis by XRD [46], [47]. The 
dust from the filters was prepared on silver membrane filters, and the mass of crystalline silica on each filter was 
quantified by comparing the integrated peak intensities from the dust sample to those of prepared standards. Fig. 
3 shows how the XRD machine works. 
 

 

Fig. 2 XRD machine 

2.6 Data Analysis and Results Calculation 
The final results were calculated based on the collected data to determine the concentration of both total and 
respirable crystalline silica dust. According to NIOSH methods, the total amount of dust to which a worker is 
exposed is determined by the following non-specific method, which accounts for background contamination from 
the blank samples: 
 

𝐶𝐶 =  
(𝑊𝑊2 −𝑊𝑊1) − (𝐵𝐵2 − 𝐵𝐵1)

𝑉𝑉
× 103𝑚𝑚𝑚𝑚/𝑚𝑚3 (1) 

 
where: 

• C: Concentration of the sample in mg/m3 
• W1: Weight of the capsule before sampling (mg) 
• W2: Weight of the capsule after sampling (mg) 
• B1: Weight of the blank capsule before sampling (mg) 
• B2: Weight of the blank capsule after sampling (mg) 
• V: Volume of air sampled in litres (V = flow rate × sampling duration) 
The results from the three blasting conditions (dry, wet, and emulsion) were then compared using 

appropriate statistical methods, such as a one-way ANOVA, to determine if there were statistically significant 
differences in dust and crystalline silica suppression. 
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3. Results and Discussion 
This section presents the findings from the Dust Exposure Monitoring, which involved the collection, 
measurement, and analysis of both total inhalable and respirable dust. To ensure statistical robustness, the study 
employed both personnel and area monitoring methodologies, collecting eight samples for each tested condition: 
dry abrasive blasting and RBD palm oil-in-water emulsion abrasive blasting. The Time-Weighted Average (TWA) 
was calculated over an 8-hour period using standard exposure calculation methods as outlined by NIOSH. 

The collected data from the abrasive blasting trials were analysed to compare dust exposure levels against 
established regulatory limits. Figs. 4 to 7 present comparative data for inhalable and respirable dust from both 
dry and emulsion blasting, contrasted with the Permissible Exposure Limit (PEL) and the Maximum Exposure 
Limit (MEL). A significant reduction in dust exposure was observed when the RBD palm oil-in-water emulsion 
was employed. The inhalable dust values for dry abrasive blasting were substantially higher than those for the 
emulsion-based methods, with the initial dry abrasive blasting sample recording a TWA of 631.9304 mg/m3, the 
highest value among all conditions. Similarly, an analysis of the respirable dust data (Fig. 4) indicated a 
considerably higher TWA value for dry abrasive blasting compared to the emulsion-based blasting. The dry 
abrasive blasting condition (100:0 ratio) had the second-highest TWA value, exceeded only by the dry abrasive 
blasting TWA. The emulsion with the 95:5 ratio demonstrated a TWA value nearest to the PEL. The second sample 
from the 95:5 ratio emulsion recorded the lowest TWA value of 19.5659 mg/m3, indicating superior dust 
suppression performance. 

Fig. 5 illustrates the inhalable dust concentrations for both dry abrasive blasting and RBD palm oil-in-water 
emulsion blasting with MEL, enabling a clear visual comparison of exposure levels. Each data point represents the 
Time-Weighted Average (TWA) value for a specific sample and emulsion ratio. Among all conditions, dry blasting 
recorded the highest mean inhalable dust level at 1476.42 mg/m³, significantly exceeding those observed with 
emulsions. The average concentrations decreased progressively with higher oil content: 505.60 mg/m³ for the 
99:1 ratio, 391.93 mg/m³ for 98:2, 343.75 mg/m³ for 97:3, 301.58 mg/m³ for 96:4, and the lowest value of 200.55 
mg/m³ for the 95:5 ratios. The distribution of points highlights a clear downward trend in inhalable dust exposure 
with increasing oil proportion, though overall values still remain above established occupational safety 
thresholds. 
 

