Occupational risks in ornamental aquaculture: case analysis of a small-scale producer in Colombia.
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According to the Organization for Economic Co-operation and Development (OECD), fisheries and aquaculture have potential for development in the Atlantic, Pacific and inland waters of Colombia. This is especially true for the main basins of the Magdalena, Amazon, Orinoco and Sinu rivers, due to their biodiversity and rich fish stocks, as well as climatic conditions that are favorable for the farming of tropical and subtropical species. Currently, this sector faces the challenges of a new sustainable aquaculture, which implies promoting the rural development, strengthening the productivity and the competitiveness, while improving the livelihoods of the rural population through decent employment, and promoting the sustainable use of the aquatic ecosystems. Employment in this sector is characterized by informality and lack of social protection, as well as exposure to hazards (FAO Sub-Committee on Fisheries, 2015). In order to learn about occupational hazards in the aquaculture sector, a case analysis of a small producer of ornamental fish located in the Tequendama region of Colombia has been carried out through fieldwork, direct observation, and the application of the Colombian Technical Guide 45 version 2012 of ICONTEC. The study reveals exposure to poor sanitary, safety and environmental conditions (biological and chemical agents, building and electrical conditions), which affects the health and well-being of workers.
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Introduction
Aquaculture is classified according to the environment: maritime, which is located in the coastal areas of the Pacific and the Atlantic, and continental, in the inland waters of a country, with a great biodiversity of hydrobiological organisms. The main aquaculture species that are cultivated are tilapia (Oreochromis niloticus), trout (Oncorhynchus spp.), cachama (Colossoma macropomum) and white-legged shrimp (Litopenaeus vannamei (FAO,2021). At the same time, ornamental aquaculture has had a boom in foreign trade and is currently in the research phase. The General Fisheries Statute Law 13/1995 regulates the integrated management and rational exploitation of fishery resources in order to ensure their sustainable exploitation and defines aquaculture as "the cultivation of hydrobiological species by means of appropriate techniques in natural or artificial environments and, generally, under control.
The Food and Agriculture Organization of the United Nations (FAO 2010) has established the following classification of aquaculture entities: (1) Aquaculture of Limited Resources (AREL) is defined as the activity practiced on the basis of self-employment in conditions of lack of one or more resources that prevents it from becoming self-sustainable; (2) Micro and Small Enterprise Aquaculture (AmyPE) is defined as an aquaculture practiced with a commercial orientation that generates paid employment with some level of technification. In a more detailed manner, the Ministry of Agriculture and the Authority for Aquaculture and Fishery (AUNAP) has furthered the classification with resolution number 1352 of 2016 (Table 1).
The Ministry of Agriculture and Rural Development and FAO carried out together an analytical, participatory, and exclusive process for the formulation of an Integral Policy for the Development of Sustainable Fisheries in Colombia in 2014 (FAO 2014). Aiming at the transformation of this sector and at competing at the international level through the quality of the products, as well as at guaranteeing food security, generate dynamic a market, and at promoting employment opportunities in rural and coastal areas of the country. As a result of this dialogue, the main problems of the economic sector, i.e. high business and labor informality, intensive fishing, negative impact on water ecosystems, low level of education, and training of human resources, lack of competitiveness, innovation and research, have become evident. In response to these challenges, a long-term competitiveness plan for the fisheries sector is formulated with the following strategic axes (Fig. 1).
A few following weaknesses can, however, be identified especially in the strategic axis about training and protection of human resources: lack of training and general low level of schooling, lack of a special protection regime, and insufficient technical assistance, absence of digital literacy, and high job instability. However, setting standards in the axis occupational safety and health for risk monitoring and control has not been a priority. On the other hand, a greater emphasis has been placed on the formalization of employment and insurance to the axis focused on the general social security system.
With the National Sustainable Aquaculture Development Plan (PlaNDAS), the Colombian government has committed to the private and social actors that make up the Aquaculture Chain, including AREL and AMyPE producers, to the integral and sustainable development of the sector, under the conviction that it is a pillar of national importance to (1) ensure food security, (2) improve the quality of life of rural and urban people, (3) generate wealth, (4) provide economic stability and (5) introduce a rational and sustainable use of natural resources (Ministry of Agriculture,2014). In addition, it will establish the necessary strategic lines for the development of competitiveness in the sector and in the formal recognition and connection to the social security systems (Table 2). 

