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Abstract 
 
After years dedicated to the harvesting of candelilla in northern Mexico, two critical factors 

remain unchanged: the use of sulfuric acid in the extraction process and the extreme poverty in 

which the inhabitants of the candelilla-producing areas live. These factors not only impact the 

well-being of the community but also pose serious health and safety risks for the workers. In 

response to this situation, a detailed analysis of occupational, health, and environmental risks is 

conducted, highlighting significant threats to both workers and the surrounding community. This 

article proposes a series of actions aimed at implementing best practices in the candelilla 

extraction process in the Valley of Acatita, located in the municipality of Francisco I. Madero, 

Mexico, with the goal of reducing the identified risks and promoting a safer, healthier, and more 

sustainable working environment. 
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Resumen 
 
Después de años dedicados a la recolección de candelilla en la región norte de México, persisten 

dos factores críticos: el uso de ácido sulfúrico en el proceso de extracción y las condiciones de 

pobreza extrema en las que viven los habitantes de las zonas candelilleras. Estos factores no solo 

afectan el bienestar de la comunidad, sino que también suponen graves riesgos para la salud y 

seguridad de los trabajadores. En respuesta a esta situación, se realiza un análisis detallado de los 

riesgos laborales, de salud y medioambientales, los cuales representan amenazas significativas 

tanto para los trabajadores como para la comunidad. Este artículo propone una serie de acciones 

para implementar buenas prácticas en el proceso de extracción de candelilla en el Valle de Acatita, 

Municipio de Francisco I. Madero, México, con el fin de reducir los riesgos identificados y 

fomentar un entorno de trabajo más seguro, saludable y sostenible. 
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Introduction 

 

Candelilla is a perennial shrub with long, thin, 

cylindrical, greyish-green stems covered with a 

waxy substance that protects it from harmful 

agents such as fungi, and allows it to maintain its 

humidity. It belongs to the Euphorbiaceae 

family, which is found in temperate zones. In 

Mexico there is an endemic genus called 

Enriquebeltrania and according to Rojas Molina, 

it is estimated that 57% of the species of this type 

in our country are endemic. Euphorbia 

antisyphilitica is one of the species found in the 

northeast of the country in the states of 

Chihuahua, Coahuila, Durango, Nuevo León, 

Tamaulipas and Zacatecas. 

 

In Coahuila, in the municipality of 

Francisco I. Madero, the Acatita Valley extends 

over 4 rural communities: Río Aguanaval, 

Lindavista, 3 Manantiales and Charcos de Risa. 

The present investigation focuses on the 

procedures carried out in the last two 

communities mentioned, which include the 

health risk conditions they represent for the 

Candelilleros and which result in damage to their 

health. 

 

There are no known pests or diseases that 

can affect the plant and this property has been 

observable for two centuries, when it was used 

to combat pain, as a laxative and to treat venereal 

diseases. The wax that is extracted is yellow to 

light brown in colour, and like the plant, it is hard 

and brittle. Because it is insoluble in water, it is 

soluble in acetone, chloroform, benzene and 

other organic solvents (Rojas Molina et al., 

2011). 

 

At the beginning of the 20th century, the 

demand for wax has increased worldwide and it 

is currently exported to Germany, the United 

States, England and Japan. Thousands of tonnes 

of wax are traded annually, with an estimated 

1,672 tonnes in 1992. The FAO (Food and 

Agriculture Organisation of the United Nations) 

estimated that in 1993 the sale of candelilla 

provided an economic income of 3 million 

dollars per year (Martínez Ballesté et al., 2020) 

and this expanding commercial market is what 

encourages its production in areas where it 

grows naturally. 

 

 

 

Candelilla wax is known to be widely 

used in the food industry due to its 

physicochemical properties. They also make it 

very useful in applications such as 

microemulsions, biodegradable coatings and 

oleogels, among others, as well as ensuring food 

quality and safety (Aranda-Ledesma et al., 

2022). As a source of phytochemical elements 

such as fibre and polyphenolic compounds that 

work as antimicrobial agents, antioxidants and 

as a biological defence (Rojas Molina et al., 

2011), it is indispensable for an important range 

of formulations used in the production of 

cosmetics. As a good plasticiser and because of 

its capacity to retain essential oils, it favours the 

preservation of flavours and is therefore used in 

the manufacture of chewing gum. Other 

applications include coatings for cardboard and 

paper, crayon industry, paints, wax candles, 

lubricants, adhesives, anticorrosives, 

pharmaceuticals, lubricants, plastics, textiles, 

inks, anticorrosives, waterproofing and 

fireworks, etc. (SEMARNAT, 2008). 