 

Fig. 4 Comparison PEL for inhalable dust between RBD palm oil-in-water emulsion 
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Fig. 5 Comparison PEL for respirable dust between RBD palm oil-in-water emulsion 

Fig. 6 shows the respirable graph for dry abrasive blasting and RBD palm oil-in-water emulsion abrasive 
blasting with MEL. The lowest value mean was 550.8942 mg/m3 at an emulsion ratio of 95:5. The average values 
were 2347.1334 mg/m³ at a ratio of 99:1, 1887.2289 mg/m3 at a ratio of 98:2, 1296.0904 mg/m3 at a ratio of 97:3, 
and 798.1866 mg/m3 at a ratio of 96:4. The trend graph indicates that an increased RBD palm oil concentration in 
the oil-in-water emulsion correlates with a reduced dust content during blasting operations.  
 

 

Fig. 6 Comparison MEL for inhalable dust between RBD palm oil-in-water emulsion 

 

Fig. 7 Comparison MEL for respirable dust between RBD palm oil-in-water emulsion 
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Furthermore, environmental dust monitoring, also known as area monitoring, confirmed these findings. Fig. 
8 and Fig. 9 illustrate the data for inhalable and respirable dust, respectively, where the dry abrasive blasting 
process yielded the highest TWA 8-hour value for inhalable dust, at 107.96 mg/m3, and for respirable dust, at 
99.1285 mg/m3. A clear trend of decreasing TWA 8-hour values was observed with increasing RBD palm oil ratios 
in the emulsion. The lowest values were recorded for the 95:5 oil-to-water ratio (11.2290 mg/m3 for inhalable 
dust and 17.480 mg/m3 for respirable dust). 

The use of garnet as an abrasive media, which is primarily composed of silicon dioxide (SiO2), means that the 
dust produced is heavily influenced by this material's composition. XRD was employed to determine the chemical 
composition of the dust samples and to compare analytical results with the manufacturer's Safety Data Sheet (SDS) 
and relevant regulations. XRD scans were performed on samples from both the dry abrasive blasting and RBD 
palm oil-in-water emulsion processes across all tested ratios (95:5, 96:4, 97:3, 98:2, 99:1). Variations in the 
percentages of tridymite, cristobalite, and quartz revealed significant changes in the crystalline structure of the 
dust. To enhance the accuracy of the results, XRD analysis was conducted at five different angles. This multi-angle 
approach provides more detailed information about the samples, improving phase identification and 
quantification and effectively differentiating among various crystalline polymorphs such as quartz, cristobalite, 
and tridymite. This comprehensive analysis of the structural properties, phase composition, and potential health 
effects of crystalline silica dust is essential for evaluating health risks and ensuring compliance with regulatory 
standards. 
 

 

Fig. 8 Comparison area monitoring for inhalable dust between RBD palm oil-in-water emulsion 

 

Fig. 9 Comparison area monitoring for respirable dust between RBD palm oil-in-water emulsion 
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The XRD analysis was instrumental in identifying and quantifying the amount of silica in the dust samples. 
Fig. 10 presents the percentage of crystalline silica found in samples from both the dry and emulsion blasting 
processes. Although crystalline dust itself may not be a direct carcinogen, the type and shape of the crystalline 
particles can be highly hazardous, with effects on human health similar to those of crystalline silica. Chronic 
inhalation of crystalline silica dust is known to cause pulmonary inflammation and the development of fibrosis, as 
documented in both animal studies and observations on exposed humans. Most research indicates that inhaling 
respirable crystalline silica (RCS) can lead to serious health conditions, including silicosis, lung cancer, 
autoimmune disorders, kidney disease, and an increased risk of tuberculosis. 

The experimental results demonstrate significant improvements in dust suppression and occupational health 
risk reduction when using RBD palm oil-in-water emulsions in abrasive blasting compared to conventional dry 
blasting methods. Area and personal dust monitoring, conducted using NIOSH methods 0500 and 0600, 
consistently revealed substantial reductions in inhalable and respirable dust concentrations with increasing 
proportions of RBD palm oil. The 95:5 water-to-oil ratio proved optimal, yielding the lowest dust levels—
approximately 86% reduction in inhalable dust and 75% in respirable dust—effectively bringing exposures 
within Malaysian USECHH regulatory limits. This finding extends earlier work by Intan et al. [48], who reported a 
30% reduction using biodegradable oil emulsions, suggesting that the optimized formulation and specific use of 
RBD palm oil enhanced dust suppression efficiency due to its stability, local abundance, and environmental 
compatibility. 
 

