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Abstract 

On Thursday, January 20, 2022, a motorbike allegedly collided with a truck carrying about 10 tonnes of ammonium nitrate 

explosives. The explosion caused a blast that created an 18 m diameter crater at the centre of the road and leveled almost the 

entire village of Appiatse, located in the Prestea Huni Valley District in the Western Region of Ghana. During such disasters, 

whether natural or anthropogenic, rapid assessment is crucial for an appropriate and effective emergency response. The Appiatse 

incident resulted in detrimental environmental damage, including the dispersion of particulate matter, dust, soil, and water 

pollution in the catchment area. Similarly, the high levels of ground vibration caused by the incident resulted in the razing down 

of most of the structures which were constructs of wattle and daub plastered with concrete. Earth observation (EO) technologies, 

such as satellite imagery and Unmanned Aerial Vehicle (UAV) data, play a crucial role in disaster management by providing 

accurate and detailed assessments of damage, enabling effective emergency response and recovery efforts. The impact of the 

Appiatse explosion was detected by the Enhanced Pollution Management (EPM) EO service, piloted in Ghana, through a 

time-series analysis. In this research, a damage assessment was carried out using EO data. A collection of Sentinel-2 (10 m 

resolution) optical satellite images, Synthetic Aperture Radar (SAR) images, and aerial images obtained from a UAV survey (3 

cm resolution) were used for the analysis. The damage assessment map of Appiatse provides insights into the extent and severity 

of the impact, demonstrating the value of integrating various EO data sources for detailed post-hazard damage assessment. The 

findings from the current research highlight the lack of compliance with the protocols for the transport of hazardous chemicals in 

Ghana and highlight the need to strictly adhere to safety protocols prescribed by relevant authorities to ensure environmental 

safety and curb such incidents in the future. 
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1. Introduction 

Mining significantly contributes to government revenues 

through taxes, royalties, rents, employment creation, tech-

nology transfer, and economic resourcefulness. This contri-

bution is expected to increase following recent research by the 
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UK Government predicting increased metal use in the coming 

decades [1, 2]. Although the recent decade has recorded a 

significant decline in mining-related accidents due to strict 

regulations and better safety practices globally [3-5], min-

ing-related accidents still occur, often with negative conse-

quences for nearby communities. These incidents can leave 

lasting environmental, social, and economic legacies [6, 7]. 

The causes of these accidents include human, technical, en-

vironmental, and organizational factors [8-11]. 

Gold mining and most extractive industries have extremely 

hazardous working conditions, leading to disasters and inci-

dents, of which Ghana is no exception [12-16]. A literature 

search indicated at least seven mining-related accidents in 

2022 alone. These accidents occurred in various countries, 

including Ghana, highlighting the industry's persistent haz-

ards. The most recent incident includes the explosion of a 

truck transporting ammonium nitrate mixed with 6% fuel oil 

(ANFO) to a mining site in Ghana at Appiatse near Bogoso in 

the Western Region. The explosion resulted in 13 fatalities, 

injured around 100 people, flattened the rural community, and 

left a crater roughly 18 m (59 ft) wide (Figure 1a). Figure 1 

shows the Appiatse community after the explosion. Figure 2 

shows the community before the incident. 

Since safety standards are typically only achieved through 

the demands of worker organizing or regulatory expansion 

following a major disaster, the government of Ghana, via the 

Ministry of Land and Natural Resources identified the culprit 

liable under the Mining Regulation (LI 2177) and imposed 

hefty fines following a thorough investigation of the incident 

[17, 18]. Disasters of this nature affect all three dimensions of 

sustainable development, namely society, economy, and the 

environment, and simultaneously recording disaster-related 

losses and impacts on society and the economy [19]. Most 

significantly, the loss of human lives, bodily injuries, and 

long-term health issues such as respiratory diseases due to 

dust exposure are the casualties frequently associated with 

these mining-related disasters [20-23]. These impacts have 

been captured and monitored by leading global disaster loss 

databases, such as DesInventar, the Sendai Monitor, the in-

ternational disaster database EM-DAT, or reinsurance data-

bases like Sigma of SwissRe or NatCatService of MunichRe 

[19]. 

Additionally, the profound psychological impact on sur-

vivors and families of victims is often overlooked [24]. At the 

same time, the hefty financial, legal, and compensation costs 

imposed on organizations associated with the causes of these 

disasters are huge. They may be responsible for the uneventful 

folding of these firms [25]. Economically, accidents result in 

direct costs like medical expenses and compensation and 

indirect costs such as productivity losses and legal liabilities 

[26, 27]. The explosion at Appiatse near Bogoso was a tragic 

event that had significant implications for the catchment 

community and the mining industry. 