 

The physicochemical composition of 

candelilla varies according to the region where it 

is grown, the harvesting season, the spice of the 

plant, its age and other environmental factors. 

However, in a study conducted by Toro-

Vazquez (2011), the plant was characterised as 

being composed mainly of alkanes (26-33 

carbons), high molecular weight esters, sterol 

alcohols (20-29%), free acids (7-9%) and resins 

(12-14%) (Aranda-Ledesma et al., 2022). 

 

Conventional extraction process 

 

Rojas Molina, et al, mention that Borrego and 

Flores developed the simple extraction method 

of boiling the plant immersed in a water-

sulphuric acid solution at the beginning of the 

20th century and it is the technique that has 

prevailed until now, because the plant, in spite of 

its hardness, is brittle and therefore easy to 

manipulate. In the article by Rojas Molina 

(2011), it is mentioned that candelilla has been 

found to provide a wax of excellent quality and 

convenient proportions. 

 

The candelillero moves to the areas 

where there is candelilla (between 5 and 10 km) 

where there are rural roads and where access is 

difficult, so they use mules to move the plant, as 

very few people have any kind of truck to get 

there.  
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The bush is uprooted by hand (without 

taking into account the provisions of NOM-018-

SEMARNAT-1999) to gather the tercios, which 

are bundles of candelilla of around 25 - 35 kg, 

where their weight depends on the moisture 

content (depending on seasonal conditions). 

 

Subsequently, they are taken to 

established open-air sites for extraction, where 

the candelilla is placed in pailas at ground level 

with an aqueous solution of sulphuric acid at a 

concentration of approximately 0.3% by 

volume. Each paila has a capacity of 

approximately 400 to 500 L, where the candelilla 

is pressed and filled with the acid solution using 

direct fire heating to maintain boiling, which is 

the medium in which the molten wax is released. 

The molten wax floats in the form of foam and 

is removed with paddles and placed in a different 

container. 

 

In these vessels, the difference in density 

separates the cerote (which remains light until it 

solidifies) from the remaining acid which settles. 

This unpurified product is then marketed by the 

workers to middlemen, commonly called 

coyotes, who refine the wax and obtain a better 

price for its sale in established industries. The 

burning of dried and exhausted (previously used 

in past extractions) candelilla bushes are used as 

fuel in the pailas. The generation of gases due to 

combustion is abundant and strongly corrosive 

to the equipment.  

 

The method is considered too harmful 

both for the environment and for the 

candelilleros, because it uses sulphuric acid, 

which prevents the formation of an emulsion 

(Pulido-Barragán et al., 2021), leaving 

impurities in the wax and being a dangerous and 

polluting process due to the waste it generates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Good occupational health and safety 

practices 

 

The WHO definition of a healthy work 

environment is as follows: ‘A healthy workplace 

is one in which workers and senior staff 

collaborate in implementing a process of 

continuous improvement to protect and promote 

the health, safety and well-being of all workers 

and the sustainability of the workplace, taking 

into account the following considerations 

established on the basis of previously identified 

needs: health and safety issues in the physical 

work environment; health, safety and well-being 

issues in the psychosocial work environment, 

including work organisation and work culture; 

personal health resources in the workplace; and 

ways to engage with the community to improve 

the health of workers, their families and other 

members of the community’. 

 

In general, Safety, Health and Work can 

be defined as the discipline of anticipating, 

recognising, assessing and controlling hazards 

arising from or occurring in the workplace that 

may endanger the health and well-being of 

workers, taking into account their potential 

impact on nearby communities and the wider 

environment. 

 

A risk, in colloquial language, is 

represented by the possibility of a situation 

occurring in which someone or something 

suffers harm or damage. In the workplace, risks 

are the chances that a worker will suffer an 

occupational disease or an accident related to his 

or her work. Safety is directly linked to the 

analysis of the interrelationship between 

workers and the work activity, as well as the 

materials, equipment and machinery used in the 

activities they perform, since they are exposed to 

various factors that can generate risks in the 

workplace. 