Ornamental commercial fishing is one that aims to extract aquatic organisms whose specimens can be kept alive in aquariums, ponds or pots, as simple ornament. The interested partners must apply for and obtain permission by the Authority for Aquaculture and Fisheries (AUNAP). Mancera Y Alvarez (2008) claim that the farming of ornamental fish in Colombia had a boom in the 1970s. It is characterized by a handcrafted and extractive production of specimens in maritime or sweet waters that generates imbalance in species and ecosystems. In recent years the trade and exploitation of ornamental species has increased thanks to aquarianism, as tropical fish are attractive and of interest to the international market. The Colombian Institute of Agriculture (ICA) refers that the main ornamental species as the highest export flow are cardinals (Paracheirodon Axlerodi), otocinclo (Otocinclus Affinis), corydora meta (Corydoras Metae), arawanas (Osteoglossum Bicirrhosum, O. Ferreirae), motor stripe and macaw stripe (Potamotrygonidae) and cuchas (Loricariidae) in their varieties such as diamond dot, gold dot, flag, chenguele, and the country's flagship fish, the scalar altum (Pterophyllum Altum).
According to the Colombian Association of Ornamental Fish Producers and Exporters (ACOLPECES), Colombia has become the second exporter of South America after Brazil, being the Orinoquia region (Meta – Guaviare) its main producer. The Fig.s of the Colombian Statistical Fisheries Service (SEPEC) reflect that 12.7 million species were exported to the main destinations Asia (54%,), Europe (22.5%), North America (16.5%), Central and South America (6.5%) in 2020. Despite the economic contraction due to the COVID-19 pandemic, this sector expects to grow by 15% - 20% by 2021 (Fig. 2). Colombia has increased fish production through extractive fishing and reduced the practice of aquaculture, which has a negative environmental impact on ecosystems and makes it difficult to comply with international policies, strategies and agreements aimed at sustainable aquaculture. The boom in the ornamental fish trade was in 2017 with exports of $10,557 USD, however, there is an economic contraction and decrease in incomes by 24% in the period (2017-2020), to this is added that the sector has a high rate of business informality that does not fully reflect its performance and productivity.
Franco (2021) has conducted a review on the commercial importance of ornamental fish in Colombia showing that the country has the potential to be among the top five ornamental fish exhibitors and marketers in the world. It must however improve the quality of the species exported and the processes utilized to be able compete with international standards. This highlights the importance of strengthening the innovation, development and research, cultivation and non-extractive practices, together with reinforcing the supply chain added value and efficient use of natural resources for a sustainable development.
The Fisheries sector has approximately 20.5 million people employed worldwide. It is however characterized by unstable labor relations, temporary jobs or use of household labor that do not ensure a minimum income for subsistence. In fact, the scale of activities and the physical environment this activity can be classified as dangerous according to the International Labor Organization (ILO). The protection of labor rights and the insurance of the General Safety System Social is almost null, workers are exposed to dangerous conditions that can cause injury, slips, falls, cuts, infections by parasites or pathogens, burns, irritations, allergies and hard inhalation in the handling of fish, depending on equipment, chemicals, biological agents. 
The Fourth Forum of Fisheries and Aquaculture Parliamentarians of Latin America and the Caribbean Decent Employment and Occupational Safety in the FAO Fisheries and Aquaculture (2018) establishes the FAO Code of Conduct (CCPR) as to the principle of "safety", emphasizing that "States should ensure that fishing facilities and equipment, as well as all fishing activities, provide safe, healthy and fair working and living conditions and comply with internationally agreed standards adopted by relevant international organizations". The responsibility of States and Governmental Authorities is to "ensure the adoption of health and safety standards for all persons involved in fishing operations and that such standards meet at least the minimum requirements of relevant international agreements on working and service conditions", dignifying decent and safe work; that this is done respecting the safety condition and safeguarding human lives.
Artisanal fisheries and limited resource aquaculture (AREL) are productive and social activities of local and regional importance to vulnerable populations in Latin America and the Caribbean, who face specific social protection needs. Béné et al (2015) has identified five dimensions of vulnerability affecting small-scale fishing: 1. environment, 2. income, 3 health,4 with labor additions and 5. Political marginalization. The health dimension includes a high incidence of diseases among artisanal fishermen and personal injuries associated with physical risks of fishing and aquaculture activity. Rodriguez and Flowers (2014) highlight that given the informality that characterizes small-scale fisheries and aquaculture in Latin America, it is difficult to know exactly the total size of this working population. It estimates that fisheries and aquaculture generate around 1.4 million direct use in the region and due to the high degree of informality, control work by the authorities and access to social security is hindered. 