To effectively respond to and mitigate the impacts of such 

disasters, detailed and timely post-hazard damage assess-

ments are crucial. Earth Observation (EO) technologies, uti-

lizing satellite imagery and remote sensing, have emerged as 

preferred methods for providing detailed and objective 

post-hazard damage assessments. EO helps integrate disaster 

preparedness strategies, enhancing capabilities in prepared-

ness and response. As a result, it significantly reduces losses 

in lives, livelihoods, health, and the economic, physical, so-

cial, cultural, and environmental assets of individuals, busi-

nesses, and communities, while also decreasing vulnerability 

to future hazards [28-30]. 

By utilizing satellite imagery and other remote sensing 

technologies, authorities can quickly assess the extent of 

damage caused by natural or man-made disasters, such as 

explosions. This paper aims to analyze the causes of the blast, 

assess its impact on the environment and local population, and 

propose recommendations for preventing similar incidents in 

the future. By examining the factors that led to the explosion 

and its consequences, this study aims to provide valuable 

insights to improve safety measures in mining operations and 

in the handling, transportation, storage, and disposal of haz-

ardous chemicals. These occurrences highlight the urgent 

need for increased safety measures and regulatory enforce-

ment to prevent similar fatalities from occurring in the future. 

Integrating EO data into disaster management practices 

allows authorities to improve their ability to respond effec-

tively to emergencies, allocate resources efficiently, and 

mitigate the impact of disasters on communities and infra-

structure. Analyzing satellite images before and after the 

incident allows for rapid identification of affected areas, es-

timation of the severity of damage, and prioritization of re-

sponse efforts to government monitoring and cooperative 

inspections to improve mine safety, indicating a proactive 

approach to avoiding future disasters [31, 32]. Under this 

premise, this research focuses on the use of EO technologies 

in the assessment of post-hazard damage using the example of 

the Appiatse explosion as a case study. The aim is to highlight 

the effectiveness of EO technologies in disaster assessment 

and the potential improvements in response and recovery 

efforts. 
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Figure 1. Images of Appiatse after the Explosion - 18 m wide crater 

which was the location where the truck conveying the explosives 

exploded. (A), Wattle and Duad plastered with cement sancrete 

buildings that were destroyed because of the blat (B), (C), (D) 

Ripped off the roof of building structures in the Appiatse community 

after the blasting incident of January 20, 2022, (E) and Excavator 

searching through the rubble during rescue operations and (F) 

Ripped and destroyed corrugated roofing sheets and household 

items following the incident. 

 
Figure 2. Appiatse community on Google Street View before the 

incident (January 2020). 

2. Legal Framework Governing the Use 

of Explosives in the Mining Industry 

The mining industry in Ghana is regulated by several laws, 

some of which specifically address the use of explosives. 

The primary legal framework includes the Minerals and 

Mining (Health, Safety, and Technical Regulations, 2012) LI 

2182, and the Minerals and Mining (Explosives) Regulations, 

2012 (LI 2177). These regulations govern the handling, 

transportation, storage, and disposal of hazardous chemicals 

such as cyanide and explosives. They are designed to protect 

the health and well-being of people, as well as biotic and 

abiotic factors in the environment, through effective moni-

toring and control. 

2.1. Overview of Policy, Legal and Institutional 

Framework for the Transport, Storage and 

Use of Explosives in Ghana 

The 1992 Constitution of Ghana offers an extensive policy 

foundation for the safeguard of the environment. The relevant 

sections are as follows: 

1) Economic Development - Article 36 (9): The State shall 

take appropriate measures needed to protect and safe-

guard the national environment for posterity; and shall 

seek co-operation with other states and bodies for the 

purposes of protecting the wider international environ-

ment for mankind. 

2) Economic Development - Article 36 (10): The State 

shall safeguard the health, safety and welfare of all 

persons in employment, and shall establish the basis for 

the full deployment of the creative potential of all 

Ghanaians. 

3) Duties of a Citizen - Article 41 (k): The exercise and 

enjoyment of rights and freedoms is inseparable from the 

performance of duties and obligations, and accordingly, 

it shall be the duty of every citizen to protect and safe-

guard the environment. The Policy Statement on the 

Environment requires the State to ―take appropriate 

measures, irrespective of the existing levels of envi-

ronmental pollution and extent of degradation, to control 

pollution and the importation and use of potentially toxic 

chemicals‖. This expectation from the State requires a 

more comprehensive policy on toxic substances for the 

country. 