 

Occupational hazards such as trauma, 

noise, carcinogens, airborne particles and 

ergonomic hazards account for a considerable 

part of the burden of disease from chronic 

diseases: 37% of all cases of back pain; 16% of 

hearing loss; 13% of chronic obstructive 

pulmonary disease; 11% of asthma; 9% of lung 

cancer; 8% of trauma; 8% of depression and 2% 

of leukaemia (Secretaría del Trabajo y Previsión 

Social, 2017). 
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Implementing a Safety, Health and 

Environment programme in an organisation is a 

long-term task that starts with a risk assessment. 

This means identifying the occupational health 

and safety and environmental risks that threaten 

workers, the community and all parties that 

interact with the organisation, such as 

contractors, suppliers and customers (Health, 

2021). 

 

Faced with the challenge of developing 

and consolidating a culture of occupational risk 

prevention, the Ministry of Labour and Social 

Security (STPS), which is part of the Mexican 

Government's Judicial Branch, promotes the 

development of guides on good occupational 

safety and health practices, with the aim of 

identifying recommendations for the safe use of 

machinery and equipment, auxiliary means and 

tools, with a focus on prevention. 

 

The publications include information on 

best practices in the construction, forestry, 

agricultural and agro-industrial and electrical 

sectors, which is obtained from various 

information banks in Mexico, as well as from the 

experience of professors and experts linked to 

the topics presented. 

 

The series of good safety practices at 

work disseminates knowledge to prevent 

occupational accidents and diseases, as well as 

safety measures in the different activities carried 

out in the aforementioned sectors, which are 

aimed at reducing and eliminating occupational 

hazards. 

 

The STPS and the Autonomous 

University of Chapingo (UACh) have been 

working on the development of materials on safe 

practices, based on the social service scheme to 

carry out case studies to determine safety 

measures in the use of machinery, tools and in 

various work processes. After eight years of 

effort between the General Directorate of Safety 

and Health at Work and the Academic Unit of 

Forestry Sciences, 8 technical guides have been 

concluded, concerning the forestry sector: 

chainsaw, pesticides, log extraction and 

transport, wood drying, sawmills and wood 

production process, nursery operation, forest fire 

fighting and charcoal production in Brazilian 

beehive type oven, but there is none concerning 

the extraction and process of candelilla 

(Secretaría del Trabajo y Previsión Social, n. d.). 

The search for alternatives with an 

integral approach that contribute to solving the 

specific problems affecting each community, 

and encourage the participation of its main 

perpetrators (producers) is fundamental for local 

development. The key lies not only in focusing 

on productive aspects, but in adopting a broader 

approach that encompasses social and 

environmental aspects. Under this preamble, it is 

of utmost importance to implement participatory 

local development strategies that seek to involve 

the local community in the whole development 

process. This includes the identification of 

problems, the planning of solutions and decision 

making, in order to obtain an accurate and 

complete diagnosis of the local situation, since 

the people who live in the community are the 

ones who directly experience the problems and 

know the particularities of their environment, 

which facilitates the implementation of the 

corresponding actions (Villanueva, 2023). 

 

Methodology 

 

Figure 1 illustrates the methodology used 

throughout the research process, allowing for a 

better understanding of the methodological 

approach adopted to address the objectives set 

out. 

 

Box 1 
 

 
 

Figure 1 

Flowchart of the methodology 

 

Source: own elaboration 
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By virtue of a meeting held in the 

Biochemical Chemistry Department of the 

TecNM-Instituto Tecnológico de La Laguna at 

the request of personnel from the Municipality 

of Francisco I. Madero, Coahuila, who 

expressed the need to conduct research into the 

Candelilla wax extraction process in the Acatita 

Valley, a team of research professors was 

formed to carry out the research. 

 

It began with a review of the 

bibliography and the state of the art of the 

process, and visits were scheduled to different 

Candelilla communities in the region, with the 

aim of carrying out a diagnostic analysis of the 

conditions in which the workers work. 

 

Once the results have been analysed, the 

work risk analysis matrices are selected to be 

used for the extraction and combustion 

processes, the health and safety of the workers, 

as well as the effects on the environment. The 

results obtained from each of the matrices are 

analysed and in a meeting with government 

representatives, proposals for good practices are 

presented to improve the processes, the safety 

and health of the candelilla workers, as well as 

the sustainable planting and harvesting of the 

candelilla plant, which will allow for sustainable 

development for the inhabitants of the 

community. 