 

Fig. 10 Percentage of crystalline silica for dry and RBD palm oil-in-water emulsion 

A critical occupational concern in abrasive blasting is exposure to crystalline silica, the principal cause of 
silicosis and other respiratory diseases. XRD analysis confirmed that RBD palm oil-in-water emulsions not only 
reduced overall dust emissions but also significantly lowered respirable crystalline silica concentrations. 
Compared to dry blasting, which produced intense quartz, tridymite, and cristobalite peaks, the oil-in-water 
emulsion did not show a consistent reduction in quartz or tridymite concentrations, with results fluctuating for 
all emulsions ratio. While conventional wet blasting effectively suppresses dust, it does not reliably decrease 
crystalline silica content and can lead to flash rusting. Nevertheless, RBD palm oil emulsions offer a greener 
alternative, providing simultaneous dust control and potential mitigation of crystalline silica exposure. This study 
demonstrated that an oil-to-water ratio of 95:5 resulted in the greatest observed enhancement in dust 
suppression. Literature indicates the higher oil content in an oil-to-water ratio results in minimal further dust 
suppression while potentially causing operational issues. These observations align with the findings of Han et al. 
[49] and Ashwini et al. [50], who also reported that higher oil contents offered minimal benefits while introducing 
environmental concerns when chemical corrosion inhibitors were employed. The present study, however, 
demonstrates that RBD palm oil avoids such drawbacks, maintaining ecological safety without compromising 
performance. 

Collectively, these results confirm that RBD palm oil-in-water emulsions not only suppress inhalable and 
respirable dust but also reduce the crystalline silica content of airborne particulates. By empirically identifying 
95:5 as the optimal ratio, this study advances prior research and provides practical evidence that sustainable, 
biodegradable, and non-toxic palm oil emulsions represent a viable alternative to conventional abrasive blasting 
methods. Beyond dust control, their ecological advantages further strengthen their potential for safer, more 
environmentally responsible industrial practices. 
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4. Conclusions and Future Recommendation 
The experimental results of this study clearly demonstrate significant improvements in dust suppression and 
occupational health risk reduction when using RBD palm oil-in-water emulsions in abrasive blasting, compared 
to conventional dry blasting methods. The total dust concentration measured by area monitoring showed a clear 
and consistent decline with increasing proportions of RBD palm oil in the emulsions. The 95:5 water-to-oil ratio 
proved to be the most effective formulation, yielding the lowest inhalable and respirable dust values and reducing 
dust concentrations by approximately 80-86% and 75%, respectively, compared to dry blasting. Furthermore, 
XRD analysis showed markedly lower intensities of quartz, tridymite, and cristobalite peaks in dust samples 
collected during RBD emulsion blasting versus dry blasting. This result not only indicates less overall dust 
emission but also a compositional shift in the particulate matter towards less harmful forms. Unlike typical wet 
blasting, which can cause flash rusting, RBD palm oil-in-water emulsions offer a greener, more effective alternative 
for dust control. The substantial reductions in dust and crystalline silica exposure achieved suggest that RBD palm 
oil-in-water emulsions with the optimised ratio can effectively reduce occupational health risks, bringing airborne 
dust concentrations within regulatory limits and enhancing worker safety. Additionally, the biodegradable and 
non-toxic nature of RBD palm oil offers ecological advantages over synthetic oils and chemical suppressants, 
reducing environmental impacts associated with conventional abrasive blasting processes. 

For future research, it is recommended to test other abrasive media such as aluminium oxide, silicon carbide 
or steel shot to evaluate the generalizability of the findings beyond garnet. Additionally, exploring a broader range 
of water-to-oil ratios and different emulsifying agents may help identify formulations that further improve dust 
suppression performance. Furthermore, conducting field-scale trials is essential to assess the effectiveness and 
practicality of the RBD palm oil-in-water emulsion under diverse environmental and industrial conditions, 
thereby validating its suitability for real-world applications. It also recommended that future studies examine the 
effect of residual oil films on the steel substrate and their potential impact on the adhesion performance of 
subsequent coating layers. 

Acknowledgement 
This research was supported by Ministry of Higher Education (MOHE) through Fundamental Research Grant 
scheme (FRGS/1/2021/TK0/UTHM/03/31). 