The aim of Ghana’s environmental policy is to improve the 

surroundings, living conditions and the quality of life of the 

entire citizenry, both present and future. The policy specifi-

cally seeks to: 

1) Maintain the ecosystems and ecological processes es-

sential for the functioning of the biosphere; 

2) Ensure sound management of natural resources and the 

environment; adequately protect humans, animals and 

plants, their biological communities and habitats against 

harmful impacts and destructive practices, and preserve 

biological diversity; 

3) Guide development by quality requirements to prevent, 

reduce, and as far as possible, eliminate pollution and 

nuisances; 

4) Integrate environmental considerations in sectoral, 

structural and socio-economic planning at the national, 

regional, district and grass root levels; 

5) Seek common solutions to environmental problems in 
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West Africa, Africa and the world at large. 

2.2. The Explosives Act 350 of 1970 and the 

Minerals and Mining Act (703) of 2006 

The Explosives Act, 1970 (Act 350) is the primary legisla-

tion regulating the use of explosives in Ghana. The Act out-

lines the procedures for the acquisition, possession, and use of 

explosives, including those used in the mining industry. The 

objectives of the Act include ensuring the safe use of explo-

sives, preventing unauthorized access, and protecting the 

public from potential dangers. Similarly, the Minerals and 

Mining (Explosives) Regulations, 2012 (LI 2177), serves as 

the primary regulation governing the transportation, storage, 

and usage of explosives in the mining industry in Ghana. This 

regulation outlines various provisions, including regulatory 

oversight, explosives operating plans, risk and security as-

sessments, emergency response plans, and sanctions for 

non-compliance. However, the Appiatse explosion exposed 

weaknesses and lapses in the safety controls of the mining 

sector, necessitating immediate measures to address these 

issues. The Minerals Commission is the regulatory body re-

sponsible for implementing this regulation. Table 1 presents 

the key applications of the 2012 Minerals and Mining law 

regarding the transport, storage, and usage of explosives 

across numerous mining sites in Ghana. 

Table 1. Key Applications of the 2012 Minerals and Mining Law (LI 2177) for the Transport, Storage, and Usage of Explosives in Ghanaian 

Mining Site. 

Key Aspect Regulation 

Application: 

The regulations apply to the conveyance, storage, possession, manufacture, and use of 

explosives for mining, quarrying, and civil works, including substances used for the 

manufacture of explosives 

Regulatory Oversight: 
The Chief Inspector of Mines acts as the chief inspector of explosives, and inspectors of mines 

serve as inspectors of explosives for administering and enforcing these regulations. 

Explosives Operating Plans: 

An explosives manager must submit operating plans for storage, transport, manufacture, use, 

dealership, and blasting firm operations to the Chief Inspector of Explosives for approval. Any 

variations must be approved before implementation. 

Risk and Security Assessments: 
An explosives manager must conduct a risk assessment of the entire explosive operation, 

develop a security plan, and appoint a competent person to oversee security. 

Emergency Response Plans: 
An emergency response plan must be drawn for the transportation of explosives and activated 

during emergencies. 

Notification and Approval for Transport: 
Entities must notify the Chief Inspector 48 hours before transporting explosives, detailing the 

type and quantity. 

Vehicle Requirements: 
Vehicles transporting explosives must be approved and exhibit specific safety features, such as 

earthing chains, red flags with the letter "E," and danger signs. 

Police Escort: 
Explosives transport must be escorted by police, maintaining a convoy distance of at least 50 

m between vehicles. 

Accident Procedures: 
In case of an accident, the transporter must implement the approved emergency plan and 

secure the accident scene. 

Sanctions for Non-Compliance: 
Penalties include fines and imprisonment for failing to submit required plans, not adhering to 

regulations, and other breaches. 

 

3. Materials and Methods 

3.1. Study Area 

Appiatse is a small community near the city of Bogoso, 

located in the Prestea Huni Valley District of the Western 

Region in Ghana. It is located approximately on 5°34'54" N 

latitude and 2°00'30" W longitude. Appiatse experiences a 

tropical climate with distinct wet and dry seasons. It has an 

average daily temperature ranging from 24°C to 30°C. The 

wet season, which spans from April to October. The dry 

season, from November to March, is characterized by lower 

humidity and less precipitation. The economy of Appiatse is 

predominantly driven by mining, agriculture, and small-scale 

trading. Mining operations, both large-scale and artisanal, are 
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significant sources of employment and revenue for the 

community. Due to extensive mining activities in the Prestea 

Huni Valley District and neighboring districts, the use of 

heavy-duty trucks to transport mine waste and hazardous 

chemicals is prevalent. 

