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ABSTRACT 
Objective: To analyze the level of use of antibiotics in livestock and aquaculture activities developed in the 
lower basin of Jamapa River, to know the possible impact of these compounds on water quality and the risk to 
public health. 
Methodology: A survey of 60 farmers was conducted using a structured questionnaire with 41 open and 
closed questions during the year 2020. The use of key informants with experience in the livestock sector and 
related to the livestock sector in the study area was applied. 
Results: Regarding the profile of the producers, it was found that 95% were men, and women only represented 
5% (2 women). The 50% of producers have a basic level of schooling; 85% of respondents used antibiotics as 
a preventive treatment for disease control, 8.3% apply vitamins and 6.7% use dewormers. Among the most 
frequently used antibiotics is Oxytetracycline. 
Study limitations/implications: to assess the toxic risk that exists when using antibiotics in the livestock 
sector, it is necessary to develop procedures and to plan new regulations for the use of antibiotics in this sector. 
Findings/conclusions: a relationship was found with the use of oxytetracycline by the livestock sector. 
There is great concern about the impact that pharmaceuticals can have on water bodies and outside them. 
It is necessary to carry out risk assessments based on traditional fish responses, such as changes in growth or 
survival.
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INTRODUCTION
	 Antibiotics are the group of pharmaceutical products of extensive use worldwide for 
their therapeutic purposes in human medicine, veterinary medicine and agriculture (Tang 
et al., 2017). Extensive administration of antibiotics due to inadequate regulation and 
poor practices in their use is associated with the increase in antibiotic resistant bacteria 
and genes (FAO, 2016; Tang et al., 2017; Mestorino et al., 2019; Magnusson et al., 2019; 
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Fernández-Rodríguez et al., 2020). The residuality of these compounds has been detected 
in livestock derived products such as meat (Aguilar-Gálvez et al., 2018; Rivera-Alegría et al., 
2018; Vega-Sánchez et al., 2020), kidney (Guerra and Elera, 2021), and raw milk (Cruz-
Mendoza et al., 2017; Jáuregui and Celis-Vielman, 2018). In Mexico, numerous problems 
related to the inappropriate use of antibiotics used in human and veterinary medicine 
have been reported (INSP-UNAM. 2010). However, research on the management of these 
compounds by users and their presence in surface water such as rivers is scarce in Mexico. 
Main routes of entry of antibiotics into the environment is through human excretion, 
elimination of unused products, and agricultural use (Gil et al., 2012). 
	 Agricultural and livestock activities such as cattle and pig farming (Cancho-Grande et 
al., 2000; Echtermann et al., 2019), poultry farming (de Assis et al., 2016;  Mestorino et al., 
2019), and aquaculture activities such as shrimp farming (Le Truong and Thanh, 2019; 
Thiang et al., 2021). Together they constitute the main sources of antibiotics for veterinary 
use (Lara et al., 2019). Antibiotics presence has been reported by various sectors using 
aquatic ecosystems, along with associated impacts on the organisms that inhabit those 
ecosystems. 
	 A diversity of antibiotics and types of compounds for veterinary use are applied in the 
farm animal industry; they are administered primarily through feed and water. Advantages 
from those compounds include improving feeding and growth efficiency, reducing 
morbidity for therapeutic, and prophylactic purposes (Kozarova et al., 2004; Grossi-
Botelho et al., 2015; Khatun et al., 2018). The impact of antibiotic mixing on the diversity 
of microbial populations may be associated with their contribution in the ability to adapt 
and resist antibiotic compounds from wastewater in pig production (Reynoso-Varela et al., 
2020). Likewise, their presence is associated with the generation of DNA damage in living 
organisms (Zirena Vilca et al., 2018).
	 The adverse effects caused by the use of these compounds have contributed to be 
included within the group of emerging pollutants, considered as non-persistent but whose 
solubility in water contributes to their ability to enter all stages of the hydrological cycle, 
and be detectable in aquatic ecosystems (Gil et al., 2012; Snow et al., 2018). The diversity of 
antibiotic compounds for veterinary use is incorporated into aquatic systems by the entry 
of effluents without prior treatment. They can cause effects on the biodiversity and health 
status of the organisms that inhabit these aquatic ecosystems (Barceló et al., 2007; Jimenez, 
2011; Salcedo, 2019).
	 In the state of Veracruz, most of the rivers that cross through the main population 
centers receive discharges of municipal wastewater, industrial discharges and various 
types of pollution from non-point sources (Torres, 2013). In addition, the 14 most 
important rivers in Veracruz register significant levels of pollution, which implies 
serious consequences for human health, limits productive activities and deteriorates the 
environment (CSVA, 2004). Nutrients and pollutants are naturally recycled in aquatic 
and terrestrial ecosystems. However, the anthropic inf luence has altered these cycles by 
increasing the amount of nutrients and pollutants that end up in water bodies, causing 
problems associated to eutrophication, disruption of natural ecosystems and damage 
to human health (Torres, 2013). This represents a risk for wild aquatic species such 
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as fish given their potential incorporation into their tissues and generation of adverse 
effects such as bacterial resistance, among others (Zaragoza et al., 2020). Therefore, the 
importance of evaluating the use made by users of the different productive activities 
developed in this basin is highlighted, given the potential impact of antibiotics on public 
health and the environment. The objective of this research was to determine the level of 
use of antibiotics in livestock and aquaculture activities developed in the lower basin of 
Jamapa River, to know the potential impact of these compounds on water quality and the 
risk to public health.

