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Impacto das certi�cações de fazendas de café na conservação
da qualidade da água no sul da Colômbia

Diego I. Caviedes-Rubio2* , Karla C. Andrade Vargas3 , Juan M. Andrade Navia4 ,
Alfredo Olaya Maya5  & Daniel Ricardo Delgado2

ABSTRACT: Colombian co�ee is recognized for its high quality due to the biogeographical conditions in which it is 
grown and the postharvest processes that the fruit undergoes in the farms until the dry parchment co�ee (dpc) is obtained. 
For example, wet milling, a process widely implemented in Colombia, uses large volumes of water, which generates large 
amounts of byproducts and wastewater. In Colombia, co�ee farms have adopted various certi�cation programs or voluntary 
sustainability standards, which are consistent with the environmental criteria for e�cient water management. �us, this study 
was conducted to evaluate the impact of the standards required by six of these certi�cation programs and six combinations of 
programs on the water resources used in co�ee farms in southern Colombia. Such an impact was evaluated through indices 
related to the management of domestic wastewater, the e�cient management of the resource, and the environmental quality 
of the residual water generated during wet milling of beans, comparing groups of certi�ed and noncerti�ed farms using the 
propensity score matching method in a sample of 461 farms. �e �ndings of this study indicated that the combination of 
Café Practice and Fairtrade Labelling Organizations International and the application of CPr and Organic programs alone 
are the best indicators. However, in general, certi�cation has a positive impact on the management of water resources on 
co�ee farms with regard to reduced consumption and pollution.
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RESUMO: O café colombiano é reconhecido por sua alta qualidade, devido às condições biogeográ�cas em que é cultivado 
e aos processos pós-colheita pelos quais o fruto passa nas fazendas até a obtenção do café em pergaminho seco. Um desses 
processos, o mais amplamente implementado na Colômbia, é o moinho de processamento úmido, que utiliza grandes 
volumes de água e gera grandes quantidades de subprodutos e águas residuais. Na Colômbia, as fazendas de café adotaram 
vários programas de certi�cação ou padrões voluntários de sustentabilidade, que, em seus critérios ambientais, exigem 
uma gestão e�ciente da água. Este estudo avaliou o impacto dos padrões exigidos por seis desses programas de certi�cação 
e seis combinações de programas sobre os recursos hídricos usados em fazendas de café no sul da Colômbia. O estudo 
foi realizado para avaliar o impacto por meio de índices relacionados à gestão de águas residuais domésticas, à gestão 
e�ciente do recurso hídrico e à qualidade ambiental da água residual gerada durante o processamento úmido dos grãos, 
comparando grupos de explorações agrícolas certi�cadas e não certi�cadas utilizando o método de correspondência de 
pontuação de propensão numa amostra de 461 explorações agrícolas. Os principais resultados sugerem que os programas 
com os melhores indicadores foram a combinação de Café Practice (CPr) e Fairtrade Labelling Organizations International 
(FLO), e individualmente os programas CPr e Orgânico (Org). No entanto, conclui-se que, em geral, a certi�cação tem um 
impacto positivo sobre a gestão dos recursos hídricos nas fazendas de café, reduzindo o consumo e a poluição.

Palavras-chave: padrões voluntários de sustentabilidade, impacto ambiental, fazendas de café certi�cadas, contaminação 
da água

HIGHLIGHTS:
The byproducts generated by wet milling of coffee are the main source of water pollution.
The voluntary sustainability standards adopted by coffee farms have a positive impact on water resources.
Multicertification of coffee farms does not ensure effective water resource management.
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Introduction

Co�ee production is the main livelihood for millions of 
farmers globally (Pham et al., 2019). In Colombia, it is the 
main pillar of the agricultural economy, being the second-
largest co�ee-producing country worldwide, with 12.8 million 
co�ee bags produced in the 2023/2024 co�ee year (ICO, 2024). 
Over 22% of Colombian co�ee is produced in the department 
of Huila, which includes �ve of the top 10 co�ee-producing 
municipalities of this country (Agronet, 2022).