3.2. Dataset 

The EO data used for the damage assessment comprised 

pre-event and post-event information. The data included 

Sentinel-1 SAR and Sentinel-2 optical images, which pro-

vided detailed radar-based information about the surface 

structure and high-resolution multi-spectral information about 

the land cover, respectively, before and after the event. 

High-resolution UAV images provided precise, localized 

information on damage to infrastructure and the environment. 

A Digital Elevation Model (DEM) was generated from the 

UAV images, offering a 3D representation of the terrain to 

understand topographical changes and quantify morphologi-

cal alterations such as crater depths. Another source of DEM 

used in this research was derived from Shuttle Radar Topog-

raphy Mission (SRTM) data. 

Table 2 shows the specifications of the EO data used, in-

cluding the date of acquisition, spatial resolution, and data 

type. 

Table 2. Details of EO Dataset. 

Time Date EO Data Type 
Spatial 

Resolution 

Pre-event 22/12 2021 Sentinel-2 Optical 10 m 

Time Date EO Data Type 
Spatial 

Resolution 

11/01/2022 Sentinel-1 SAR 20 m 

Post-event 

21/01/2022 Sentinel-2 Optical 10 m 

21 01/2022 UAV Optical 3 cm 

23/01/2022 Sentinel-1 SAR 20 m 

23/01/2022 Capella SAR 35 cm 

Other  SRTM DEM 30 m 

3.3. Automatic Detection of Terrain Changes 

from the Explosion 

Due to terrain changes caused by the explosion, an early 

warning alert was made available through the Enhanced 

Pollution Monitoring (EPM) customised remote sens-

ing-based service developed by Sarmap for environmental 

monitoring [33]. This customised service was first piloted in 

Ghana in 2017 to monitor artisanal and small-scale mining 

activities. Figure 3 shows the workflow of the customised 

service. Data collection and analysis for change detection in 

the EPM remote sensing-based service are fully automated. 

A typical change detection within this service is often done 

using coherence time series analysis. The procedure for 

change detection involves three broad steps: data acquisition, 

pre-processing of SAR data, and detecting terrain changes. 

Data acquisition is done on a continuous basis, where a series 

of SAR images (e.g., Sentinel-1) over the area of interest are 

collected. This provides the necessary temporal coverage to 

monitor changes over time. 

 
Figure 3. Workflow of the Enhanced Pollution Monitoring Remote Sensing-Based Service (modified after EPM [33]). 

During the pre-processing of SAR data, radiometric cali-

bration is applied to ensure that the SAR data is corrected for 

sensor-specific biases, standardizing the pixel values for ac-

curate comparison across images. This is followed by geo-

metric correction (geocoding) to convert the SAR images into 

a map coordinate system by applying a range-Doppler ap-

proach [34]. Detecting terrain changes involves several steps: 

co-registration, interferogram generation, coherence calcula-

tion, and change detection analysis. Co-registration ensures 

that sequential images are precisely aligned in the time series 
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to a sub-pixel level, ensuring that each pixel corresponds to 

the same ground location across the sequence of images. An 

interferogram is generated by computing the phase difference 

between pairs of SAR images acquired at different times to 

detect changes in the terrain. This involves estimating the 

relative shifts between a reference and a slave image and 

interpolating the slave image to account for the estimated 

shifts. Coherence calculation is then performed to measure the 

similarity between image pairs. This helps in identifying 

changes and maintaining consistent monitoring over time. 

The coherence values range between 0 and 1, with 1 indicat-

ing high coherence (no change) and 0 indicating low coher-

ence (significant change). These values indicate the quality of 

the phase correlation between two sequential SAR images and 

serve as a measure of change in the terrain. This is followed 

by coherence time series analysis, where temporal changes in 

coherence for each pixel are analyzed. This step is necessary 

to detect trends and areas where coherence has significantly 

decreased or changed, indicating potential terrain changes or 

disturbances. Change detection is then carried out to identify 

areas with significant coherence changes over time. This is 

necessary to understand specific events or shifts within the 

monitored area. When significant changes are detected, an 

alert is triggered. 

3.4. Processing Orthophotos of Post-Event from 

UAV Data 

The UAV images were processed using photogrammetric 

techniques based on Structure from Motion (SfM) and the 

Dense Multi-view Stereo (MVS) pipeline [35, 36]. Figure 4 

shows the workflow for the SfM and MVS pipelines. Fol-

lowing the acquisition of overlapping images (80% forward 

overlap and 70% sidelap) from a UAV, the SfM pipeline was 

used for automated image orientation and generation of a 

sparse 3D point cloud of the scene. This procedure involves 

feature extraction, feature matching, and outlier detection. 