The health social protection needs associated with artisanal fisheries and ARELs are related to occupational risks typical of the activity and the low level of access to health care services. In the case of aquaculture, some risks associated with this activity are poisoning by inhalation or contact with corrosive substances, burns, electric shocks due to poor installation of equipment, infections by low hygiene standards and accidents related to falls to ponds or solid surfaces to wet soils (Oliveira et al. 2017). It is difficult to measure the magnitude of the risks associated with labor standards of artisanal fisheries and limited resource aquaculture in Latin America. This is mainly because they are informal practices for which an exact record is not or known and various working methods are employed.
According to the OECD (2015), It is estimated that this primary sector generates 120,000 jobs in Colombia and one third of these are located on small-scale farms with extractive practices (artisanal capture) and aquaculture (breeding and reproduction). Most workers in the fisheries and aquaculture sector have informal jobs, are self-employed, subsistence producers, people who contribute work in family businesses, or as workers without a written contract and often in temporary, seasonal or short-term jobs. 
The Colombian Fisheries Statistical Department (2019), AUNAP, the Colombian Fisheries Observer Program, and the Universidad del Magdalena, have developed a socioeconomic characterization study of field staff associated with aquaculture farms that are monitored in various departments of the country (Córdoba, Cundinamarca, Huila, Meta, Nariño and Tolima). In a total of 1341 workers who have an average age of 42 and 51 years with a level of studies where 21% complete primary predomination, 19% incomplete primary and 19% incomplete secondary, Generally speaking, 97.4% of the population is in good health: only 2.6% manifest to have some disease among the most common hypertension and diabetes.(SEPEC,2019)
With regard to social security protection, 44.2% of the workers surveyed were found to be affiliated with the contributory health regime, 53% are enrolled in the subsidized health system and only 2.8% reported not being affiliated. With regard to the pension system, 55.7% of the workers surveyed are not affiliated, reflecting a high degree of job informality. In addition, 72% of workers surveyed are not affiliated with an Occupational Risk Manager (ARL) who are unprotected from the occurrence of accidents and diseases of occupational origin.
Generally speaking, these results demonstrate the need for government policies aimed at promoting full coverage of the general social security system for this working population, in order to achieve universality in health insurance, pension and occupational risks.
Occupational risk prevention standards in the sector.
In countries such as Chile, Peru and Spain have identified the dangers present in this activity, risk assessment has been carried out and control measures are proposed to avoid injuries and diseases of labor original, in this working population through protocols, guides and technical standards of prevention (Table 3).
In Colombia there is no specific standard, protocol or information campaign for the prevention of occupational risks in the Fisheries and Aquaculture sector. We have the guidelines established in the Single Regulatory Decree of the Labor Sector 1072 of 2015 Book 2, Part 2, Title 4 and Chapter 6. Establishing the Occupational Safety and Health Management System which applies to all companies in the country independent of the size of the company, economic sector or modality of workers' association (Table 4).
Materials and Methods
Localization
The work was carried out on a farm of a small producer located in the province of Tequendama in the municipality of Anapoima – Cundinamarca on the road La Guácima, is located 87 km south west of Bogotá, is characterized by having a climate between 28°C, wind 8 km/h, humidity of 72%.
Type of study
A descriptive study with a mixed (qualitative) approach was carried out because through observation and fieldwork, the phenomenon of study or problem is located for further characterization. For the identification of hazards, the stages of the production process, activities and conditions of the working environment were carried out.
The importance of risk assessment and assessment is that it allows to know and understand the risks in addition to guiding the management of operational control; in this lies its importance, because on the coherence and validity of the results obtained risk management will be determined, (quantitative) so that the risk assessment will be carried out determining its acceptability and intervention criteria.
Method 
Beltran, C and Murcia J. (2016), present a general analysis of methods for hazard identification, analysis, assessment and treatment of risks in Colombia, revised the comparison of qualitative and quantitative methods of occupational risk assessment, the Colombian Technical Guide for the identification of hazards and risk assessment in occupational safety and health (GTC 45) has been selected (Colombian Institute of Technical Standards and Certification - Icontec., 2012). This method applies to all routine and non-routine processes and activities, and to all personnel working within a company. Collection of information has focused on occupational risks, the intensity of exposure, as well as the controls existing at the time of evaluation. 
Procedure
A proposed matrix is made in GTC 45, which is defined as Annex B, which requests the following information: Process, Zone/Place, Activity, Tasks, Routine or Non-Routine, Danger (Description and Classification), Possible Effects, Existing Controls (Source, Medium, Individual), Risk Assessment (Deficiency Level, Exposure level, Probability level (NP ND x NE), Interpretation of probability level, Consequence level, Risk level (NR) and intervention and Interpretation risk level, Risk assessment (Risk acceptability), Criteria for establishing controls (Number of exposures, Worst consequence, Existence of associated specific legal requirement, Intervention Measures (Elimination, Substitution, Engineering Controls, Administrative Controls, Signaling and Warning, and Personal Protection Equipment/Elements) (Fig. 3).