Conflict of Interest 
Authors declare that there is no conflict of interests regarding the publication of the paper. 

Authors’ contribution 
The authors confirm contribution to the paper as follows: study conception and design: Hanis Zakaria, Muhammad 
Ikhwanuddin K. Samsudin, Muhammad Firdaus Abdul Rahman, Mohd Azham Azmi; data collection: Hanis Zakaria, 
Muhammad Ikhwanuddin K. Samsudin, Suhaimi Hassan; analysis and interpretation of results: Hanis Zakaria, 
Muhammad Ikhwanuddin K. Samsudin, Muhammad Firdaus Abdul Rahman, Noorul Azreen Azis; draft manuscript 
preparation: Hanis Zakaria. All authors reviewed the results and approved the final version of the manuscript.  

References  
[1] Mohamed Hashish (2024) Abrasive waterjet machining, Materials, 17(13), 3273, 

https://doi.org/10.3390/ma17133273  
[2] Marina Izabelle Grabarski, Luana Jéssica dos Santos Lopes, Gabriel Pereira da Silva & Giuseppe Pintaude 

(2024) Evaluation of the anticorrosive painting procedure with reused abrasive for surface preparation–a 
case study, Engineering Research Express, 6(3), 035419, https://doi.org/10.1088/2631-8695/ad6af2  

[3] B. B. Waghmare, A. A. Khan, Hanish Bari, Dhirendra Patil & Yusuf Rehman (2022) Design of sand blasting 
machine, International Journal for Science Technology and Engineering, 10(4), 2589-2592, 
https://doi.org/10.22214/ijraset.2022.41649 

[4] Muhammad Akram Ahmad Fazri (2024) Revolutionizing confined space work practices in thriving oil and 
gas industry of Kertih, Terengganu, Journal of Advanced Mechanical Engineering Applications, 5(1), 46-54, 
https://doi.org/10.30880/jamea.2024.05.01.007 

[5] Nergizhan Anaç & Zekeriya Doğan (2023) Effect of organic powders on surface quality in abrasive blasting 
process, Processes, 11(7), 1925, https://doi.org/10.3390/pr11071925 

[6] Iskandar Zulkarnain, Nor Adila Mohamad Kassim, M. I. Syakir, Azhar Abdul Rahman, Mohamad Shaiful Md 
Yusuff, Rosdin Mohd Yusop & Ng Oon Keat (2021) Sustainability-based characteristics of abrasives in 
blasting industry, Sustainability, 13(15), 8130, https://doi.org/10.3390/su13158130 

https://doi.org/10.3390/ma17133273
https://doi.org/10.1088/2631-8695/ad6af2
https://doi.org/10.22214/ijraset.2022.41649
https://doi.org/10.30880/jamea.2024.05.01.007
https://doi.org/10.3390/pr11071925
https://doi.org/10.3390/su13158130


192 Int. Journal of Integrated Engineering Vol. 18 No. 2 (2026) p. 182-194 

 

 

[7] Hiroya Kobayashi, Togo Shinonaga, Toshiya Tsuji & Akira Okada (2022) Synergy effect of abrasive blasting 
and large-area EB irradiation on surface finishing of AMed Titanium Alloy, Procedia CIRP, 113, 318-322, 
https://doi.org/10.1016/j.procir.2022.09.109  

[8] Jeffrey Poon, David C. Madden, Mary H. Wood, Ron van Tol, Hans Sonke & Stuart M. Clarke (2020), Surface 
chemistry of almandine garnet, The Journal of Physical Chemistry C, 124(9), 5099-5117, 
https://doi.org/10.1021/acs.jpcc.9b08951 

[9] Hanis Zakaria, Mohamad Khairul Hafiz Mohd Katman, Muhammad Nur Hidayat Mat, Mohamad Farid Sies & 
Norzelawati Asmuin (2019) Dust exposure monitoring: Abrasive blasting dust from cleaning process in 
marine industry, International Journal of Integrated Engineering, 11(5), 97-101, 
https://doi.org/10.30880/ijie.2019.11.05.013 

[10] Eleftherios Sdoukopoulos, George Tsafonias, Vasiliki-Maria Perra & M. Boile (2019, October) The dynamics 
of the shipbuilding industry in the Mediterranean region: New skills and competences for supporting 
competitiveness via targeted educational and training programs [In 9th International Congress on 
Trasportation Research]. Athens, Greece.  

