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ABSTRACT

The disposal of waste from clinical work may impacts on the environment, animal and public health. Nevertheless,
few studies have acknowledged the extent of unproper management of used syringes, needles, medicine containers
and other medical supplies in Latinamerica. The objective of this study was to describe means for disposal of
veterinary supplies used in rural areas and the factors associated with their discharge in urban areas. A cross-
sectional study was carried out in 421 veterinarians working with large animals in the province of Santa Fe,
Argentina, using a structured questionnaire. Statistical analysis included y2 and logistic regression. The results
showed that less than 50% of the respondents bagged used supplies and a minority did it separately. Potentially
hazardous waste was handed out to farm workers for subsequent disposal. Older professionals and those who also
worked with small species had, respectively, 1.3 and 1.5 times more risk of discarding in urban areas supplies
used on farms. On the contrary, those who had their work residence in the Central Region had a significantly
lower probability. Only one in five interviewees had, in their town of residence, availability of accredited transport
of hazardous waste. Only 3 to 5% of respondents discarded supplies waste as pathological waste. The close
relationship between countryside, towns and cities within the same territory puts public health of urban centers at
risk both due to waste disposal and the movement of people from one space to another within the same territory.

Key Words: veterinary, large animal practice, hazardous waste, disposal, risk factors.

DISPOSICION DE INSUMOS VETERINARIOS
UTILIZADOS EN EL AMBITO RURAL DE SANTA FE, ARGENTINA
RESUMEN

La disposicion de desperdicios provenientes de la actividad clinica puede tener un impacto en el ambiente, la
salud animal y publica. No obstante, se han desarrollado pocos estudios en América Latina sobre la dimension del
problema de descarte inapropiado de jeringas, agujas, envases de medicinas y otros insumos médicos. El objetivo
de este trabajo fue describir las formas de disposicién de insumos veterinarios utilizados en el ambito rural y los
factores asociados a su descarte en areas urbanas. Se efectudé un estudio transversal en 421 veterinarios que
trabajaban con grandes animales en la provincia de Santa Fe, Argentina, utilizando un cuestionario estructurado. El
analisis estadistico incluy6 42 y regresion logistica. Los resultados indican que menos del 50% de los entrevistados
embolsaba los insumos usados y una minoria lo hacia por separado de acuerdo al tipo de insumo. Residuos
potencialmente peligrosos eran entregados al personal de campo para su posterior descarte. Los profesionales de
mayor edad y quienes también trabajaban con pequehas especies tuvieron respectivamente 1,3 y 1,5 veces mas
riesgo de descartar en areas urbanas los desperdicios de insumos usados en el campo. Por el contrario, quienes
tenian su residencia laboral en la region centro de la provincia tuvieron una probabilidad significativamente menor.
Solo uno de cada cinco entrevistados contaba, en su localidad de residencia, con disponibilidad de transporte
de residuos peligrosos autorizado. Solo del 3 al 5% de los encuestados descartaba los insumos como residuos
patologicos. La estrecha relacién existente entre el campo y la ciudad dentro de un mismo territorio pone en riesgo
la salud publica de los centros urbanos tanto por el descarte de insumos como por el movimiento de personas de
un espacio a otro dentro del mismo territorio.

Palabras clave: veterinaria, clinica de grandes animales, residuos peligrosos, disposicién, factores de riesgo.
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INTRODUCTION

The province of Santa Fe includes several agroeco-
logical areas that can be broadly described as northern
(mostly extensive beef cattle breeding), central (inclu-
des the most important dairy area in Argentina) and
southern (includess intensive production of food of
animal origin combined with an important agricultural
activity). Agricultural production may have different
impacts on each region, causing diffuse or point pollu-
tion. The latter enters the environment through draina-
ge ditches and dumping sites (locally known as “cavas”)
for discarding waste. On this respect, dead animal dum-
ping sites are easily found in most dairy areas of the
province. Other example of practices with negative im-
pact on the provincial environment include the massive
treatments for tick control in the northern region. Dis-
posal of large amounts of waste from dip baths is of
concern because they can be a major source of neuro-
toxic pesticide contamination in soil and groundwater
(Kunz and Kemp, 1994). In the central and southern
regions, the frequent use of antibiotics in dairying farms
and feed lots can be a significant problem. In intensive
livestock areas, veterinary drug residues can be detec-
ted not only in the region's water resources, but also in
tap water for human consumption since treatment pro-
cesses are not designed to remove these contaminants
(Charuaud et al., 2019).