Results
Analysis of the Productive process
The activities of the production process and the means of production were selected. Guppy species, bettas and zebras are farmed, which are marketed nationally in cities such as Bogotá, Girardot, Ibagué and Cali. For this work, unqualified labor of the region that involves the encopasses the whole production process is used (Fig. 4).
The production process is semi-intensive. The pond is conditioned, i.e induction to laying and the breeders are selected for the harvesting, i.e. obtaining the seed, and for the start of the process, i.e. from larval cultivation to the breeding phase, in which the oxygen and the temperature conditions ensure the optimal environment for the reproduction of alevins, as well as feeding the species, i.e. selection of species to harvest, and then packaging and distributing to the customer (Table 5, Table 6).
Risk assessment
Risk assessment allows the identification of activities possibly resulting in a danger and the prioritization of hazards considering the combination of different dimensions to be considered, i.e. level of deficiency, severity-probability of occurrence (Table 7). The risk level has been judged in a 1-to-4 scale according to Table 8. This allows to identify the acceptability of the future measures (Fig. 5).
The most significant risks are the situational and road which require urgent intervention measures, physical, chemical, electrical, biomechanical risks are acceptable with specific control and risks to improve biological and mechanical (Table 9). 
Discussion
Hazards in the aquaculture sector are characterized according to production systems and scales, process technology and working environment conditions, among the risk factors in this primary sector; there are biological, chemical, biomechanical and situational hazards, which can lead to injury and deterioration to the health of workers, which mostly runs to informal workers or who carry out self-employed activities for their livelihood, who do not have coverage and protection before the General System of Occupational Risks. 
The process of identifying hazards, risk assessment and determining controls, was carried out in accordance with the Colombian Technical Guide 45 in the 2012 version of the Colombian Institute of Technical Standards and Certification (ICONTEC). The probability level assessment was low (mechanical), middle (biological, biomechanical), high (chemical physicist, electrical, situational – order and toilet) and very high (Situational and road hazard). The processes where serious accidents can occur are in planting and cultivation due to farm conditions and facilities and no preventive controls and distribution, due to factors such as human behavior, track conditions and vehicle condition.
The results obtained are consistent with those obtained by Oliveira (2017). Workers engaged in fisheries and aquaculture activities are exposed to poor environmental conditions and significant hazards such as: poisoning by chemical handling, poor electrical installations resulting in direct contacts, hazardous situational facilities that can cause falls in the water and drowning by immersion, infections due to the absence of hygiene and health standards, this study identifies road risk because workers are responsible for the distribution of species and taking into account the statistics of the National Road Safety Agency motorcycle users represent 54.8% of the total deaths and 61.6% of the total injured registered in the country, due to traffic accidents. 
It is clear that artisanal and extractive fishing in rivers and seas is immersed in greater dangers that can even result in deadly accidents due to activities such as diving, use of boats or boats, manipulation of machinery such as cages and harpoons, and contact with hydrobiological species or in the environment. Risk management according to Figueroa et al.,(2013) is part of the social responsibility that in this case is at the head of the National Government and Ministry of Labor, who emanates the guidelines and standards for the promotion and prevention of Occupational Risks, it is a necessity to address the dangers faced by informal workers and vulnerable people as well as to promote the promotion of labor rights within the framework of social protection, the right to well-being, decent and safe work is expected to be a step towards that direction.
Conclusions
In Colombia, fisheries and the aquaculture sector are active players in the rural economy and has small and medium-sized artisanal or resource-constrained producers; these generate employment in rural and coastal areas where employment opportunities are skirmish. According to FAO's analysis there is inequity against labor rights and social protection (FAO 2015). FAO promotes the construction of comprehensive and inclusive social protection systems for rural people in its three main components: non-contributory social protection (or social assistance), contributory social protection (or social security) and labor policies and regulations to ensure decent employment (FAO 2015). It is presented as informal labor relationships or self-employment where there is a dynamic of low income and food subsistence, whereas this requires a risk prevention strategy focused on the social and economic barriers of the population and due to the nature of the activities. The accident rate of fishing is 6.3 work accidents per 100 workers (Consejo Colombiano de Seguridad 2021) and could be higher due to the high informality of the sector so under-registrations are not available for analysis. There remains one aspect to be explored that can be addressed in another study and is the prevalence of diseases in this working population, which according to previous results (Quesada 2017), workers manifest stomach, respiratory and dermatological diseases associated with precarious conditions of hygiene and sanitation. Considering the importance of this sector for rural economics, the proportion of informal workers and vulnerable population engaged, promoting the formalization of workers as a strategy for the reduction of poverty while increasing the knowledge of rights and duties is needed in line with the National Plan of Safety and Health at Work (2013 – 2021). 
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Figure captions
Fig. 1. Schematic view of the strategic axes of the Comprehensive Fisheries Policy Scheme as established by the Ministry of Agriculture and Development (Ministry of Agriculture,2014).