 

Results 

 

Despite the studies carried out in the last 20 years 

regarding the extraction process of candelilla, it 

can be affirmed that the extraction process in the 

communities dedicated to this process is the 

same, and the conditions of poverty of the 

workers and their communities make them 

vulnerable to intermediaries (commonly called 

coyotes) who, with a minimum of capital, set up 

the areas for open-pit extraction and provide 

them with acid so that the workers commit to 

work the candelilla and sell their product only to 

them for $70 per kilo. The coyotes finish 

refining the product and sell it directly to the 

companies for more than double the price at 

which they acquired it. 

 

In order to assess the risks in the 

extraction of this process, a work risk analysis 

matrix was used, in which both the probability 

and the impact of the risks generated by each 

activity were taken as criteria, as shown in table 

1. 

 

Box 2 
 

Table 1 

Criteria for job hazard analysis 

 
Level Estimation of 

probability 

Estimate 

of the impact 

U
n

d
er

 1 

The threat 

materialises at most 

once during the whole 

day of extractions. 

The damage resulting 

from the materialisation 

of the threat has no 

relevant consequences 

for the worker and/or the 

environment 

M
ed

iu
m

 

2 

The threat materialises 

at most once in each 

extraction process. 

The damage resulting 

from the materialisation 

of the threat has relevant 

consequences for the 

worker and/or the 

environment. 

H
ig

h
 

3 

The threat materialises 

several times during 

the process of an 

extraction. 

The harm resulting from 

the materialisation of the 

threat has serious 

consequences for the 

worker and/or the 

environment.. 

 

Source: own elaboration 

 

To visualise the level of risk, the matrix 

(table 2) resulting from the relationship between 

the probability of occurrence of the threat and 

the impact of the damage is taken into 

consideration to generate a colour coded 

identification of the level of risk. 

 

Box 3 
 

Table 2 

Risk matrix according to likelihood and severity 

 

Probability Gravity (Impact) 

Under Medium High 

1 2 3 

High 3 3 6 9 

Medium 2 2 4 6 

Low 1 1 2 3 

 

Source: own elaboration  

 

Red zones represent a very serious risk, 

where preventive measures are urgent and the 

risk is firmly limited. Orange values are 

important risks where preventive measures are 

mandatory and must be controlled during the 

whole procedure. Sections in yellow are 

appreciable risks and it should be considered 

whether it is possible to introduce preventive 

measures to reduce the risk. If it is considered 

that it is not yet feasible, just consider keeping 

the conditions unchanged. Those in white are 

taken as marginal risk and will be monitored in 

order not to need preventive measures. 
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Having the baseline values, it is possible 

to list the risks according to three main areas: 

combustion of the spent candelilla, the 

extraction process and the environment. 

 

Spent Candelilla combustion 

 

Spent candelilla, i.e. the plant that has undergone 

a previous extraction process, is left to dry in the 

open air and then used as fuel. This material is 

placed under the kettle, generating the heat 

necessary to carry out the hot extraction (Fig. 2). 

During this process, large quantities of smoke 

are produced which, although initially released 

from one side, end up being dispersed over the 

kettles due to changes in wind direction. This 

phenomenon can impact the efficiency of the 

process and the health of those operating the 

kettles, as the smoke tends to concentrate in the 

areas close to the extraction. This situation 

exposes workers to smoke, which can affect their 

working conditions and long-term health, as they 

are in constant contact with the gases emitted 

during the combustion of the material. 

 

Box 4 
 

 
 

Figure 2 

Open-pit mining 

 

Source: own elaboration  

 

They add dry candelilla and stoke the fire 

to keep it going, so the exposure to heat and 

fumes from standing under the kettle and 

performing this procedure is significant (Fig. 3). 

 

 

 

 

 

 

Box 5 
 

 
 

Figure 3 

Combustion of dried candelilla 

 

Source: own elaboration 

 

Risks in the Extraction Process 

 

The workers work between 3 and 4 hours to 

make two or three uses of the paila. At these 

times they use the sulphuric acid that is provided 

by the coyote for dilution, however, the 

container is a 1 litre plastic canister and they 

pour it directly into the paila. They do not use 

any personal protective equipment and many of 

the workers, especially the younger ones, come 

to work wearing sandals and/or shorts due to the 

heat generated in the process and in the region. 