�e rising global demand for co�ee has led to increased 
freshwater use. Between 15 and 40 L of water are consumed 
to process 1 kg of co�ee (Sengupta et al., 2020; Rodríguez et 
al., 2021), stressing local watersheds (Sporchia et al., 2023). 
Colombian co�ee is rainfed because of favorable agroclimatic 
conditions (Camacho & Uribe, 2018; Rodríguez, 2020). 
However, the wet processing method used contributes to high 
water use and contamination. Pollutants such as honey and 
husks generated from this process can pose a risk to human and 
animal health because of their high organic load, pesticides, 
fertilizers, and high chemical oxygen demand (COD) (Desai 
et al., 2020; Sengupta et al., 2020; Rodríguez et al., 2022; Said 
et al., 2023).

�e water footprint of Colombian co�ee considering a full 
cycle is approximately 4457 L kg-1 of green co�ee (Rodríguez, 
2020). Leal & Tobón (2021) estimated a green water footprint 
of 8746 L kg-1 and a gray water footprint of 7000 L kg-1, which is 
linked to wastewater generated from wet processing, a�ecting 
the Cauca and Magdalena river basins (Tejeda-Benitez & 
Olivero-Verbel, 2016; Tejeda-Benítez et al., 2023).

A�er Vietnam, Colombia has the smallest water footprint 
in co�ee production (Leal & Tobón, 2021). �is footprint 
varies by biogeographical factors and production methods, 
and it decreases with the increase of planting density and 
yield (Rodríguez, 2020; Byrareddy et al., 2020). Ecofriendly 
processing techniques can also decrease the gray water 
footprint, mitigating environmental impact (Beyene et al., 
2012).

In addressing the current challenges, including agricultural 
pressure on water resources, environmental sustainability 
measures have been adopted (Rodríguez et al., 2021; Sporchia 
et al., 2023). For example, voluntary sustainability standards 
or certi�cation programs have been implemented in good 
agricultural practices and fair trade (Partzsch et al., 2021). 
�ese programs promote e�ciency in water use, compliance 
with discharge regulations, and safe wastewater handling to 
protect water quality and food safety (Jas, 2005; Ra, 2017; Utz, 
2017; USDA, 2018; Fairtrade, 2019).

From an environmental perspective, co�ee certi�cation 
schemes systematically incorporate criteria for the protection 
and sustainable management of water sources. �ey encourage 
water saving practices among coffee growers (Milder & 
Newson, 2015) and support ecosystem services such as carbon 
storage, water puri�cation, and �ow regulation (Tscharntke 
et al., 2015). However, the e�ectiveness of such criteria varies 
by geographic and socioeconomic contexts. For example, 
studies in Vietnam and Ethiopia showed that certi�cation 
programs have no signi�cant e�ects on irrigation e�ciency 

or water protection (Partzsch et al., 2021; Ho et al., 2022). By 
contrast, studies in Costa Rica showed a correlation between 
reductions in wastewater generation and certi�cation (Ibañez 
& Blackman, 2016).

In Colombia, the positive impact of certified coffee 
farming on water resources is well documented. Previous 
studies emphasized the implementation of water conservation 
measures and reduced water contamination (Hughell & 
Newson, 2013; Rueda et al., 2015; Grabs et al., 2016; Caviedes 
et al., 2023). �e reforestation of microwatersheds within co�ee 
farms contributes to hydrological regulation and biodiversity 
conservation (Bosselman et al., 2009; Jha et al., 2014). Certi�ed 
producers also reduce the use of agrochemicals, adopt waste 
minimization practices, and optimize water use during wet 
processing, thereby reducing wastewater pollutants (Galindo 
et al., 2012; García et al, 2014; Ibañez & Blackman, 2016; Grabs 
et al., 2016; Valbuena-Calderón et al., 2017).

Thus, this study aimed to evaluate the impact of the 
standards required by six certification programs and six 
combinations of certi�cation programs on the water resources 
used in co�ee farms in southern Colombia.