Fig. 2. (A) Size of the ornamental aquaculture production according to ACOLPECES (2020). (B) Export of ornamental fish from sweet water (2011 -2020) according to ACOLPECES (2020).

Fig. 3. Activities carried out to identify hazards and assess risks according to IconTEC Risk Identification, Assessment and Control Scheme (2012). 

Fig. 4. Overview of the aquaculture production process.

Fig. 5. Risk distribution and acceptability according to GTC 45 -2012 (ICONTEC).






Tables
Table 1. The nine Strategic Competitiveness Lines established by the Ministry of Agriculture and Authority for Aquaculture and Fishery with a view to sustainable aquaculture by 2032.
	Axis A
	Sustainable use of natural resources associated with aquaculture.

	 Axis B
	Strengthening institutional and interinstitutional articulation and adequacy of the legal framework governing the activity, for developed and sustainable aquaculture.

	Axis C
	Scientific research, technological development, human resources training and technology transfer for the development of national aquaculture.

	Axis D
	Improving health, biosecurity, animal welfare, quality and food safety in the national aquaculture subsector.

	Axis E
	Technological and competitive improvement in national aquaculture.

	Axis F
	 Increased domestic consumption of fishery products and aquaculture and strengthening of domestic and export markets for domestic aquaculture products..

	G-axis
	Support for the development of Limited Resource Farmers.

	H-axis
	Formalization and organization of aquaculture chain links at the local, regional, and national levels.

	I-Axis
	Creating an enabling economic and financial environment for aquaculture development.




Table 1. Classification of commercial fish farmers according to the Resolution 1352 of 2016 (AUNAP, 2016). 
	 Activity performed
	Seed producer
	produce and market seed (genetic material) either in egg, larval, post-larval, fry, etc. stage.

	
	Producer of meat
	Farmers producing and marketing meat or similar products of aquaculture intended directly for human consumption.

	System of production utilized 
	Pond producer
	They perform the activity in earth ponds, cement stone, concrete, geomembrane, fiberglass or any other material located on dry land.