[11] Tenglong Yan, Xin Song, Xiaowen Ding, Xiaodong Liu, Tian Lan, Tian Chen, Minghui Wang & Mengyang 
Wang (2023) Exposure to household dust, allergens, and endotoxin and allergy-related outcomes 
alternation in the general US population, Environmental Research, 226, 115713, 
https://doi.org/10.1016/j.envres.2023.115713 

[12] Jiangtao Fu, Lingling Hu & Minghua Hu (2022) Investigating blasting demolition dust micromorphology, 
microscopic agglomeration process with wetting droplet and suppression effectiveness by explosion water 
mist, Frontiers in Environmental Science, 10, 883386, https://doi.org/10.3389/fenvs.2022.883386  

[13] Saikat Basu (2025) On the mechanics of inhaled bronchial transmission of pathogenic microdroplets 
generated from the upper respiratory tract, with implications for downwind infection onset, PLoS 
One, 20(11), e0335962, https://doi.org/10.1371/journal.pone.0335962 

[14] Yang Wang & Mi Zhou (2025), Heterogeneity in the impact of air pollution on labor mobility: Insights from 
panel data analysis in China, Results in Engineering, 25, 103684, 
https://doi.org/10.1016/j.rineng.2024.103684 

[15] Weiping Li, Zhongyi Xiao, Yinglin Huang & Haili Wu (2024) Breathing life into equity: How air pollution 
influences corporate pay gap, Journal of Environmental Management, 372, 123298, 
https://doi.org/10.1016/j.jenvman.2024.123298 

[16] Aleksandra Dzido & Piotr Krawczyk (2023) Abrasive technologies with dry ice as a blasting 
medium, Energies, 16(3), 1014, https://doi.org/10.3390/en16031014 

[17] R. Kolbadinezhad, & E. Amouzad Mahdiraji (2021) Inhalation exposure to dust pollution in the 
workplace, Eurasian J of Science and Technology, 1(2), 75-82, 
https://doi.org/10.48309/ejst.2021.285211.1018  

[18] Zengmin Shi, Yongyan Yu, Yangyang Wang, Dayong Zhang, Lei Dai & Maoqiu Wang (2019) Effect of nickel 
content on the processing and microstructure evolution of Co–Cr–Mo–Ni alloys, Materials Science and 
Engineering: A, 759, 195-202, https://doi.org/10.1016/j.msea.2019.05.041  

[19] Ruiyang Ding, Yang Li, Yang Yu, Zhiwei Sun & Junchao Duan (2023) Prospects and hazards of silica 
nanoparticles: Biological impacts and implicated mechanisms, Biotechnology advances, 69, 108277, 
https://doi.org/10.1016/j.biotechadv.2023.108277 

[20] Fatemeh Shahbazi, Mina Morsali & Jalal Poorolajal (2021) The effect of silica exposure on the risk of lung 
cancer: A dose-response meta-analysis, Cancer Epidemiology, 75, 102024, 
https://doi.org/10.1016/j.canep.2021.102024 

[21] Wei Li, Guohui Lin, Zaixing Xiao, Yichuan Zhang, Bin Li, Yu Zhou, Yong Ma & Erqing Chai (2022) A review of 
respirable fine particulate matter (PM2. 5)-induced brain damage, Frontiers in Molecular Neuroscience, 15, 
967174, https://doi.org/10.3389/fnmol.2022.967174 

[22] Qianjie Zhang, Ziyue Shan, Chenxin Zhou, Dongmei Zhang, Shilian Zheng & Wanping Zhang (2024) Effect of 
oil structure on adsorption behavior of emulsifier at the oil-polyol interface and the emulsion 
features, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 703, 135198, 
https://doi.org/10.1016/j.colsurfa.2024.135198 