MATERIALS AND METHODS
Study area
	 The basin of Jamapa River is part of the Jamapa-Cotaxtla and Medellín river system 
(Figure 1). It is located between 18° 45ʼ́and 19° 13ʼ́N, and 95° 56ʼ and 97° 16ʼ́ W; with an 
approximate area of 3,912 km2, it covers 28 municipalities of the state of Veracruz. Within 
the limits of the basin, two main channels are comprised, the Jamapa and Cotaxtla rivers 
that originate in the Citlaltepetl or Pico de Orizaba (5700 m) and flow discharged into the 
Gulf of Mexico (Ortiz-Lozano, 2013). 

Sampling techniques and data collection 
	 Data were obtained by applying a structured survey as a sampling instrument (Piña-
Guzmán et al., 2019; Costa et al., 2021; Ogwuche et al., 2021). This was applied to cattle 
ranchers in the municipalities of Jamapa, Cotaxtla and Medellín in Veracruz, Mexico. The 
study population included antibiotic users located in the municipalities indicated above; 
which allowed to include a greater representativeness in relation to sex and age of the 
participants. It also included data on the production unit of the families, the surface of the 
farm, and the distance from the farm to the lower basin of the Jamapa River. 
	 The questionnaire was the data collection tool on demographics, antibiotic use practices 
and antibiotic management regulations (Ogwuche et al., 2021). The questionnaire was 
structured with 41 open or closed questions. A randomly selected representative sample 
of 60 livestock producers was interviewed individually and in groups. The questionnaire 

Figure 1. Location of municipalities in the lower basin of Jamapa River, Veracruz. 
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was previously evaluated as pilot within a group of producers from the study area to 
verify the quality of the questions and the proper functioning of the instrument designed. 
The use of key informants with experience in or related to the livestock sector in the 
study area was included. 

Statistical analysis
	 Descriptive statistics were used with the statistical package TIBCO Statistica 14.0.0.15 
(TIBCO Software Inc., Palo Alto, CA, USA) to group all the information collected on the 
demographic variables of the interviewees. Antibiotic use for the livestock herd, frequency 
of application of antibiotics and compounds with greater frequency of use; those were the 
most important data considered in the management of livestock herds. 

RESULTS AND DISCUSSION
Socio-economic characteristics of producers and livestock activity
	 Figure 2 shows the average age of cattle farmers in the municipalities analyzed in this 
research (50.614.6). Orantes-Zebadúa et al. (2014) reported the same trend in livestock 
producers in Chiapas, with an average age of 50 years. Meanwhile, Vilaboa-Arroniz et 
al. (2009b) indicated in three age groups for cattle ranchers in the region of Papaloapan, 
Veracruz, with average ages of 5313. 5415 and 5612 years old. Also, De los Santos-
Lara et al. (2015) indicated the same age trend in cattle ranchers in the central region of 
Chiapas, they reported an average age of 52.4 years, out of which 53% indicated being 
older than 50 years old. Chalate-Molina et al. (2010) reported that dual-purpose livestock 
producers in the state of Morelos had an average age of 5212 years. 
	 The average age obtained in those previous studies indicates that there is little 
generational replacement in livestock activity in the study area; which agrees with Chalate-
Molina et al. (2010) who indicated that livestock producer groups are characterized by an 