During feature extraction, a feature-matching algorithm uti-

lising Scale Invariant Feature Transform (SIFT) was em-

ployed to extract salient features from image pairs, which 

were subsequently matched [37, 38]. 

The Random Sample Consensus (RANSAC) algorithm 

was then used to remove outliers from the dataset [39]. Sim-

ultaneous resection and intersection were used to estimate 

both the 3D coordinates of object points and the camera po-

sitions. Bundle adjustment optimises the 3D structure and 

camera parameters to achieve the best fit for all observations. 

During the MVS pipeline, additional conjugate points are 

extracted based on the sparse 3D point cloud of the scene. 

Depth information for each point is calculated, resulting in a 

dense point cloud that provides a more accurate and detailed 

representation of natural and man-made features. 

 
Figure 4. Processing of UAV based on Structure from Motion and 

Dense Multi-view Stereo pipelines. 

3.5. Processing Damage Assessment Maps from 

SAR Data 

Based on the alert following the Appiatse explosion, this 

research conducted a damage assessment using intensity 

changes derived from Sentinel-1 images collected before and 

after the event. The sentinel-1 images were first pre-processed 

and co-registered. Intensity images were extracted and cali-

brated from the Sentinel-1 data for both the pre-event (Ipre) 

image and post-event (Ipost) periods. The methodology in-

volved computing the difference in intensity values (I= Ipre 

- Ipost) to identify areas with significant changes, employing 

appropriate thresholding techniques. These intensity changes 

were then classified into different damage levels. The extent 

and severity of the damage caused by the explosion were 

visualized using maps and overlays, facilitating interpretation 

of the impact. Terrain data from Capella images were also 

integrated to enhance the visualization of the damage extent 

and severity depiction. Orthophoto and Google Maps images 

were used for visual inspection and post-event validation. 

Figure 5 illustrates the workflow for post-hazard damage 

assessment. 
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Figure 5. Workflow for post- hazard damage assessment. 

4. Results and Discussions 

Following the alert from the EPM remote sensing service, a 

visual inspection was conducted to assess the extent of the 

damage caused by the explosion, including the affected 

buildings and infrastructure. Figure 6a shows a 10 m Senti-

nel-2 optical image of Appiatse before the event, with the area 

of interest (AOI) highlighted in yellow. Figure 6b depicts the 

same AOI highlighted in yellow after the event, clearly re-

vealing the impact of the explosion, especially on the road 

networks. 

Figure 7a presents a 20 m spatial resolution Sentinel-1 SAR 

image of Appiatse, with the AOI highlighted in yellow before 

the event. Figure 7b also shows the AOI after the event, sim-

ilarly, highlighted in yellow. The explosion's impact is evident 

within the AOI, particularly noticeable from changes in the 

grayscale levels of various feature types. 

To evaluate the extent of the disaster caused by the explo-

sion, various tools were utilized, including an orthophoto, a 

3D model, a Digital Surface Model (DSM), and a damage 

assessment map. These tools collectively provide detailed 

insights into the impact of the explosion on the affected area. 

Figure 8a and 8b show the DSM and orthophoto superim-

posed on Sentinel-2 images. Figure 9 illustrates a realistic 3D 

model of the Appiatse Community, highlighting the crater and 

the widespread destruction caused by the blast. Numerous 

buildings were destroyed, particularly concentrated around 

the explosion's epicentre where a large crater was observed, 

demonstrating the scale of the blast. Precise measurements 

indicated a crater diameter of 18 m, providing critical data to 

understand the explosion's impact on the local terrain. These 

models also help to identify variations in elevation and 

structural deformations across the affected area. The damage 

assessment map, derived from Sentinel-1 SAR images (illus-

trated in Figure 5), is depicted in Figure 10. This map cate-

gorises the extent of destruction into four level: fully de-

stroyed, destroyed and largely collapsed, strongly damaged 

lightly damaged. Such classification is pivotal for prioritising 

emergency response efforts, enabling targeted interventions 

based on the severity of damage observed. Areas with de-

stroyed buildings, partially damaged structures, and those 

unaffected can be clearly delineated to facilitate the efficient 

allocation of resources for recovery and reconstruction ef-

forts. 
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Figure 6. Sentinel-2 optical images of Appiatse at 10 m spatial resolution. (a) The area of interest (AOI) is highlighted in yellow before the 

event. (b) The AOI after the event. 