Material and Methods

The study was conducted on 461 coffee farms (Coffea 

arabica L.) in the municipality of Pitalito, which is part of the 
department of Huila in southern Colombia (Figures 1A and 
B) and is recognized in the last 12 years as the region with 
the highest co�ee production in the country. �e territory of 
Pitalito covers an area of 625.54 km2 (1° 52′ N and 76° 02′ W) 
in the Colombian massif (Suárez et al., 2021), immersed in 
the biogeographical district of San Agustin of the ecoregion 
called “Montane Forest of the Magdalena Valley” (Olson 
et al., 2001; Brand et al., 2021). Pitalito corresponds to the 
agroecological zones ZAE5 and ZAE6 of the department 
of Huila (CENICAFÉ, 2019), with homogeneous climatic 
conditions ranging from cold humid to the predominant 
dry temperate climate in 77.3% of the territory, where co�ee 
cultivation mainly takes place (Sánchez & Acosta, 2015; 
CENICAFÉ, 2019), accounting for approximately 29% of the 
territory of this municipality. �e evaluated farms are located 
at an altitude range of 1200–2000 m, where co�ee varieties 

Figure 1. Maps showing the location of Colombia (A) and the 
municipality of Pitalito in the south of the Huila department 
(B)
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such as Typica, Bourbon, Tabi, Caturra, Castillo, Colombia, 
Geisha, and Maragogype are grown (Sánchez & Acosta, 2015).

The impact of certification programs with voluntary 
sustainability standards, which were adopted by co�ee farms 
in the municipality of Pitalito (Huila), on water resources was 
evaluated in 461 farms. �e included farms were categorized 
into 12 groups with different certification programs or 
combinations of certification programs and a group of 
uncerti�ed farms (Table 1). Each group consists of 30 certi�ed 
co�ee farms, and one group consists of 101 uncerti�ed farms 
located in the districts of Bruselas, Criollo, Charguayaco, and 
Regueros in the municipality of Pitalito.

An index of measures for the conservation of water bodies 
on co�ee farms (IMCW) was determined from the responses 
obtained from a survey conducted in each agricultural 
production unit, which contained a multiple-choice question 
that included a series of measures for the conservation of 
springs, wetlands, streams, or creeks within the farm, following 
the methodology proposed by DANE (2013) and FAO & UPM 
(2021). �e measures with the highest number of repetitions 
were selected, accounting for eight measures. �en, the total 
number of measures selected as a response by the farm owner 
was listed. �is value was divided by 8, which corresponds to 
the total number of measures, to obtain a value ranging from 
0, indicating that no measures are taken for the conservation 
of water bodies on the farm, to one 1, indicating that su�cient 
measures are taken for the conservation of water bodies.

�e impact of the certi�cation programs adopted by the 
co�ee farms was assessed by evaluating three indices, namely, 
domestic wastewater treatment e�ciency index (DWTEI), 
water management index in the wet processing of coffee 
(WMIWPC), and environmental quality index in the wet 
processing of co�ee (EQIWPC), following the methodologies 
proposed by Rodríguez et al. (2015), Malacatus et al. (2016), 
and Rodríguez et al. (2021).

DWTEI was determined by identifying each of the units 
of the domestic wastewater treatment system that each co�ee 
farm evaluated in this study. In the �eld, their existence and 
their state, that is, whether they were functional or not, were 
corroborated. Each of the units was evaluated using the 
percentage of organic matter removal, which is measured as 
COD, as the reference (Table 2). All the domestic wastewater 

treatment units observed are also presented. �e references 
were primarily published by researchers from the National 
Co�ee Research Center (CENICAFÉ).

�e index values ranged from 0 to 1 and corresponded to 
the fraction of organic matter measured as COD, which can 
be removed by the domestic wastewater treatment system 
available at the farm. �us, the closer the value of the index is 
to 1, the higher its e�ciency.

WMIWPC is an environmental indicator in the co�ee 
production process used by CENICAFÉ to quantify the 
amount, savings, and e�ciency in water consumption during 
wet processing of co�ee (Rodríguez et al., 2015). It involves 
assigning a weighted value at each stage of the process carried 
out on a farm. �us, it compares  the water consumption of the 
device available at each stage of the farm’s processing facility, 
using the consumption in the same stage of the process by 
conventional processing as a reference, thereby determining 
water savings (Eq. 1) (Rodríguez et al., 2021).