Figure 2. Distribution of age and schooling (years) of cattle ranchers in the municipalities of Medellín, Jamapa 
and Cotaxtla, in Veracruz, Mexico.
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advanced age and low level of education. The latter statement also coincided with this 
research since it was identified that only 3 interviewees (5%) indicated to have higher level 
studies such as a bachelor’s degree with a 12-year schooling. Chalate-Molina et al. (2010) 
mentioned that INEGI in 2005 recorded that the average schooling of farmers was 64 
years; this value is lower than the national average of 8.1 years. 
	 Similarly, Orantes-Zebadúa et al. (2014) indicated that in farmers there is a basic level of 
study with a schooling of 6 years (primary completed). On the other hand (Vilaboa-Arroniz 
et al., 2009b) reported that traditional farmers indicated a schooling at the basic level with 
66 years, although they also pointed out that 12.1% had a bachelor’s level. In contrast, 
De los Santos-Lara et al. (2015) indicated that 90% of their interviewees had a bachelor’s 
degree, with an average schooling of 17 years; 3% had postgraduate studies and 7% basic 
studies. Vilaboa-Arroniz et al. (2009b) identified differences in schooling; reporting that 
31% of farmers in transition had a bachelor’s degree, whereas 12% of traditional ranchers 
reported the same.
	 Regarding gender, 95% of the interviewees were men; indicating that cattle ranching 
is an activity dominated by the males in the study area, as females only represented 5% 
(2 women) among the participants (Table 1). In contrast, De los Santos-Lara et al. (2015) 
reported that women with higher education (professionals) had a greater participation in 
agricultural activities and these represent 10% of the study population analyzed. This may 
indicate a difference in women’s participation in the livestock sector associated with the 
academic level and the region of the country, because other works do not mention the 
participation of women in this sector.
	 In the study area, it was identified that the interviewees had a work experience in livestock 
of 25.5550 years. A low correlation was identified with an r20.5377 between age and 
years of experience in the livestock sector as indicated in (Table 1). This coincided with 
the years of experience in the activity indicated for traditional farmers with 2513 years, 
a maximum of 60 and a minimum of 1 year (Vilaboa-Arroniz et al., 2009b). According to 
Chalate-Molina et al. (2010), the experience of the producer in the cattle ranching activity 
is the main strength that is based on the human resource in dual-purpose livestock (DP); 
they also highlighted the importance of other attributes such as the availability of family 
labor, the experience in production and the rusticity of the breeds used. In contrast, De los 

Table 1. Characteristics of cattle ranchers in the analyzed municipalities of the central 
area of Veracruz.