 
Figure 7. Sentinel-1 SAR images of Appiatse at 20 m spatial resolution. (a) The area of interest (AOI) is highlighted in yellow before the event. 

(b) The AOI after the event. 

 
Figure 8. DSM (a) and Orthophoto overlaid on Sentinel 2 images. 
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Figure 9. 3D model of Appiatse Community showing the crater and the entire destruction caused by the blast incident. 

5. Environmental and Safety 

Implications of the Explosion Incident 

Ghana’s Environmental Protection Law (Act 490) together 

with Minerals and Mining Law (Act 703) imposes a duty of 

care and responsibility on a mining company to protect its 

surroundings and catchment communities against ground 

vibration resulting from their mining operations. Additionally, 

the impact of these ground vibrations generated from blasting 

activities on people and buildings within the 500 m radius 

from the point of blast needs to be evaluated to ensure safety 

and structural stability. However, effective protection is pos-

sible only if the actual level of the blasting impact is known 

because it is recorded and the data submitted to the Minerals 

Commission for compliance monitoring because when 

blasting vibration exceeds the safe allowable value, it can 

cause engineering disasters such as landslides, structural 

deformation, fracture and even collapse of buildings (struc-

tures), structural instability of underground works, and 

foundation sinking [40-42]. 

Unfortunately, the deadly incident at Appiatse, Ghana, 

which occurred because of the explosion of a 40 ft container 

truck conveying (10000 kg) of explosives, (Ammonium Ni-

trate Fuel Oil) had significant environmental effects on the 

surrounding area. The Ghana Minerals and Mining (Explo-

sives) Regulations, 2012 were breached by the incident that 

occurred on January 20, 2022. 

 
Figure 10. Damage analysis map generated for the Appiatse ammonium nitrate explosion incident. 
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Blasting events induces detrimental effects on the envi-

ronment, such as flyrock, dust, fumes, and air overpressure 

and noise while ground vibrations and airblast beyond the 

blast site are strongly dependent on charge weight per delay, 

confinement, and distance [40, 42-44]. The Appiatse explo-

sion resulted in the release of toxic chemicals and pollutants 

into the environment and left the whole community littered 

with debris generated by the blast event. These environmental 

effects can have long-lasting consequences on the ecosystem, 

wildlife, and human health in the catchment area of the blast. 

The explosion released a significant number of toxic sub-

stances into the air, soil, and surrounding water bodies, posing 

a serious threat to the local ecosystem and the health of the 

residents [45]. The Appiatse explosion likely dispersed a 

variety of heavy metals and other hazardous materials 

throughout the area, which could have devastating conse-

quences for local agricultural productivity because Heavy 

metals/metalloids cannot be easily degraded and are contin-

uously being deposited into soil, water, and sediment, causing 

pollution [46-48]. The resulting impact of this development 

on agriculture cannot be overstated as soil contamination from 

spilled chemicals or debris could affect agricultural lands in 

the area, potentially impacting crop yields and food security 

for local communities where this deadly explosion occurred. 

The destruction caused by the explosion resulted in habitat 

loss for local flora and fauna. The blast site itself was likely 

stripped of vegetation and disrupted ecosystems, displacing 

wildlife populations and altering natural habitats. The 

long-term recovery of these ecosystems may be challenging 

and require extensive restoration efforts to mitigate the envi-

ronmental impact of the disaster. 

Apart from soil pollution, the deadly explosion in Appiatse 

resulted in a significant release of particulate matter and 

harmful gases into the atmosphere. This is because the blast 

involved the burning of various materials, including plastics, 

fuel, and construction materials, all of which emit harmful 

substances when burned [49, 50]. Gases created by detonat-

ing explosives and blasting agents which may contain reac-

tion products that pose a health or environment hazard 

[51-53]. Small amounts of toxic reaction products will, 

however, be formed because of deviations from oxygen bal-

ance, incomplete reaction, or secondary reactions with the 

atmospheric air [51, 54, 55]. 

Due to incomplete reaction of the explosive and subse-

quent reactions with the surrounding air, other reaction 

products will always be present, and some of these are toxic 

if the concentration becomes high enough. The primary toxic 

fumes produced are carbon monoxide (CO), nitrous oxide 

(NO), and nitric oxide (NO2). The total content of the latter 

two is often jointly called the NOx content. The dispersion of 

particulate matter (PM), a mixture of solid particles and liquid 

droplets found in the air was the immediate result of the ex-

plosion. These particles which come in different sizes, and 

those smaller than 10 micrometers (PM10) and 2.5 microm-

eters (PM2.5) are particularly harmful as they can penetrate 

deep into the lungs and cause serious health problems [56-60]. 