The disposal of pharmaceutically active compounds
and microplastics is an emerging environmental pro-
blem in Latin America (Pefia-Guzman et al., 2019; Rei-
chert et al., 2019; Kutralam Muniasamy et al., 2020;
Meléndez Marmolejo et al., 2020; Valdez-Carrillo et al.,
2020). A wide variety of drugs enter the environment
after the elimination of metabolites following veterinary
treatments and the inappropriate disposal of unused
containers and medicines affecting the physiological
processes of other organisms that are not targets of the
treatments (Boxall et al., 2004; Zheng et al., 2008;
Hemming et al., 2011; Bartikova et al., 2016; Kovalako-
va et al., 2020; Oliver et al., 2020). Pesticides can cause
clinical signs in humans that are difficult to be recogni-
zed and often require knowledge of the relationship be-
tween patients and environmental exposures (Sanborn
et al., 2002). Pollution from agricultural enterprises is a
priority issue for some countries, but farmers have limi-
ted awareness of the problem (Merrilees and Duncan,
2003).

Although veterinarians generate potentially dange-
rous waste, the enforcement of current legislation is
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relatively low and the awareness on this problem would
seem to be inappropriate (McLean et al., 2007). In Ar-
gentina, some provinces do not specifically include ve-
terinary care centers (de Titto et al., 2015). However,
the National Law 24.051/91 and most provincial regula-
tions consider that biopathogenic residues are the clini-
cal waste resulting from medical care provided in medi-
cal centers for human and animal health.

In the case of the province of Santa Fe, there is basic
regulations for the management of pathological waste
in rural areas (Subsecretaria de Medio Ambiente y Eco-
logia, 1988). This regulation defines the concept of pa-
thological waste, establishes the responsibilities of the
waste generator and the conditions to be met by waste
generators, collectors and transporters. However, the
absence of a defined protocol, the delivery of used su-
pplies to untrained farm personnel, their disposal in
towns and cities and the uneven availability of hazar-
dous waste collection services thoughout the provincce
may prove to be difficult obstacles to overcome. This
problem would have already generated different conse-
quences. For example, many supplies such as disposa-
ble gloves, syringes and needles are frequently reused
and their final disposal is often inappropriate (Wright et
al., 2008; Signorini et al., 2019).

The objectives of this study were: (i) to describe
means of disposal of veterinary supplies used in large
animal clinic, and (ii) to explore associations between
such discposal and selected sociodemographic charac-
teristics of rural veterinarians from the province of San-
te Fe, Argentina.

METHODOLOGY

A cross-sectional observational study was performed
by using a self-administered structured questionnaire
(Figure 1) in veterinarians working with large animal in
the province of Santa Fe, Argentina. The questionnaire
was answered anonymously in person within the fra-
mework of the mandatory continuing education mee-
tings offered by the Medical Colleges of the province of
Santa Fe Board 1 and 2. These meetings were held at
three locations througouth the province (Rosario, Vena-
do Tuerto, Santa Fe, Sunchales, Tostado and Reconquis-
ta). The variables under study included:

(i) Sociodemographic variables: age (further on trans-
formed into dicotomous variable using the median as
cut-off point), gender, professional practice (only lar-
ge or large and small), working geographic region
(north, central or south of Santa Fe province). Data
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were employed to analized associations among va-
riables. Geographical regions were broadely defined
according to the prevalent type of farming.