The process also emits gases that emanate from 

the kettle, as it is continuously boiling (Fig. 4). 
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Box 6 
 

 
Figure 4 

Flue gas emissions (Source: own) 

 

One high-risk activity that is common among 

workers occurs when compacting the candelilla 

inside the kettle. To exert pressure, workers 

often stand on the plant (Fig. 5), without 

considering that the kettle is already hot and 

contains an acidic aqueous solution, especially 

during the second or third extraction (Fig. 6).  

 

Box 7 
 

 
Figure 5 

Worker on the hot pan to compact candelilla. (Source: 

own) 

 

In addition, the combustion furnace is located 

directly below the kettle, and the already 

weakened structure increases the risk of 

accidents. These situations often result in minor 

burns, as well as significant tip-overs or 

collapses, underlining the danger of this practice. 

 

It highlights the condition that these structures 

were made with stones and cement, as shown in 

Figure 6. 

  

Box 8 
 

 
 

Figure 6 

Basic structure of a candelilla wax extraction kettle 

 

Source: own elaboration 

 

The constant use of heat and acid makes 

the kettles vulnerable over time and there have 

been several accidents due to their flimsy 

construction, as they are totally lacking in any 

kind of maintenance. 

 

Risks to the environment 

 

The main air pollutants can be listed as: a) the 

amount of smoke and particles formed during 

the combustion of the dry spent candelilla and b) 

the gases caused by the extraction. These 

pollutants go directly into the environment and 

are dispersed in different trajectories depending 

on the wind direction and are inhaled by 

Candelilleros without any protection. The 

Acatita Valley is an arid, hot and desert area 

where the dry climate generates regular eddies 

and spirals, so the spread of pollutants is 

constant. 

 

Another important condition is that the 

candelilla that has been previously extracted is 

taken out of the pailas and put to dry in places 

close to this process because it will later be used 

as fuel (Fig. 7). There is no preparation on the 

ground where it is left to dry and drain from the 

acid solution. Although the concentration is low 

(around 3%) the volume used is sufficient to 

have an impact on the subsoil. 
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Box 9 
 

 
 

Figure 7 

Removal of pre-extracted candelilla for environmental 

drying and reuse as fuel 

 

Source: own elaboration 

 

From the study of the procedure that 

workers carry out in the extraction of candelilla 

wax in the Acatita Valley, the following risks 

can be listed (table 3) together with their 

resulting risk level. 

 

Box 10 
 

Table 3 

Risks of the activities to which candlestick makers are 

subjected 

RISK PROB GRAV VALUE 
LEVEL 

OF RISK 

Combustion of spent candelabra 

✓ Exposure to smoke 
generated by 

combustion. 

3 3 9 Severe 

✓ Exposure to heat 
(flames) when 

adding and stoking 

fire. 

3 3 9 Severe 

In the extraction process 

✓ Use of sulphuric 

acid 
2 2 4 Apreciable 

✓ Loading and 

unloading of 

harvested 
candelilla from the 

field. 

1 2 2 Marginal 

✓ Exposure to fumes 
generated by 

extraction. 

3 3 9 Severe 

✓ Inappropriate 
actions such as 

2 3 6 Severe 

compacting 

candelilla. 

✓ Constant approach 
to the boiling acid 

solution. 

3 3 9 Severe 

To the environment 

✓ Generation of 
smoke and 

suspended 

particulate matter 
from combustion. 

3 2 6 Severe 

✓ Generation of 

gases due to the 
extraction process. 

3 2 6 Severe 

✓ Subsoil 

contamination 
from acidic 

solution runoff 

from spent 
candelilla. 

2 2 4 Apreciable 

 

Source: own elaboration 

 

Proposal for good practice 

 

Given the high level of risk associated with 

working conditions, it is essential to implement 

measures to protect the health and safety of 

workers. Therefore, a number of good practices 

designed to minimise their exposure to potential 

hazards have been defined. 