Variable Average Minimum Máximum
Age (years) 50.63 18 85

Escolarity (years) 6.45 0 16

Gender (%)
Male 95%

Female 5%

Cattle experience (years) 25.55 2 60

Available area (ha) 20.5 2 72

Cattle heads number 37 7 150

Own elaboration.
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Santos-Lara et al. (2015) indicated that Swiss cattle breeders in Chiapas are characterized 
by experience, education, economic and social potentials to innovate and improve the 
processes of breeding and selection of livestock. 
	 In this research, 96.66% of interviewees operate extensive livestock farming and only two 
producers (3.33%) indicated to manage the intensive type. Extensive grazing is the main 
management system, 98% (Vilaboa and Díaz (2009). And 86.9% of the dual-purpose bovine 
production system is developed mainly under the extensive grazing management system in 
the tropical regions of Latin America (Vilaboa-Arroniz et al. (2009b). In agreement with 
the above, Herrera-Calvo and Majadas-Andray (2018) indicated that extensive livestock 
takes advantage of the resources of the territory, has a behavior of integration and respect 
with local ecological processes, since it must necessarily adapt to them to maintain the 
production process.
	 It should be noted that the information on the area available for livestock activity and 
the number of herd animals was not provided by the producers. But it should be appointed 
that this type of information would allow characterizing the scale of livestock production 
in the study area and the use of antibiotics for this farming activity. 
	 The breeds with the highest predominance in the municipalities analyzed were Dual 
Purpose Creole with 40% (24 interviewees) and Swiss Cebu (17). In contrast, Vilaboa-
Arroniz et al., 2009b) indicated the racial pattern of the cross Swiss  Cebu (79.8%) as 
the most representative, and it has as fundamental objective the production of milk. Also, 
Orantes et al. (2010) indicated that, in livestock production systems through extensive 
grazing, Cebu  Swiss breeds have as their genetic source the breeds Cebu  Dutch and 
Cebu  Simmental, among the main ones. The predominance of Creole cattle in the study 
area indicates the adequacy of the farmers to obtain livestock according to their economic 
conditions and the production area. 
	 Livestock producers interviewed in this research reported frequent use of 11 different 
types of antibiotics. They also indicated that Oxytetracycline with 43.33%, was the 
antibiotic most frequently used by cattle farmers in the three municipalities analyzed; 
followed by Penicillin with 15% and Forfenicol with 8.33%. The rest of the antibiotics 
indicated a less recurrent use such as 3 Sulfas and Tetracicin with 6.66%, Derriengue and 
Draxxin with 5.0% (Table 2). In this regard, Ogwuche et al. (2021) indicated in livestock the 
use of oxytetracycline (82.6%, 317/384), tylosin (44.5%, 171/384) and gentamicin (43.8%, 
168/384), penicillin 39. 3% (151/384) and enrofloxacin 38. 5% (148/384). Herrera-Calvo 
and Majadas-Andray (2018) highlighted the use of tetracyclines, penicillin, sulfonamides 
and polymyxins in cattle in Spain; although they highlighted that a figure greater than 50% 
of antibiotics were destined for pig production.
	 In Figure 3, the livestock producers in the study area did not indicate to implement any 
type of clinical analysis for the application of these drugs. Likewise, Ogwuche et al. (2021) 
indicated that 32.0% of respondents did not undergo antimicrobial susceptibility testing 
(AST) prior to antibiotic treatment. 
	 Recently, the need for adequate administration of antibiotics to preserve the efficacy of 
existing antibiotics against pathogens has been highlighted (Aslam et al., 2018). 
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	 Antibiotics are essential in the therapeutic treatment of bacterial diseases in livestock 
production, because they affect the health, production and well-being of livestock (Van et 
al., 2020). Ogwuche et al. (2021) reported that 60% of respondents recommended the use 
of antibiotics for the treatment of non-bacterial pathogens, including viral, helminth and 
fungal pathogens. This may indicate an abuse of antibiotics for the treatment of pathologies 
not indicated by these compounds. 
	 The different types of antibiotics indicated by farmers in this research involve a diversity 
of compounds applied on an extensive production scale. However, Herrera-Calvo and 

Table 2. Frequently used antibiotics in disease control (diarrhea) reported by cattle ranchers in the 
municipalities of Medellín, Jamapa and Cotaxtla; Veracruz, Mexico.

Antibiotics for 
Veterinary Use Frequency Percentage Antibiotic used in 

diarrhea control Frequency Percentage

Penicillin 9 15.00 Penicillin 6 10.00

Oxytetracycline 26 43.33 Oxytetracycline 38 63.33

Florfenicol 5 8.33 Florfenicol 3 5.00

Derriengue 3 5.00 Ampicillin 1 1.66

3 sulfas 4 6.66 Derriengue 2 3.33

Tetracycline 4 6.66 3 sulfas 2 3.33

Flunixin 1 1.66 Tetracycline 2 3.33

Draxxin 3 5.00 11 Via 1 1.66

Shotapen L.A. 1 1.66 Shotapen L.A. 1 1.66

Fluvicin 2 3.33 Oxitetlacycline 3 5.00

7 via 2 3.33 Bactrex 1 1.66

Own elaboration.