	
	Producer in water bodies for public use
	grow in cages or cages (floating, half-water or background), fish lockdowns, pens and crops suspended in bodies of water of the public, marine or continental

	Production volume
	Small farmers
	up to 22 tons per year and their total assets do not exceed the equal to 284 current monthly legal minimum wages

	
	Median farmers
	between 22.1 and 240 tons per year or their total assets are less than or equal to 5000 legal minimum monthly wages in force

	
	Great farmers
	>240 tons per year or its total assets are more than 5000 current monthly legal minimum wages





Table 3. Summary of documentary review of official sources in the countries of Spain, Chile and Peru on prevention standards in this economic sector. Regulation or standards in OSH - Fisheries and aquaculture sector.
	Entity
	Technical Standard Prevention

	Country: Spain

	National Institute of Occupational Safety and Hygiene
	NTP 623: Prevention of occupational risks in aquaculture

	Foundation for the Prevention of Occupational Risks
	Guide of procedures and instructions for the verification of the safety conditions of facilities, machinery and tools of the sector – continental aquaculture.

	Foundation for the Prevention of Occupational Risks - APROMAR
	Standards and technical instructions for the management of chemical and biological risk in aquaculture

	Foundation for the Prevention of Occupational Risks.
	Guide to procedures and instructions for the verification of the safety conditions of facilities, machinery and tools in the sector – continental aquaculture

	Chilean Security Association (ACHS)
	Risk Prevention in Fisheries and Aquaculture Training And Publications

	Country: Chile

	Directorate of Labor Government of Chile
	Research Working Conditions and Safety Psicultures of the Araucanía Region(2014)

	
	Proposal National Bureau of Safety and Health at work of the Aquaculture Sector".

	Country: Peru

	SUNAFIL
	Superintendency Resolution No. 273-2019-Protocolfor the Control of Occupational Safety and Health in Aquaculture (2019)





Table 4. Statistics of the General System of Occupational Risks - Fisheries Sector. 
	Fishing Sector

	Indicator
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020

	Total affiliates
	3370
	3403
	4176
	4942
	5102
	5845
	6326
	5988

	Accidental employment rate (%) * 100 person employed
	8.28
	5.88
	9.15
	6.21
	6.10
	5.8
	6.43
	6.3

	Mortality rate* 100.000 person employed
	0.0
	0.0
	23.95
	60.70
	0.0
	0.0
	0.0
	0.0

	Occupational disease rate 100.000 person employed
	89.02
	176.32
	0.0
	80.93
	39.20
	51.32
	47.42
	16.70

	[bookmark: _gjdgxs]Note: According to the report of the OISS and Ministry of Labor Statistics of the General System of Occupational Risks (2013-2017) and statistics by sector of FASECOLDA (2018 -2020),the behavior of the coverage of affiliation, accidentality rate, occupational disease and mortality of the Pesca sector is observed. There is evidence of an increase in occupational risk coverage and a reduction in the rate of accidentality, occupational disease and mortality. There is no specific register for the aquaculture subsector and because for the most part small and medium-sized producers are not formalized, and the full number of Fig.s and their impact are unknown.





Table 5. Classification of activities in aquaculture production - Fieldwork overview.
	Item
	Description
	Frequency

	
	
	Always (routine)
	Sometimes (Non-routine)

	1
	Water and oxygen monitoring (air compressor and hoses)
	X
	

	2
	Feeding fish (Daphnia and Dried eyelets)
	X
	

	3
	Tank washing every 3 days
	X
	

	4
	Review current levels
	X
	

	5
	Clean bore plants and put them back in the pond
	X
	

	6
	Feed fish for reproduction
	X
	

	7
	Pack the fish with enough water and oxygen
	X
	

	8
	Distribute fish on motorcycles until delivered to the customer
	X
	

	9
	Turning on the power plant to Diesel
	
	X





Table 6. Identifying occupational hazards according to identification of hazards according to GTC classification 45 (ICONTEC). 
	Process
	AREA / PLACE
	Activities
	Tasks
	danger

	
	
	
	
	DECRIPTION AND CONSEQUENCE
	classification

	Pond conditioning for production
	pond
	Cleaning the pond
	Emptying pond water and changing bore plant for fertilization
	Microorganism and contact with living organisms / Infectious diseases
	biological

	Pond conditioning for production
	pond
	Cleaning the pond
	Scrub the pond with broom and sponge 
	osteomuscular lesions (lumbalgia) by posture maintained
	Biomechanics