(ii)Means for disposal of veterinary supplies used during
clinical practice. In this case, supplies included glo-
ves, syringes, needles, scalpel blades, glass and
other sharp items, cotton, gauze, bandages, antibio-
tic containers, hormones, internal and external anti-
parasites. The questionnaire did not included cases
were were discarded elements on the farms.

(iii) Frequency of disposal practice. This variable was
classified using an ordinal scale with three levels:
never, sometimes, always.

(iv) Availability of accredited enterprises authorized to
transport hazardous waste, and enviromental certifi-
cate.

Sample size (n= 421) was estimated with an absolu-
te error of 4%, a confidence level of 95%, and an ex-
pected frequency of 50%, adjusted by the size of the
population (n= 1400). The latter was estimated accor-
ding to the records of the Boards of Veterinarians, pro-
vince of Santa Fe (first and second districts).

Statistical analysis was carried out in two stages.
Firstly, all sociodemographic variables (risk factors;
item i) were compared using 32 with the dependent va-
riable “frequency of disposal practice” -item iii: never,
sometimes, always- (i.e. item that considered if inputs
are discarding of one or more times in urban areas).
Secondly, logistic regression was performed using the
same dependent variable (“frequency of disposal practi-
ce”). The estimation method was maximum likelihood
with a convergence criterion of 0.01 for a maximum of
10 iterations. Only the variables associated with the de-
pendent variable after the y2 with a P< 0.20 were offe-
red to the model. Associations among sociodemogra-
phic characteristics were also tested by means of y2.

RESULTS

Respondents were 46.1+11.7 years old (median 44
years), being women younger than men (P= 0.028).
Most of them were working on the central (43.0%) and
southern (36.1%) regions of the province, while 20.9%
had stablished their professional practice in the nor-
thern area. In respect of the gender, 392 out of 421
respondents (93.1%) were males. Veterinarians wor-
king in the north of the province were younger (P=
0.018) and worked more frequently only with large
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animals (P= 0.002) than those working in other regions.
Professional practice was mostly large animal clinics
(68.8%), while the remaining 31,2% also worked with
small animals. The latter was more prevalent within fe-
males than males (P< 0.001). No associations were de-
tected between age and type of practice (P= 0.817) nor
between gender and region (P= 0.324).

The frequency of respondents with availability of ac-
credited enterprises to transport hazardous wasted was
11.5% in the north of the province, 22.1% in the center
and 22.3% in the south (P= 0.085). No associations
were found between having this service available and
other sociodemographic variable.

Less than 50% of the respondents bagged used su-
pplies and a minority discriminated them in separate
bags (Figure 1). Respondents who bagged sharp ele-
ments prior to discharge them were younger than those
who did not (P= 0.018). A variable proportion of res-
pondents discarded used supplies both on the farm and
on urban areas. Less professionals disposed of syringes
and sharp elements on the farm than other supplies
such as used gloves, cotton, gauze, bandages and anti-
biotic, hormone, and antiparasite containers.

In general, the disposal of the supplies was mainly
carried out by the veterinarian; however, potencially ha-
zardous supplies —-due to their degree of contamination
(i.e. necropsy gloves) or the presence of potentially to-
xic drug residues (i.e. external antiparasites)- were
handed out to the farmer or the farmer employees (Fi-
gure 2). On the other hand, 7 of 10 respondents (71.2%)
who discarded latex gloves on the farm proceeded to
burn them (sometimes: 9.6%; always: 61.6%).

Syringes and sharps (i.e. needles, scalpel blades and
broken glases) were more frequently discarded at the
veterinarians' town of residence than at the farm. Al-
though the discarded supplies were mostly handled in
the respondent veterinarians' workplace, a significant
proportion was taken and discarded at their family resi-
dence (Figure 3).