RA - Rainforest Alliance certi�ed; FT - Fairtrade Labelling Organizations International; 
Utz - UTZ certi�ed; Org - Organic; CPr - Co�ee Practice; 4C - 4C Certi�cation; NC - 
Uncerti�ed

Number 
of certifications 

Certification or group 
of certifications 

Number of farms 
evaluated 

1 RA 30 
1 Org 30 
1 CPr 30 
1 FT 30 
1 4C 30 
2 Utz + CPr 30 
2 RA + CPr 30 
2 FT + CPr 30 
2 RA + FT 30 
3 RA + FT + CPr 30 
3 RA + Utz + CPr 30 
4 RA + FT + Utz + CPr 30 
0 NC 101 

 

Table 1. Programs or combinations of certi�cation programs 
in the evaluated voluntary sustainability standards

Table 2. Percentage of chemical oxygen demand (COD) 
removal for di�erent units of domestic wastewater treatment 
systems found on co�ee farms

Treatment unit % COD Removal References 
Grease trap 10–20 Sánchez & Matsumoto (2016) 
Septic tank 30–40 Rodríguez et al. (2018) 
Stone filter 60–80 MDE (2002) 

Anaerobic filter 60–80 Rodríguez et al. (2018) 
Artificial wetland 70–80 Rodríguez et al. (2019) 

Green filter 65–75 Rodríguez et al. (2022) 

Biodigester 70–90 
Lansing et al. (2008); 

Pin et al. (2020) 

 

1

e w
VP ak

−=

where:
VPe - indicates the weighted value of each stage; 
a - indicates the water savings in the speci�c processing 

stage in L kg-1 of dpc; and, 
k

w
 - indicates the constant corresponding to the average 

value of water consumption during conventional processing, 
which is equivalent to 40 L kg-1 of dpc.

The VPe values are summed up to obtain WMIWPC 
(Eq. 2), which ranges from 0 to 1, with 0 being the highest 
water consumption, with no savings, and values close to 1 
corresponding to processes with greater savings, e�cient water 
use, and low consumption.

n

i 1

WMIWPC VPe

=

=∑

EQIWPC was designed by considering the stages of co�ee 
processing in which contaminating byproducts are obtained 
from organic matter quanti�ed as COD. �is index aimed at 
assessing the environmental impact caused by the handling, 
disposal, and treatment of such byproducts (Rodríguez et al., 
2015). It assigns a weighted value to each stage of the process 
corresponding to the impact generated by the byproduct 
(pulp or mucilage). Such an impact is related to the reduction 
in the contaminating potential of the byproduct based on 

(1)

(2)
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the devices or structures available at the processing facility 
in its di�erent stages and to water consumption and other 
practices of the process. �e index values range between 
0 and 1. Values equal to or close to 0 indicate a negative 
environmental impact. Conversely, values close to or equal 
to 1 indicate that an adequate management and treatment of 
the byproducts generated during the process is carried out on 
the farm, which reduces or minimizes the ecological impact 
(Rodríguez et al., 2021).

A valid counterfactual was determined for the 12 
groups of certi�ed co�ee farms, and the di�erence in their 
IMCW, DWTEI, WMIWPC, and EQIWPC was measured 
to determine the impact of certi�cation programs on water 
quality conservation. In this study, the observations in 
the control group with a p-score lower than the minimum 
p-score in the treatment group and the observations in each 
treatment group with a p-score higher than the maximum 
p-score in the control group were initially eliminated (Ruben 
& Fort, 2012). �en, the propensity scores of the treatment 
group for each observation with values ranging from 0 to 1 
were estimated, which indicates the probability of obtaining 
the certi�cation being directly proportional to the score 
obtained. �e following covariates were used: the age of the 
owner, gender, years of education, land tenure, participation 
in associations or cooperatives of co�ee growers, altitude 
of the farm, area of the co�ee plantation, the percentage of 
the farm area cultivated with co�ee, the age of the crop, and 
the distance from the farm to the nearest populated center. 
�en, the average treatment e�ect on the treated (ATET) 
was calculated from the common support area between each 
treatment group and its respective control group (Dietz et al., 
2020; Estrella et al., 2022).