Figure 3. Frequency of antibiotic use reported in the control of diarrheal diseases used by cattle farmers in 
the study area.
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Majadas-Andray (2018) indicated that regardless of the scale of extensive and industrial 
production there is an impact on these activities, and the use of antibiotics in extensive 
livestock farming that must be improved as observed in Figure 3.
	 The 100% of the interviewees indicated that the route of administration of these 
antibiotics is through injection. This implies that an elimination period is required for 
antibiotics and avoid their residuality, reported in milk and meat. Likewise, it was identified 
in this research that only 20% of the interviewees (12 farmers) indicated having knowledge 
about the use of antibiotics, they responded that “they kill bacteria”. The rest of the 
interviewees (80%) indicated that they had no knowledge about antibiotics. The latter 
indicates the importance of the knowledge that producers need to possess about the action 
of antibiotics for a better decision making on their application to livestock. Regarding access 
to technical advice, 85% of the interviewees indicated to pay for the advice of a veterinary or 
zootechnician (MVZ); 15% indicated that they did not have this type of professional advice. 
	 Despite, 100% of those interviewed in this research indicated that they acquire antibiotics 
supplied to livestock in veterinary clinics. In contrast, Vilaboa-Arróniz et al. (2009b) 
indicated that only 47% of producers receive technical advice from the MVZ related to the 
Local Livestock Association and 0.25% receive advice from Research Centers, or public 
and private universities. The latter indicates the importance of technical advice with MVZ 
professionals, particularly in the management of antibiotics for veterinary use.
	 Antibiotics are among the best-selling and consumed drugs in Mexico, according to 
IMSH data (2005) this represents an annual market of 960 million USD and ranks second 
in annual sales (14.3%) in private pharmacies in the country (Dreser et al., 2008). It should 
be noted that in Mexico there is no official published information on the volume and 
management of antibiotics in human and veterinary medicine. This type of information 
is not required of producers in official statistics such as the National Agricultural Census 
(INEGI, 2019), this instrument is focused on collecting information on available area, 
number of livestock heads (cattle, sheep, pigs, poultry), type of feed, among others. In 
addition, it collects information on the management of compounds such as hormones and 
anti-tick baths, but the use of antibiotics is not considered in livestock activity. 
	 It was identified that 85.00% of the interviewees in this research used antibiotics as a 
preventive treatment for disease control, 7.5% applied deworming and vitamins (Table 
3). In agreement with the above (Ogwuche et al., 2021) indicated a similar trend, 96.6% 
reported providing a therapeutic treatment of a disease was the most frequent reason 
for recommending the use of antibiotics, followed by the prevention and prophylaxis of 
diseases with 41.7% and for the promotion of growth 4.7%. It should be noted that the 
preventive treatment with antibiotics reported in the study area should be added to that 

Table 3. Preventive treatment for disease control in the cattle herd.

Preventive treatment for disease control Frequency Percentage
Antibiotics 50 85. 00

Dewormers 5 7.5

Vitamins 5 7.5

Own elaboration.
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implemented for disease control and cases of diarrhea in livestock. This increases three 
times the consumption of antibiotics given to cattle in this research.
	 The non-specific use of antibiotics without knowing the causative agent of the disease in 
animals in the study area is a common practice in agricultural activity worldwide. Likewise, 
Ogwuche et al. (2021) indicated that a high proportion of interviewees in their research 
corresponding to 81.3%, recommended the use of antibiotics to control non-bacterial 
pathogens, including viruses, protozoa and even fungi. Although they also reported that 
98.7% of the interviewees indicated recommending others to the use of antibiotics for the 
control of bacterial pathogens. 
	 The 100% of the interviewees indicated that they did not have any type of government 
support, this may imply that there is no support for the management of cattle and 
compounds of controlled use such as antibiotics in the study area. Chalate-Molina et al. 
(2010) indicated that there is little dissemination of federal, state and municipal support 
programs, highlighted the limited contact with people involved in the promotion of farming 
activity and how this situation makes it difficult to request government support. Cuevas-
Reyes et al. (2012) reported with information from the Agricultural, Livestock and Forestry 
Census in Mexico, that the coverage of technical assistance is low, 3% of the national total 
of production units with agricultural activity have this service, and only 11.7% perceive 
the lack of technical assistance and training as a problem. In contrast, Vilaboa-Arróniz 
et al. (2009b) indicated that 50.1% of the farmers in the Papaloapan region do not receive 
technical assistance.