 
 

https://doi.org/10.1016/j.procir.2022.09.109
https://doi.org/10.1021/acs.jpcc.9b08951
https://doi.org/10.30880/ijie.2019.11.05.013
https://doi.org/10.1016/j.envres.2023.115713
https://doi.org/10.3389/fenvs.2022.883386
https://doi.org/10.1371/journal.pone.0335962
https://doi.org/10.1016/j.rineng.2024.103684
https://doi.org/10.1016/j.jenvman.2024.123298
https://doi.org/10.3390/en16031014
https://doi.org/10.48309/ejst.2021.285211.1018
https://doi.org/10.1016/j.msea.2019.05.041
https://doi.org/10.1016/j.biotechadv.2023.108277
https://doi.org/10.1016/j.canep.2021.102024
https://doi.org/10.3389/fnmol.2022.967174
https://doi.org/10.1016/j.colsurfa.2024.135198


Int. Journal of Integrated Engineering Vol. 18 No. 2 (2026) p. 182-194 193 

 

 

[23] Ahmed Aboelezz, Maria Beltran, Michael J. Hargather, Mostafa Hassanalian & Pedram Roghanchi (2024) 
Comprehensive design and performance validation of a wind tunnel for advanced respirable dust 
deposition investigations, Journal of Hazardous Materials, 478, 135516, 
https://doi.org/10.1016/j.jhazmat.2024.135516 

[24] Mohammad S. Islam, Gunther Paul, Hui X. Ong, Paul M. Young, Y. T. Gu & Suvash C. Saha (2020) A review of 
respiratory anatomical development, air flow characterization and particle deposition, International 
Journal of Environmental Research and Public Health, 17(2), 380, https://doi.org/10.3390/ijerph17020380 

[25] Heba A. Fayyaz, Magda A. El-Massik, Mohammed Bahey-El-Din, Amany Abdel-Bary, Ossama Y. Abdallah & 
Hoda M. Eltaher (2024) Targeted DPPC/DMPG surface-modified voriconazole lipid nanoparticles control 
invasive pulmonary aspergillosis in immunocompromised population: in-vitro and in-vivo 
assessment, International Journal of Pharmaceutics, 649, 123663, 
https://doi.org/10.1016/j.ijpharm.2023.123663 

[26] Wei He, Nan Jin, Huaxin Deng, Qi Zhao, Fang Yuan, Fengqiong Chen, Huadong Zhang & Xiaoni Zhong (2022) 
Workers’ occupational dust exposure and pulmonary function assessment: Cross-sectional study in 
China, International Journal of Environmental Research and Public Health, 19(17), 11065, 
https://doi.org/10.3390/ijerph191711065 

[27] Rachel Raanan, Oren Zack, Maya Ruben, Idan Perluk & Shlomo Moshe (2022) Occupational silica exposure 
and dose–response for related disorders—silicosis, pulmonary TB, AIDs and renal diseases: results of a 15-
year Israeli surveillance, International Journal of Environmental Research and Public Health, 19(22), 15010, 
https://doi.org/10.3390/ijerph192215010 

[28] Nicola Murgia, M. Akgun, P. D. Blanc, J. T. Costa, Subhabrata Moitra, Xavier Muñoz, K. Toren & A. J. Ferreira 
(2025) Issue 3—The occupational burden of respiratory diseases, an update, Pulmonology, 31(1), 2416808, 
https://doi.org/10.1016/j.pulmoe.2024.03.004 

[29] Yulia Devina Suci, Ariani Permatasari & Winariani Koesomoprodjo (2024) Rare concurrent extrapulmonary 
tuberculous pericarditis and pleuritis accompanied with lung silicosis, Respiratory Medicine Case 
Reports, 50, 102030, https://doi.org/10.1016/j.rmcr.2024.102030 

[30] Mohd Rafein Zakaria, Mohammed Abdillah Ahmad Farid, Halimatun Saadiah Hafid, Yoshito Andou & Mohd 
Ali Hassan (2024) Practical role of oil palm fronds in Malaysia’s sustainable palm oil industry, Industrial 
Crops and Products, 222, 119753, https://doi.org/10.1016/j.indcrop.2024.119753 

[31] Younes Sohrabi, Sobhan Sabet, Saeed Yousefinejad, Fatemeh Rahimian, Mohammad Aryaie, Esmaeel 
Soleimani & Saeed Jafari (2022) Pulmonary function and respiratory symptoms in workers exposed to 
respirable silica dust: A historical cohort study, Heliyon, 8(11), e11642, 
https://doi.org/10.1016/j.heliyon.2022.e11642 