	Pond conditioning for production
	pond
	Cleaning the pond
	Use lime or salt for cleaning
	severe skin and eye irritations and burns with the possibility of eye damage
	chemical

	Pond conditioning for production
	Power plant
	Water and oxygen monitoring
	Turning on diesel power plant
	 Irritation of the eyes, nose, throat and lungs. Inhaling coughing, headaches, dizziness and nausea.
	chemical

	Pond conditioning for production
	Oxygen area
	Water and oxygen monitoring
	Turn on the air compressor and adjust hoses to get oxygen out of the pond
	Shocks, bruises, wounds, eye injuries, particle projection
	mechanic

	Obtaining and selecting the seed
	pond
	selection of breeders for fry production
	catching the fish inserts the body into the pond
	Microorganism and contact with living organisms / Infectious diseases
	biological

	Obtaining and selecting the seed
	pond
	selection of breeders for fry production (screening)
	with hand net capture and review of manual fish
	osteomuscular injuries upper limbs from repetitive hand movement

	Biomechanics

	Planting and Cultivation
	pond
	sheep production and fish feed
	introduce the seeds into the pond, feed the fish/ 
	Microorganism and contact with living organisms / Infectious diseases
	biological

	Planting and Cultivation
	pond
	sheep production and fish feed
	Execution of outdoor activities
	Non-ionizing radiations UV skin diseases
	physical 

	Planting and cultivation
	pond
	sheep production and fish feed
	Execution of outdoor activities
	Disconfort thermal fatigue and dehydration
	physical 

	Planting and cultivation
	pond
	sheep production and fish feed
	manual handling of bucket loads with alevins or fish of 5 to 8 kg
	over-strength muscle upper limbs
	Biomechanics 

	Planting and cultivation
	pond
	sheep production and fish feed
	planting and growing in ponds walks on uneven ground in cement and soil
	Moderate Damage Safety: Lacerations, deep wounds, severe sprains, short bone fractures, falling into drowning water
	Situational

	Planting and cultivation
	pond
	sheep production and fish feed
	planting and growing sliding work surfaces in ponds
stay wet
	Moderate Damage Safety: Lacerations, deep wounds, severe sprains, short bone fractures, falling into drowning water
	situational

	Planting and cultivation
	pond
	sheep production and fish feed
	poor order and grooming conditions
	Moderate Damage Safety: Lacerations, deep wounds, sprains 
	situational

	Planting and cultivation
	pond
	oxygen assurance to ponds
	poor electrical installations loose wires peeled and without insulators, air compressor without protection
	Burn or organic damage by electric shock. electrocution
	electric

	Planting and cultivation
	Dispatch Area
	Cutting rope and tie-down bags
	Handling sharp short element
	wounds
	mechanic

	packing
	pond
	fish enlistment
	Feed fish in bag and oxygen
	Microorganism and contact with living organisms / Infectious diseases
	biological

	distribution
	national route
	motorcycle driving with fish load
	Distribute fish traveled by motorbike to the delivery destination
	incapacity or death traffic accidents
	vial





Table 7. Summary Risk assessment in accordance with the Hazard Identification, Assessment and Risk Control Matrix in accordance with GTC Guidelines 45 -2012 (ICONTEC).
	Tasks
	Danger Classification*
	Risk assessment


	
	
	Deficiency level
	Exposure level
	Probability level**
	Interpretation of probability level
	Consequence level
	Risk level (nr) and intervention
	Risk level interpretation***
	Acceptability
 of risk

	Process: Pond conditioning for production

	Emptyin7g water from the pond
	B
	2
	3
	6
	middle
	10
	60
	3 
	A

	Scrub the pond with broom and sponge 
	BB
	2
	4
	8
	middle
	25
	200
	2
	N.A. or ASC

	Use lime or salt forcleaning, using diesel
	C
	6
	3
	18
	high
	25
	450
	2
	N.A. or ASC

	Turning on the air compressor and hose use
	M
	2
	3
	6
	middle
	25
	150
	2
	N.A. or ASC

	Process: Obtaining and selecting the seed

	Catch the fish inserts the body into the pond
	B
	2
	3
	6
	middle
	10
	60
	3
	A

	
	
	
	
	
	
	
	