Environmental risk in the mode of application and management of antibiotics
	 It was previously indicated that oxytetracycline was the most frequent antibiotic 
for farmers in the study area, because they indicated its easy access to acquisition and 
affordable economic cost. This coincides with what was reported by León-Aguirre et al.  
(2017) who indicated the detection of oxytetracycline in pig wastewater from small and 
medium-sized farms in Yucatan. It also demonstrated the persistence and recurrent use 
of this antibiotic in the water used for livestock activities in Mexico. The antibiotics with 
the highest detection report in aquatic ecosystems correspond to diverse chemical groups 
that include tetracyclines (Dang et al., 2007), and aminoglycosides (Shakil et al., 2008). 
	 Pollution by antibiotic residues can reach the consumer through the food chain. It has 
been identified that antibiotics can cause allergic reactions or alter the intestinal bacterial 
f lora of humans. This contributes to potentiate the risk of generation and proliferation 
of strains of antibiotic resistant bacteria (ARB) and antibiotic-resistance genes (ARG) 
(Ventola, 2015; WHO, 2018). As well as, causing marketing problems by affecting product 
quality and market competitiveness (Guzmán-Carrillo et al., 2012; Grossi-Botelho et al., 
2015). The data on the extent of the area used by farmers allow us to know the impact of 
this activity due to the use of chemical compounds. For example, drugs that include mainly 
antibiotics and pesticides, or insecticides and herbicides, among others. 
	 In this research it was identified that 93.33% of farmers discard antibiotic residues 
when throwing bottles in the trash and that only 6.66% of bottles with antibiotic residues 
are burned. 
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	 In agreement with the above, Piña-Guzmán et al. (2019) noted that expired 
veterinary drugs are considered hazardous waste in Mexico, according to NOM-
052-SEMARNAT-2005. However, those authors indicated the disorganization in the 
procedures that include the management and final disposal of antibiotics, since these are 
eliminated jointly with municipal solid waste or are discharged into the drainage. All of this 
can expose the general population and the environment to low doses of those antibiotics, 
which may involve an additional pathway for these compounds. 
	 The main pathways of pharmaceuticals such as antibiotics to the environment are 
through excretion. A wide range of products are identified in surface, groundwater, and 
wastewater (Gil et al., 2012). Also, Cheng et al. (2018) indicated that approximately 70% are 
discarded in their original formula through excreta and urine. Meanwhile, Kümmerer (2009) 
indicated that between 80 to 90% of antibiotics (ATB) are excreted as original compounds 
in the environment, which means that the compounds have not been metabolized in any 
animal body. The latter has special relevance since the proximity of water sources, such as 
the lower basin of the Jamapa River; water was identified at an average distance of 18046. 
9790291.0.6 m, with a minimum distance of 0.0 and a maximum distance of 500 000 
m. In addition, the use of antibiotics was identified in the study area, 100% of the farmers 
indicated to perform anti-tick baths to their livestock herd. The intensive use of antibiotics 
has generated pollution of environmental matrices such as soil, water, sediments, plants, 
and their negative effects have been particularly highlighted in biota (Grossi-Botelho et 
al., 2015). The above agrees with Zirena Vilca et al. (2018) who highlighted the need to 
monitor various environmental matrices to detect and quantify the presence of antibiotics 
in order to have a better understanding of their long-term effects on living organisms.
	 The potential ecological risk of antibiotics in the environment should be evaluated to 
develop management strategies for those substances, with the aim of contributing to the 
reduction of such compounds in aquatic systems (Grossi-Botelho et al., 2015). Dreser et al. 
(2008) indicated that the sale of antibiotics in Mexico has a higher proportion compared to 
developed countries and in transition with large pharmaceutical markets. In the case of our 
country, as previously indicated, there is no official information on the use of veterinary 
antibiotics, which hinders the establishment of mechanisms to contribute to their rational 
use in this sector. Ogwuche et al. (2021) indicated that there are no guidelines in Nigeria 
restricting access to veterinary medicines. Grossi-Botelho et al. (2015) recommended that 
public health and regulatory institutions should commit to the prudent use of veterinary 
antibiotics (VA) due to the risk they pose to human health and the environment. 

CONCLUSIONS
	 The proper management of antibiotics should be a central issue in the field of animal 
health in the livestock sector in Mexico. Cattle ranchers in the lower basin of Jamapa 
River use antibiotics in the treatment of diseases, such as diarrheal diseases, without a 
corroborated bacterial cause. The interviewees reported 11 different antibiotics in the 
municipalities evaluated in the lower basin of the Jamapa River; that is, the use of a mixture 
of compounds whose residues can reach the riverbed, given the proximity of the livestock 
production units to the water source.
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	 A total of 11 antibiotic compounds were found in the three municipalities located in the 
lower basin of Jamapa River. It is possible that the residues of this mixture of antibiotics 
could reach the Jamapa riverbed given the proximity of the livestock production units.
	 The management of antibiotic residues and their final disposal should be addressed 
as part of good livestock production practices, because producers recurrently use 
Oxytetracycline for the treatment of diarrhea in livestock. This indicates frequent use 
of this compound with the risks associated with the presence of these compounds in the 
environment and public health. 
	 The farmers interviewed have knowledge in the management of livestock production. 
However, a high percentage do not know the risks of antibiotics. Farmers and all those 
dedicated to the value chain in the production and fattening of cattle should receive 
information through government advice and research institutions, to provide them with 
knowledge about antibiotics and contribute to reduce inappropriate use, and to promote 
better management practices. 
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