[32] Hui Tang, Shirui Chen, Jing Wei, Tong Guo, Yuqin Zhang, Wenjing Wu, Ying Wang, Shimin Chen, Dan Chen, 
Huanle Cai, Zhicheng Du, Wangjian Zhang & Yuantao Hao (2024). How long-term PM exposure may affect 
all-site cancer mortality: Evidence from a large cohort in southern China. Ecotoxicology and Environmental 
Safety, 280, 116478, https://doi.org/10.1016/j.ecoenv.2024.116478 

[33] Xin Li, Mei An Tang, Ying Li, Wei Rong Dai & Lei Huang (2024) Risk study of obstructive pulmonary 
dysfunction caused by silica dust exposure: A multi-center cross-sectional survey, Research Square, 1-14, 
https://doi.org/10.21203/rs.3.rs-3975074/v1 

[34] Mona Lestari, Poppy Fujianti, Novrikasari Novrikasari & Rizka Faliria Nandini (2023) Dust exposure and 
lung function disorders, Respiratory Science, 3(3), 218-230, https://doi.org/10.36497/respirsci.v3i3.80 

[35] Sarah de Szalay & Philip W. Wertz (2023) Protective barriers provided by the epidermis, International 
Journal of Molecular Sciences, 24(4), 3145, https://doi.org/10.3390/ijms24043145 

[36] J. C. Kissel, A. L. Bunge, H. F. Frasch & G. B. Kasting (2018) 1.06 Dermal exposure and absorption of 
chemicals, Comprehensive Toxicolology, 1, 112-127, https://doi.org/10.1016/B978-0-12-801238-3.64264-
2 

[37] Patrick Fleming & Aaron M. Drucker (2018) Risk of infection in patients with atopic dermatitis treated with 
dupilumab: a meta-analysis of randomized controlled trials, Journal of the American Academy of 
Dermatology, 78(1), 62-69, https://doi.org/10.1016/j.jaad.2017.09.052 

[38] Landon Trost, Theodore R. Saitz & Wayne JG Hellstrom (2013) Side effects of 5-alpha reductase inhibitors: 
a comprehensive review, Sexual Medicine Reviews, 1(1), 24-41, https://doi.org/10.1002/smrj.3 

[39] Yasuhiro Yoshida (2024) Oxidative stress induced by air pollution, Antioxidants, 13(11), 1393, 
https://doi.org/10.3390/antiox13111393 

https://doi.org/10.1016/j.jhazmat.2024.135516
https://doi.org/10.3390/ijerph17020380
https://doi.org/10.1016/j.ijpharm.2023.123663
https://doi.org/10.3390/ijerph191711065
https://doi.org/10.3390/ijerph192215010
https://doi.org/10.1016/j.pulmoe.2024.03.004
https://doi.org/10.1016/j.rmcr.2024.102030
https://doi.org/10.1016/j.indcrop.2024.119753
https://doi.org/10.1016/j.heliyon.2022.e11642
https://doi.org/10.1016/j.ecoenv.2024.116478
https://doi.org/10.21203/rs.3.rs-3975074/v1
https://doi.org/10.36497/respirsci.v3i3.80
https://doi.org/10.3390/ijms24043145
https://doi.org/10.1016/B978-0-12-801238-3.64264-2
https://doi.org/10.1016/B978-0-12-801238-3.64264-2
https://doi.org/10.1016/j.jaad.2017.09.052
https://doi.org/10.1002/smrj.3
https://doi.org/10.3390/antiox13111393


194 Int. Journal of Integrated Engineering Vol. 18 No. 2 (2026) p. 182-194 

 

 

[40] Eva Tseng, Wen-Chao Ho, Meng-Hung Lin, Tsun-Jen Cheng, Pau-Chung Chen & Hsien-Ho Lin (2015) Chronic 
exposure to particulate matter and risk of cardiovascular mortality: cohort study from Taiwan, BMC Public 
Health, 15(1), 936, https://doi.org/10.1186/s12889-015-2272-6 

[41] Ngalula L. Tshimanga, Gregory A. Combrink, and Michel Wa Kalenga (2021) Surface morphology 
characterization of grade 304L stainless steel after abrasive blasting, Materials Today: Proceedings, 38, 544-
548, https://doi.org/10.1016/j.matpr.2020.02.397  