�e MPS results were evaluated using the kernel algorithm, 
which structures the counterfactual result obtained from the 
weighted average of the individuals in the control group and 
the nearest neighbor match, selecting an individual from the 
control group with a similar or close propensity score. In 
this case, the weighted average of two neighbors was used, 
obtaining matching with replacement; therefore, a farm can 
be matched on multiple occasions (Baser, 2006; Ruben & 
Fort, 2012; Estrella et al., 2022).

�e propensity score matching (PSM) test was performed 
using R version 4.2.2. through the independent platform for 
statistical analysis R Studio utilizing packages Ade4, Ggplot2, 
Magrittr, Dplyr, and FactoMineR.

Results and Discussion

�e IMCW values on co�ee farms in the municipality of 
Pitalito signi�cantly di�er from those on uncerti�ed farms 
(Table 3). Organic (Org) farms adopt the most measures for 
the conservation of water bodies in their territory compared 
with their uncerti�ed counterparts, as corroborated by the 
highest ATET value, followed by co�ee farms with RA + FT 
and RA certi�cation schemes. On the contrary, co�ee farms 
with RA + FT + Utz + CPr, RA + Utz + CPr, 4C, FT + CPr, 
and RA + FT + CPr schemes rank third. �e RA and FT 
programs have the highest number of criteria aimed at water 
management and conservation. �e third place is supported 
by the fact that they are mainly multicerti�cation schemes, 
which include all RA and FT programs. �e most adopted 
measure by the co�ee growers surveyed in this study (98%) 
was avoiding spraying near water bodies or storage during 
agrochemical application, followed by the conservation of 
protective strips around springs and water sources (57%). 
�is result is consistent with the �ndings of previous studies 
on organic certi�cation in Colombia (Ibañez & Blackman, 
2016) and with co�ee farming under voluntary sustainability 
standards (Caviedes et al., 2023).

�e measurement of DWTEI for certi�ed co�ee farms 
in comparison with their uncerti�ed counterparts yielded 
a counterfactual with statistically signi�cant di�erences for 
all certi�cation schemes (Table 4). �e index shows that 
the systems designed to treat wastewater on certi�ed co�ee 
farms have treatment units that provide greater e�ciency 
than those of uncerti�ed farms. �e co�ee farms with FT + 
CPr and CPr certi�cations evaluated in this study have the 
most e�cient treatment systems when compared with their 
noncerti�ed counterparts, resulting in higher removals and 
lower pollutant discharge. �e other certi�cation scheme 
that shows high e�ciency, with regard to its counterfactual, 
corresponds to Org, followed by the RA + FT and RA schemes. 
By contrast, the multicerti�cation schemes RA + FT + Utz + 

ATET - Average treatment e�ect on the treated; Std_Error - Standard error; Pr(>z) - P value; RA - Rainforest Alliance certi�ed; FT - Fairtrade Labelling Organizations International; 
Utz - UTZ certi�ed; Org - Organic; CPr - Co�ee practice; 4C - 4C certi�cation

Certification Mean ATET Std_Error z Pr (>|z|) 2.5%–97.5% 
With certification 0.34 0.05 0.01 6.68 <0.001 0.0343–0.0627 
Org 0.55 0.07 0.01 6.62 <0.001 0.0484–0.0892 
RA + FT 0.33 0.06 0.01 6.82 <0.001 0.0428–0.0773 
RA 0.33 0.06 0.01 6.86 <0.001 0.0425–0.0765 
4C 0.25 0.05 0.01 5.69 <0.001 0.0344–0.0705 
RA + FT + Utz + CPr 0.38 0.05 0.01 5.87 <0.001 0.0339–0.0679 
RA + Utz + CPr 0.35 0.05 0.01 5.71 <0.001 0.0318–0.0651 
FT + CPr 0.35 0.05 0.01 5.62 <0.001 0.0314–0.0650 
RA + FT + CPr 0.28 0.05 0.01 5.41 <0.001 0.0288–0.0616 
CPr 0.31 0.04 0.01 4.87 <0.001 0.0268–0.0629 
RA + CPr 0.33 0.04 0.01 4.09 <0.001 0.0212–0.0603 
FT 0.28 0.03 0.01 3.54 <0.001 0.0143–0.0498 
CPr + Utz 0.30 0.03 0.01 3.63 <0.001 0.0141–0.0474 

 

Table 3. Certi�cation schemes evaluated and compared on the basis of the values of the index of measures for the conservation 
of water bodies on co�ee farms
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CPr and RA + FT + CPr have DWTEI values below 50% of 
the higher values corresponding to FT + CPr and CPr.