A total of 364 respondents provided complete infor-
mation about whether they dispose used supplies on the
farm or on their town of residence (farm: 116, urban
area: 103, both: 145). In the bivariate analysis, discar-
ding one or more used supplies in urban areas was as-
sociated with age and type of professional practice (only
large or large and small). No significant associations
were detected with the availability of accredited enter-
prises for hazardous waste disposal (Table 1).
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Insecticide ear tags (n=305)

External antiparatise containers (n=379)

Internal antiparasite containers (n=396)

Hormone containers (n= 348)

Antibiotic containers (n= 403)

Cotton, gauze, bandages (n=364)

Broken glass containers (n=359)

Scapel blades (n=386)

Disposable needles (n= 407)

Disposable syringes (n= 401)

Necropsy gloves (n=364)

Surgery gloves (n=379)

Rectal palpation gloves (n=406)

50 60 70
Frequency (%)

B Separately O Together with other supplies

Figura 1. Frequency (%) of veterinarians who bagg the used disposable supplies (n: total of respondents answering each question) separately or
together with other supplies. Data were obtained from self-administered structured questionnaires carried out in province of Santa Fe.

| | |
Insecticide ear tags (n=305) | EG—|—

External antiparasite containers (n=379) ]
Internal antiparasite containers (n=396)
Hormone containers (n=348)

Antibiotic containers (n= 403)

Cotton, guze, bandages (n= 364)

Broken glass containers (n= 359)

Scalpel blades (n=386)

Disposable needles (n= 407)

Disposable syringes (n= 401)

Necropsy gloves (n=364)

Surgery gloves (n= 379)

Rectal palpation gloves (n= 406)

0 10 20 30 40 50 60 70
Frequency (%)

B Dump by the veterinarian O Hand out to farm personnel

Figure 2. Frequency (%) of veterinarians who disposed used supplies on the farm (n: total of respondents answering each question). Data were
obtained from self-administered structured questionnaires carried out in province of Santa Fe.
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Cotton, gauze, bandages (n= 364)

Broken glass containers (n= 359)
Scalpel blades (n=386)
Disposable needles (n= 407)
Disposaable syringes (n= 401)
Necropsy gloves (n=364)
Surgery gloves (n=379)

Rectal palpation gloves (n= 406)
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W Left on veterinarians' working premises O Left on veterinarians' home

Figure 3. Frequency (%) of veterinarians who brought supplies used on farms to be discarded on their town of residence (n: total of respondents
answering each question). Data were obtained from self-administered structured questionnaires carried out in province of Santa Fe.

Table 1. Bivariate associations between the disposal of veterinary supplies in urban areas (yes/no) and selected sociodemographic variables (n=
364). Data were obtained from self-administered structured questionnaires carried out in province of Santa Fe.

Variable Categories Disposal P
Never Sometimes/always
Age (years) < 44 64.8 35.2 0.001
> 44 41.1 58.9
Gender Female 38.1 61.9 0.150
Male 54.6 45.6
Practice Only large animals 66.0 34.0 <0.001
Large and small animals 24.6 75.4
Accredited transport enterprise Not available 52.2 47.8 0.547
for hazardous waste
Available 57.5 42.5
Region South 48.4 51.6 0.054
Center 64.2 35.8
North 45.5 54.5
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The multivariate analysis was employed using the dis-
posal of veterinary waste in urban areas as a dicotomous
dependent variable. Older professionals (> 44 years) and
those who also worked with small species had respecti-
vely 1.29- and 1.47-times higher chances of discharging
waste in urban areas than younger veterinarians (< 44
years) working with large animals only. On the contrary,
those whose working residence was in the central region
of Santa Fe showed a significantly lower probability than
their colleges stablished in other regions (Table 2).

Only 8.6% of the respondents held the Environmen-
tal Certificate, 10.2% were registered as generators or
managers of hazardous waste and 19.8% had, in their
town of residence, availability of accredited transport for
hazardous waste. One out of 10 veterinarians reused
disposable siringes, while reusing other discardable ele-
ments was not as prevalent. Burning was the most fre-
quent means of elimination of hazardous waste, while
only a small proportion of respondents discarded them
as hazardous waste (Table 3).