[42] Elisabete Almeida (2001) Surface treatments and coatings for metals. A general overview. 2. Coatings: 
Application processes, environmental conditions during painting and drying, and new 
tendencies. Industrial & Engineering Chemistry Research, 40(1), 15-20, https://doi.org/10.1021/ie000210k  

[43] A. Krautsieder, N. Sharifi, D. C. Madden, J. Sonke, A. F. Routh & S. M. Clarke (2023) Corrosion inhibitor 
distribution on abrasive-blasted steels, Journal of Colloid and Interface Science, 634, 336-345, 
https://doi.org/10.1016/j.jcis.2022.12.003 

[44] Muhammad Firdaus Abdul Rahman, Hanis Zakaria, Muhammad Ikhwanuddin K.Samsudin & Nurafiqah 
Rosman (2025) Formation of palm oil-water emulsion in a high-speed rotor without emulsifiers under 
vacuum conditions: A kinetic study, Journal of Advanced Research in Fluid Mechanics and Thermal Sciences, 
130(2), 1-10, https://doi.org/10.37934/arfmts.130.2.110 

[45] Takashi Kuroiwa,  Shiho Hamada (2023) Impact of polyelectrolyte complex layer on the stability of palm oil 
multiple emulsions encapsulating a water-soluble compound during heating, cooling, and storage 
processes, Food Hydrocolloids, 137, 108335, https://doi.org/10.1016/j.foodhyd.2022.108335  

[46] Asif Ali, Yi Wai Chiang & Rafael M. Santos (2022) X-ray diffraction techniques for mineral characterization: 
A review for engineers of the fundamentals, applications, and research directions Minerals, 12(2), 205, 
https://doi.org/10.3390/min12020205 

[47] Health. Division of Physical Sciences. (1994). NIOSH, Manual of Analytical Methods. US Department of Health 
and Human Services, Public Health Service, Centers for Disease Control and Prevention, National Institute 
for Occupational Safety and Health, Division of Physical Sciences and Engineering. 

[48] Intan Shafinaz Abd Manaf, Cheong Jiun Yi, Mohd Hasbi Ab Rahim & Gaanty Pragas Maniam (2019), 
Utilization of waste fish bone as catalyst in transesterification of RBD palm oil, Materials Today: 
Proceedings, 19, 1294-1302, https://doi.org/10.1016/j.matpr.2019.11.140 

[49] Han Chen, Yongguo Wang, Jianliang Jiao, Chang'an Zhou, Zhuopeng Tan, Zhiqiang Zhong, Lirong Huang & 
Yong Peng (2024), Influence of different wet-blasting pressure on the surface integrity and tool cutting 
performance of hybrid CVD-TiN/TiCN/α-Al2O3/TiN coated tools, Wear, 546, 205327, 
https://doi.org/10.1016/j.wear.2024.205327 

[50] N. Ashwini, R. Dileep & S. Ranganatha (2025) Inhibition effect of eco-friendly curcumin based Schiff base on 
industrially important mild steel material corrosion: Electrochemical and quantum chemical 
evaluation, Results in Surfaces and Interfaces, 18, 100457, https://doi.org/10.1016/j.rsurfi.2025.100457  

[51] Department of Occupational Safety and Health (2022). Guidelines on Monitoring of Airborne Chemical 
Hazardous to Health 2022. https://dosh.gov.my/wp-content/uploads/2024/10/Guidelines-on-Monitoring-
of-Airborne-Chemical-Hazardous-to-Health-2022.pdf  

 

https://doi.org/10.1186/s12889-015-2272-6
https://doi.org/10.1016/j.matpr.2020.02.397
https://doi.org/10.1021/ie000210k
https://doi.org/10.37934/arfmts.130.2.110
https://doi.org/10.1016/j.foodhyd.2022.108335
https://doi.org/10.3390/min12020205
https://doi.org/10.1016/j.matpr.2019.11.140
https://doi.org/10.1016/j.wear.2024.205327
https://doi.org/10.1016/j.rsurfi.2025.100457
https://dosh.gov.my/wp-content/uploads/2024/10/Guidelines-on-Monitoring-of-Airborne-Chemical-Hazardous-to-Health-2022.pdf
https://dosh.gov.my/wp-content/uploads/2024/10/Guidelines-on-Monitoring-of-Airborne-Chemical-Hazardous-to-Health-2022.pdf