The explosion would have released a significant amount of 

PM10 and PM2.5 into the air, leading to a deterioration in air 

quality. Additionally, the burning of materials would have 

released harmful gases such as nitrogen oxides (NOx), sulfur 

dioxide (SO2), and volatile organic compounds (VOCs) into 

the atmosphere. These gases can react with other substances 

in the air to form harmful pollutants, such as ozone and par-

ticulate matter, further exacerbating air quality issues [61, 62]. 

The resultant effect of the release of these diverse air pollu-

tants into Appiatse community and its immediate environ-

ment has the potential causing a wide range of health prob-

lems for the inhabitants who inhaled the noxious gases that 

emanated from the blast. For example, exposure to particulate 

matter can lead to respiratory problems such as asthma, 

bronchitis, and emphysema. Additionally, exposure to 

harmful gases such as NOx, SO2, and VOCs can lead to a 

range of health problems, including respiratory issues, head-

aches, dizziness, and nausea [58, 63, 64]. Furthermore, ex-

posure to heavy metals and other hazardous substances via 

breathing can lead to a range of health problems, including 

neurological damage, kidney damage, and cancer [58, 63, 64]. 

The pollution risks associated with this devastating explosion 

at Appiatse can lead to a high prevalence of skin diseases, 

numbness in the palms, and respiratory problems among the 

affected population. 

The explosion at Appiatse could also have significant ef-

fects on water quality in the surrounding area. This is because 

the blast would have likely resulted in the release of hazardous 

substances into the environment, which could eventually 

make their way into water bodies. Blasting adversely affects 

groundwater when soluble substances from detonators and 

explosives that are not fully combusted permeate groundwater 

[65]. It may cause short-term turbidity and long-term changes 

to incumbent wells due to the expansion of fractures from loss 

of lateral confinement [66, 67]. There are cases reported in the 

literature on groundwater contamination, including elevated 

nitrate levels and turbidity [66]. These metals are particularly 

harmful to aquatic life and can accumulate in the food chain, 

leading to serious health effects for both animals and humans 

[68-70]. Additionally, the blast could have resulted in the 

release of petroleum products and other hazardous substances 

into the environment. These substances can contaminate wa-

ter bodies, making them unsafe for both human consumption 

and aquatic life [68-70]. 

The explosion which was caused by the ignition of a mix-

ture of ANFO. The detonation of this the huge volumes of 

explosive (10000kg) conveyed by the truck mixture produced 

a shock wave with a higher frequency and intensity that radi-

ated outwards from the source, causing the structural damage 

observed (Figure 1). When an explosive detonates, it releases 

an enormous amount of energy in the form of gases, pressure, 

heat, and stress waves [71], causing the surrounding rock 
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mass to develop cracks and get displaced. About 20–30% of 

the explosive energy released is utilized to fragment and 

throw the material [11], while the remaining 70–80% gener-

ates undesirable outcomes [72]. The undesirable outcomes 

include airblast/air overpressure, ground vibration, flyrock, 

noise, heat, fumes/dust, and backbreak. It should be noted that 

heat, which is a part of the undesirable outcomes, does not 

necessarily produce adverse effects; it is the portion of the 

released energy that is not fully utilized in breaking the rock 

mass [65]. The damage level depends on factors such as type, 

condition and age of the structure, foundation, frequency of 

the vibrations, etc. The problem becomes even more with 

structures like religious monuments, schools, hospitals and 

other socially important buildings and historically important 

buildings that are older in age and not stable. 

Ground vibrations originating from a blasting event enter a 

structure at the foundation or ground level and air blast 

through the roof or building sides. As a result, the part of the 

house above ground shakes or otherwise responds [73, 74]. 

In the present case, the blast event caused significant ground 

vibration which was clearly felt in all the surrounding com-

munities including Bogoso and Wassa Akropong in the 

Western Region of Ghana. An observation that was corrobo-

rated by all witnesses we interviewed on the incident scene 

and the catchment area. Air blast is an undesirable and una-

voidable output of blasting that propagates as a compression 

wave in air [71, 74, 75]. Air blast damage and annoyance 

may be influenced by factors such as blast design, weather, 

field characteristics, and human response [43, 76, 77]. The 

explosion resulted in the destruction of approximately 

500-600 buildings, including residential and commercial 

structures in Appiatse (Figure 1B, C, D, E, and F). This ac-

counts for almost all the buildings in the community, leaving 

all the inhabitants of the community displaced after the inci-

dent. The blast wave from the explosion caused various types 

of damage to structures. An examination of the incident scene 

revealed that the broken and shattered glasses, destruction to 

primary structures, unstable partitions and beams, dam-

aged/collapsed ceilings, debris underfoot, and shreds of glass 

embedded in human beings who were unable to escape the 

blast (Figure 1 B, C, D, and F). 