Table 2. Logistic regression on the disposal (no/yes) of used veterinary supplies in urban areas and selected sociodemographic variables (n=
219). SE: standard error; OR: odds ratio; Cl: confidence interval. Data were obtained from self-administered structured questionnaires carried

out in province of Santa Fe.

Factors B SE P OR Cl 95%
Constant 0.34 0.08 0.000
Age > 44 years 0.254 0.06 <0.001 1.29 1.14; 1.46
< 44 years*
Gender Female 0.093 0.11 0.399 1.10 0.89; 1.36
Male*
Practice Large and small 0.38 0.07 <0.001 1.47 1.27;1.69
animals
only large
animals
Region South -0.12 0.09 0.159 0.88 0.74; 1.05
Centre 0.21 0.09 0.019 0.81 0.69; 0.97
North*

* Reference population.

Table 3. Means for disposal of veterinary supplies use on farms (n= 412). Data were obtained from self-administered structured questionnaires

carried out in province of Santa Fe.

Used supply (n)

Action (%)

Reuse Wash Disinfection Burn Bury Hazardous
waste

Rectal palpation gloves 0.5 0.7 0.2 64.5 4.9 3.2
(406)

Surgery gloves (379) 0.3 0.3 0 62.5 5.5 4.0
Necropsy gloves (364) 0 0 0 61.0 6.6 4.4
Disposable syringes (401) 10.2 7.2 7.2 45.4 5.5 4.5
Disposable needles (407) 5.2 3.9 3.2 34.9 7.1 5.4
Scalpel blades (386) 1.3 1.6 0.5 30.1 1.6 5.4
Broken glass containers 0 0.3 0.3 56.8 16.7 5.0
(359)

Cotton, gauze, bandages 0 0 0 47.8 5.8 3.8
(364)
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DISCUSSION

Emerging environmental pollution is being studied
with growing interest throughout the world to improve
our understanding of its occurrence, impacts and trends
in different ecosystems (Pefia Guzman et al., 2019). In
the present work, the results show that many hazar-
dous contaminants that should be bagged separately by
veterinary practitioners to be disposed as hazardous
waste were sometimes mixed up with other potentially
biopathogenic residues. Furthermore, some elements
were handed out to the farmer or farmer employees to
be dumped after the profesional left the premises.

Glass, plastic, and sharps disposals are often inade-
quate in rural areas (Scherer de Oliveira et al., 2019),
where farmers and their families receive little training
on the occupational risks they are exposed to. Real
knowledge is limited by a cultural backround that tar-
gets chance or lack of attention rather than the objecti-
ve working conditions as causes of occupational acci-
dents and professional diseases (Posada and Vaca,
2002; Molineri et al., 2014; Koziol et al., 2016). Under
these conditions, charging them with the task of hand-
ling sharps, medicines or hazardous residues is inappro-
priate and can be dangerous. Moreover, waste from
some frequent practices at the herd level, such as the
massive administration of ectoparasitic drugs, can con-
tribute to enviromental contamination (Kunz and Kemp,
1994). Meanwhile, antibiotic residues, resistant bacteria
and resistance genes found in livestock waste can con-
tribute to the emergence and spread of bacterial resis-
tance, decrease microbial diversity and damage other
organisms (Oliver et al., 2020). The administration of
antimicrobials without prior veterinary advice is a com-
mon practice in livestock systems in Argentina. Farmers
have little awareness on the possible impacts of antibio-
tic resistance on human health. Even if they take some
preventive measures, they lack of a holistic view of the
problem and do not have the necessary technical
knowledge or skills to measure the consequences of in-
correct use of these drugs (Golding et al., 2019; Doidge
et al., 2020; Wemette et al., 2020). In a recent study in
Southern Brazil, more than 80% of farmers had ina-
ppropriately disposed medicines, failing to comply with
basic standards of good practice and current legislation.
Many farmers had unsafe drug storage practices, with
the risk of maling them accessible to unauthorized per-
sons, including children (Scherer de Oliveira et al., 2019).
On this regard, of every 10 veterinarians surveyed in the
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present work, between three and six professionals dis-
carded pharmaceutical drugs and containers on the
farm or were left in the hands of farm workers, a clearly
inadequate practice.