	
	

	with hand net capture and review of manual fish
	BB
	2
	3
	6
	middle
	10
	60
	3
	A

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Process: Planting and cultivation

	introduce the seeds into the pond, feeding the fish/changing bore plant for fertilization
	B
	2
	3
	6
	middle
	10
	60
	3 
	A

	
	
	
	
	
	
	
	
	
	

	outdoor activities
	P 
	6
	4
	24
	very high
	10
	240
	2
	N.A. or ASC

	
	
	
	
	
	
	
	
	
	

	outdoor activities
	P 
	6
	4
	24
	very high
	10
	240
	2
	N.A. or ASC

	
	
	
	
	
	
	
	
	
	

	manual handling of bucket loads with alevins or fish of 5 to 8 kg
	BB 
	2
	4
	8
	middle
	10
	80
	3 
	A

	
	
	
	
	
	
	
	
	
	

	planting and growing in ponds walks on uneven ground in cement and soil
	S
	6
	4
	24
	very high
	25
	600
	1
	N.A.

	
	
	
	
	
	
	
	
	
	

	planting and growing in ponds sliding work surfaces remain wet
	S
	6
	4
	24
	very high
	25
	600
	1
	N.A.

	
	
	
	
	
	
	
	
	
	

	[bookmark: _30j0zll]poor order and grooming conditions
	S
	2
	4
	8
	middle
	25
	200
	2
	N.A. or ASC

	
	
	
	
	
	
	
	
	
	

	poor electrical installations loose wires peeled and without insulators
	E
	6
	3
	18
	high
	10
	180
	2
	N.A. or ASC

	
	
	
	
	
	
	
	
	
	

	Process: Packing 

	Feed fish in bag and oxygen
	B
	2
	3
	6
	middle
	10
	60
	3 
	A

	
	
	
	
	
	
	
	
	
	

	cut the mooring rope for the bag
	M
	2
	2
	4
	low
	25
	100
	3 
	A

	
	
	
	
	
	
	
	
	
	

	Process: Distribution

	Distribute fish traveled by motorbike to the delivery destination
	vial
	6
	4
	24
	very high
	60
	1440
	1
	N.A.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	* B, biological; BB, biomechanics; E, electric; M, mechanical; P, physical; S, situational; ** Probability level calculated as Level probability= Level Default x Level exposure; ***scale 1=min to 3=max.
Abbreviations; A, Acceptable; ASC, acceptable with specific control; N.A., not acceptable.



Table 8. Interpretation of the acceptability of the level of risk according to GTC 45 2012 (ICONTEC).
	Risk Level
	Description and mitigation measure

	1
	not acceptable
	Critical situation, urgent correction.

	2
	not acceptable or acceptable with specific control
	Correct or take control measures.

	3
	improvable
	Improving existing control.

	4
	acceptable
	Do not intervene, unless a more accurate analysis justifies it.






Table 9. Prevention measures proposed according to hierarchy (elimination, replacement, engineering controls, administrative controls and PPE).
	Risk
	Prevention measures

	Biological
	· EPP delivery (gloves, cap, water cover, boots, chuck)
· Training use of PPE and hygiene and hand washing
· Health surveillance	

	Biomechanics 
	· Training staff on postural hygiene
· Making active breaks on the workday
· Occupational exams with osteo-muscular emphasis
· Workplace analysis

	Chemical
	· Training safe handling of chemicals and emergency procedures
· Label substances and chemicals
· MSDS indications
· Secure storage
· Delivery and training proper use EPP glasses, gloves, chuck.

	Physical- non-ionizing radiation
	· Training harmful effects solar radiation	
· Protections or hats and wear sunscreen
· Hydration

	Situational
	· Installation of non-slip mats work areas
· Location inspections
· Signage
· Training prevention of falls and prayer and grooming in the work area
· Water rescue course
· Days of order and grooming	
· Protective non-slip footwear rubber boots	

	Mechanical
	· Training prevention of shocks and collisions with objects
· Wearing safety goggles
· Equipment maintenance, periodic changes of water hoses

	Electric
	· Electrical wiring inspection and maintenance
· Electrical risk prevention training
· Signage

	Traffic accidents
	· Road accident prevention training and safe road behaviour
· Maintenance period transport vehicle
· Wearing a safety helmet
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