Wet processing of co�ee produces a type of co�ee known 
as “washed co�ee,” which consumes high amounts of water 
in its di�erent stages. �us, new co�ee processing techniques 
aim to reduce the use of water resources during the process 
(Beyene et al., 2012; Alemayehu et al., 2020; Campos et al., 
2021). �e results of PSM showed signi�cant di�erences in 
IMAPBHC values among the groups or certi�cation schemes 
(Table 5). Farms with FT + CPr and CPr certi�cations have 
the lowest water consumption during wet processing of 
co�ee, followed by farms with Org certi�cation and those 
that adopted RA and RA + Utz + CPr certi�cation schemes. 
On the contrary, co�ee farms with multicerti�cation schemes 
RA + FT + Utz + CPr and RA + FT + CPr have the lowest 
WMIWPC values, indicating that farms with these programs 
are the highest consumers of water resources during wet 
processing.

�ese results are in accordance with the requirements 
established by the programs in their criteria, except for Org, 
which does not have a criterion with a direct requirement 
on water resources in the postharvest process. �e results 
indicate that the programs with the greatest positive in�uence 
on water resources are CPr, RA, and Org. In particular, the 
CPr program has the clearest level of demand because it 
establishes a limit ratio of 1:1 in the volume of water used 
to the volume of co�ee processed (Harris et al., 2017). On 
the contrary, RA requires the e�cient use of water resources 

during processing and restricts wastewater discharges (RA, 
2017). �e results of the studies that evaluated the Utz program 
in Colombia (García et al., 2014), the RA program (Hughell 
et al., 2013), and the Utz + RA scheme in Colombia, Costa 
Rica, and Guatemala (Grabs et al., 2016) were consistent with 
the reduction of water use during wet milling.

�e byproducts generated by wet processing of co�ee 
induce the highest pollutant load in all production stages 
(Camacho & Uribe, 2018; Ijanu et al., 2020; Gebreeyessus, 
2022). �e data obtained as a result of PSM indicate 
signi�cant di�erences in EQIWPC as a counterfactual of 
the management and treatment of the byproducts generated 
by wet processing of co�ee in the treatment or certi�cation 
groups (Table 6). ATET indicates that the co�ee farms 
generating the least environmental impact on water resources 
because of the management and treatment of the byproducts 
generated by wet processing of co�ee are certi�ed with FT 
+ CPr and only CPr with ATET 0.21 and 0.20, respectively. 
Farms with Org certi�cations, RA + CPr, and RA + Utz + CPr 
also present ATET with values indicating a lower negative 
impact because of discharges of byproducts generated during 
wet processing. On the contrary, multicerti�cation indicates 
a less positive impact compared with the other schemes.

�e ATET evaluated with regard to the impact of the 
byproducts generated during wet processing of co�ee has a 
direct relationship with the CPr program, which, within its 
compliance criteria that require the recording of the volumes 
and proportions of water used, as well as the management 

Table 4. Treatment e�ect on the treated based on the domestic wastewater treatment e�ciency index

Certification Mean ATET Std_Error z Pr(>|z) 2.5%–97.5% 
With certification 0.59 0.13 0.02 7.48 <0.001 0.0959–0.164 
FT + CPr 0.53 0.18 0.02 10.21 <0.001 0.1463–0.216 
CPr 0.50 0.18 0.02 8.44 <0.001 0.1344–0.216 
Org 0.55 0.16 0.02 6.98 <0.001 0.1182–0.211 
RA + FT 0.76 0.14 0.02 6.33 <0.001 0.0998–0.189 
RA 0.51 0.14 0.02 6.54 <0.001 0.0957–0.178 
RA + Utz + CPr 0.65 0.13 0.02 6.51 <0.001 0.0938–0.175 
CPr + Utz 0.61 0.12 0.02 5.58 <0.001 0.0793–0.165 
FT 0.57 0.12 0.02 6.09 <0.001 0.081–0.158 
RA + CPr 0.54 0.11 0.02 4.5 <0.001 0.0602–0.153 
4C 0.44 0.10 0.03 4.08 <0.001 0.0542–0.154 
RA + FT + Utz + CPr 0.86 0.09 0.02 4.11 <0.001 0.0486–0.137 
RA + FT + CPr 0.63 0.08 0.02 3.76 <0.001 0.0374–0.119 