The impact of blasting vibration depends not only on the 

size and strength of the vibrating load, but also on the 

structure and foundation form of the building (structure) 

itself. This observation was since majority of the damaged 

houses were wattle and daud which were plastered with 

sandcrete. The makeup and architecture of these buildings 

which lacked both a concrete foundation and aprons ren-

dered them susceptible to collapse due to the lack or weak 

foundation on which these structures were built. Further-

more, the risks of electrocution were heightened following 

the exposure to live electricity service lines which were not 

disconnected. The overpressure generated by the explosion 

caused windows to shatter and doors to be blown off their 

hinges while flying debris resulting from the explosion 

propelled debris at high velocities, causing damage to nearby 

structures. The collapse of buildings resulted in the en-

trapment of individuals [78]. 

6. Conclusions 

Transporting dangerous products by road or rail is one of 

the potential sources of accidents. In the present study, a truck 

carrying ANFO smashed into a motorcycle, caught fire, and 

accelerated the self-sustaining degradation of the hydrocar-

bon-fuel AN mixture until it exploded at Appiatse. The Ap-

piatse explosion in Ghana underscored the devastating impact 

of mining-related accidents on communities and the envi-

ronment. The extensive damage to buildings and infrastruc-

ture demonstrates the urgent need for stricter safety measures 

in the transport of explosives. 

The use of orthophoto, 3D models, DSMs, and damage 

map in the post-hazard damage assessment of Appiatse 

highlights the vital role of EO data in disaster response and 

management. Orthophotos provide a clear visual represen-

tation of the extent of damage, offering immediate insight 

into the affected areas, while 3D models and DSM offer 

detailed quantitative data, enabling a thorough evaluation of 

the explosion's impact severity by measuring parameters 

such as crater depth and building damage. Additionally, 

damage maps categorize the extent of destruction, priori-

tizing emergency response efforts and guiding targeted in-

terventions. These integrated tools, if incorporated into 

future post-damage protocols, would play a crucial role in 

supporting humanitarian and governmental efforts, particu-

larly evident in the immediate aftermath of the incident in 

Appiatse. By incorporating post-hazard damage assessment 

with disaster preparedness efforts, organizations like 

NADMO can develop and implement effective measures to 

reduce disaster risk and enhance community resilience. 

The paper explores the policy, legal, and institutional 

framework governing the transport, storage, and use of ex-

plosives in Ghana, emphasizing the environmental and safety 

implications highlighted by the Appiatse explosion incident. 

While these events are catastrophic, they are common and 

preventable. The failure to prevent them is often because 

security officials focus on the specifics of each disaster rather 

than considering the similarities between them. Furthermore, 

to mitigate and improve hazardous materials transportation 

risks and impacts on communities near transportation routes, 

it is essential to estimate potential impact areas, considering 

risk factors related to cargo size, road conditions, and time of 

day. These factors can provide additional criteria to ensure 

compliance with established policies and laws. 

Further research on such explosions should explore and 

implement advanced predictive modeling techniques to assess 

the risks associated with transporting hazardous materials 

within mining communities. It should focus on machine 

learning algorithms and big data analytics to predict potential 

accidents based on various risk factors. 
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Abbreviations 

ANFO Ammonium Nitrate Mixed Fuel Oil  

CO Carbon Monoxide 

DEM Digital Elevation Model 

DSM Digital Surface Model 

EM-DAT Emergency Events Database 

EO Earth Observation 

EPM Enhanced Pollution Management 

LI Legislative Instruments 

MVS Multi-view Stereo 

NADMO National Disaster Management Organization 

NO Nitrous Oxide 

NO2 Nitric Oxide 

PM Particulate Matter 

RANSAC Random Sample Consensus 

SAR Synthetic Aperture Radar 

SfM Structure from Motion 

SIFT Scale Invariant Feature Transform 

SO2 Sulfur Dioxide 

SRTM Shuttle Radar Topography Mission 

UAV Unmanned Aerial Vehicle 

VOCs Volatile Organic Compounds  
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