 

1. Training workers about the risks 

 

The first step is to instruct the candelilla 

workers on all the risks they face when 

performing this extraction procedure, from the 

use of sulphuric acid, the generation of gases and 

fumes, the handling of hot substances, 

ergonomic care in loading the material, and the 

proper handling of the pailas. Many of them do 

have a close idea of the hazards of the process, 

but in their need to get a safe paying job, they 

disregard its possible harmful effects. The 

intention of this work is to assist in giving them 

safety tips that will prevent accidents and 

minimise the risks they are subjected to, as well 

as protecting the environment and maintaining 

sustainability. 

 

2. Personal protective equipment 

 

Provide appropriate clothing consisting of safety 

boots, trousers and long-sleeved acid-proof shirt. 

In addition to personal protective equipment 

such as respirator, anti-acid gloves and safety 

glasses. With proper instruction, workers will 

understand the importance of constant use of 

their clothing and equipment, and will see a 

reduction in the health problems that many of 

them face today due to this work. 
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3. Support for extraction conditions 

 

Depending on the candelilla originating from the 

Acatita Valley, and depending on the harvesting 

season, the procedure can be studied to adapt the 

following conditions: 

 

- The optimal concentration of the acid 

solution. In order to avoid exposure to 

unnecessarily high concentrations that 

increase the risks. 

 

- To reduce exposure times. By studying the 

process, the extraction curve can be 

generated as a function of the time exposed 

to high temperatures. 

 

- Time at which there is a better extraction. 

It is understood that the season affects the 

moisture content, and therefore the % of 

wax extracted. A study carried out during 

different seasons will be able to determine 

the months in which the extraction will be 

convenient and the best purities will be 

obtained, and in turn, better selling prices. 

 

4. Alternative to the extraction process 

 

The use of organic acids as eco-efficient 

alternatives in the extraction process has had 

better results in increasing the purity of the wax 

and is aimed at being a safe process (Aranda-

Ledesma et al., 2022). Studies comparing the 

traditional extraction process with sulphuric acid 

against another organic acid show that the wax 

extracted with citric acid contains polyphenolic 

compounds with a higher antioxidant activity 

that can be used in food or pharmaceutical 

products (Bautista-Hernández et al., 2021). It 

also has the advantage of not emitting toxic 

gases and having a better extraction purity 

because impurities are reduced by 25% (Rojas 

Molina et al., 2011). 

 

5. Sustainable planting and harvesting 

 

SEMARNAT has provided a regulation in 

NOM- 018-RECNAT-1999 (Martínez Ballesté 

et al., 2020), concerning the sustainable 

extraction of natural resources from Mexican 

deserts to regulate their extraction.  

 

 

 

 

The intention is to analyse the current 

situation of plant growth, the study of an integral 

use of the crop, projecting the variables that 

influence its production, such as soil texture, 

slopes, environmental temperatures and annual 

rainfall (Vargas Piedra, 2020). This, together 

with efficient crop distribution techniques in 

order to guarantee the existence of candelilla and 

generate optimal harvesting conditions. 

 

Conclusions and recommendations 

 

Based on the support to communities focused on 

the generation of wax from candelilla, it is 

possible to apply good practices to improve their 

operating conditions in order to reduce the risks 

they face. In this first stage of support, the 

following concepts will take care of the health of 

the workers and the environment. 

 

1. Educate workers about the risks of the 

process and the forms of protection that 

provide personal and environmental 

safety. They are the protagonists of the 

relevance of this project and their health is 

the main intention.  

 

2. Through governmental support, support 

them with safety equipment (clothing, 

footwear and respirators) for personal 

protection, which will be reflected in the 

health of the workers. 

 

3. At a later stage, the extraction process will 

be studied in order to optimise the use of 

the acid extractor, the conditions such as 

temperature and concentration, with the 

aim of providing insurmountable 

conditions and not exposing the workers 

unnecessarily. 

 

4. Depending on the species harvested in the 

Acatita Valley, study the possibility of a 

different acid extractor to minimise risks 

and increase the percentage of wax 

extraction, improving its purity and 

refining, directly affecting the economic 

recovery of the process. 

 

5. From the sustainable planting and 

harvesting of the plant, it facilitates the 

proximity of the plant, its adequate 

exploitation and optimises the harvesting 

conditions to reduce the problems not only 

of transportation, but also to guarantee the 

conservation of the plant. 
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