Gloves are the most frequent personal protective
equipment adopted by large animal clinicians (Tarabla
et al.,, 2017; Navarrete and Tarabla, 2018). However,
the results obtained showed that means of disposal did
not meet safety standards. Similar results were obtai-
ned as far as disposable syringes and needles were con-
cerned. Reusing hypodermic needles (Huertas et al.,
2019; Signorini et al., 2019) aroses the chance of iatro-
genic transmission of diseases such as leukosis or ana-
plasmosis. Although 61-65% of respondents burned
used gloves and 45% followed the same procedure with
syringes, less than 5% complied with current regula-
tions and treated them as hazardous waste. Syringes
are made of polypropylene, one of the most frequent
polluting polymers in Latin America. Knowledge of the
sources, occurrence, transport, destination and poten-
tial impacts of microplastics remains largely unexplo-
red, and relatively few studies have been conducted in
the region (Kutralam Muniasamy et al., 2020). It is unk-
nown to what degree syringes and other plastic supplies
from the veterinary clinic contribute to global contami-
nation. However, small it may be, this contribution could
be zero if responsible behaviors are adopted. Besides,
some soft plastics, such as ear tags impregnated with
insecticides are widely used in likestock production.
These elements can show traces of active ingredients
after four months of use, when they must be removed
from cattle.

The presence of hazardous waste could be related to
the transportation of used supplies to urban areas for
disposal. It 's reasonable to think than the availability of
hazardous waste transportation companies in urban
areas could be related to the transfer of used supplies to
urban areas for proper disposal. However, in the present
study there was no association between these two va-
riables. Although availability was low, the respondents’
adoption of hazardous waste transportation entreprises
was even lower, suggesting a dichotomy between avai-
lability and usage. Older veterinarians and those wor-
king in large and small animal practice were more likely
to discard supplies in urban areas than younger reson-
dents working only with large animals. Coincidentally,
respondents working in the center and south regions
were older and practice on both types of clinics tan those
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working in the north one. Chances to dump waste in
urban areas may be related to these factors or to other
variables not included in this survey. Obviously, the
lower the frequency of dumping waste in urban areas,
the higher the chances of leaving it on the farms.
Cross-sectional observational studies do not allow infe-
rences about causality. Their greatest contribution is
not to provide answers but rather to generate new
hypotheses about cause-effect relationships. In this
sense, it is posible that, as well as risk perceptions and
the adoption of personal protective equipment (Tarabla
et al., 2017), the decision to dispose on urban areas
supplies that were used in farms may be also linked to
other factors not included in this study (i.e. costs, pres-
sure of control in the different jurisdictions, habits and
traditions).

In Latin America, the lack of environmental monito-
ring and regulation contributes to the abundance of
emerging pollutants (Meléndez Marmolejo et al., 2020).
In many areas of Argentina, there is a close relations-
hip among farms, towns and cities. This fact can put
urban public health at risk both due to the movement of

workers from one space to another within the same te-
rritory and to the disposal of rural supplies in urban
areas (Tarabla et al., 2019). The disposal of hazardous
waste under field conditions is regulated in the province
of Santa Fe (de Titto et al., 2015). This work shows the
necessary to standardize protocols for the elimination of
potentially dangerous residues from veterinary activi-
ties. In the province of Santa Fe, veterinarians working
on the management and care of large animals in rural
areas are recognized and trained as sanitary co-respon-
sibles by the Veterinary Boards. In a context where the
"One World, One Health" concept becomes increasingly
important, a program lead by these provincial Boards
can serve as a firm basis for progress.
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