 ATET - Average treatment e�ect on the treated; Std_Error - Standard error; Pr(>z) - P value; RA - Rainforest Alliance certi�ed; FT - Fairtrade Labelling Organizations International; 
Utz - UTZ certi�ed; Org - Organic; CPr - Co�ee practice; 4C - 4C certi�cation

ATET - Average treatment e�ect on the treated; Std_Error - Standard error; Pr(>z) - P value; RA - Rainforest Alliance certi�ed; FT - Fairtrade Labelling Organizations International; 
Utz - UTZ certi�ed; Org - Organic; CPr - Co�ee practice; 4C - 4C certi�cation

Certification Mean ATET Std_Error z Pr(>|z) 2.5%–97.5% 
With certification 0.83 0.21 0.02 11.7 <0.001 0.176–0.246 
FT + CPr 0.79 0.27 0.02 12.11 <0.001 0.2238–0.310 
CPr 0.76 0.27 0.02 10.78 <0.001 0.2168–0.313 
Org 0.88 0.26 0.02 11.4 <0.001 0.2186–0.309 
RA 0.78 0.24 0.02 11.02 <0.001 0.1978–0.283 
RA + Utz + CPr 0.84 0.24 0.02 11.47 <0.001 0.1991–0.281 
CPr + Utz 0.78 0.22 0.02 10.07 <0.001 0.1804–0.268 
RA + CPr 0.85 0.22 0.03 8.28 <0.001 0.1663–0.269 
FT 0.88 0.20 0.03 7.83 <0.001 0.1500–0.250 
4C 0.71 0.18 0.02 7.46 <0.001 0.1343–0.230 
RA + FT 0.88 0.17 0.02 7.3 <0.001 0.1248–0.216 
RA + FT + CPr 0.89 0.15 0.02 7.75 <0.001 0.1139–0.191 
RA + FT + Utz + CPr 0.87 0.11 0.02 5.55 <0.001 0.0694–0.145 

 

Table 5. Treatment e�ect on the treated based on the water management index during wet processing of co�ee
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of wastewater, aimed at causing negative impacts on the 
environment (Harris et al., 2023). Studies carried out in 
di�erent co�ee growing regions showed that co�ee processing 
in Colombia includes various technologies, but only 10% of 
these technologies are considered environmentally friendly 
(Aristizábal, 2005).

�e ATETs of the DWTEI, WMIWPC, and EQIWPC 
indices for each program or certi�cation scheme were added 
to quantify their impact on water resources (Table 7). IMCW 
was not included because adopting management measures is 
not considered an impact, but such measures are considered 
precursors of impact depending on the rigor of the measure’s 
application by co�ee growers.

As shown in Figure 2, the certi�cation of co�ee farms has 
a positive e�ect on water resources in all evaluated schemes. 
�e CPr + FT certi�cation scheme showed better management 
of byproducts, greater e�ciency and water savings during the 
process, and greater e�ciency in the treatment of wastewater 
from processing and domestic use, which would translate 
into discharges with a lower pollutant load to the soil or water 
sources, thereby reducing the risk of eutrophication to the 
ecosystem caused by high concentrations of N and P, as well 
as the level of dissolved oxygen caused by high discharges of 
organic matter and suspended solids, which can cause toxicity 

to aquatic biota and humans (Woldesenbet et al., 2014; Dori, 
2017; Said et al., 2023). �e second and third schemes that 
generate less impact are CPr and Org, respectively. However, 
the multicerti�cation scheme RA + FT + Utz + CPr showed 
the highest adverse impact among all the certi�cation 
schemes evaluated in this study, a�er being compared with its 
uncerti�ed counterparts and despite being the ��h scheme 
indicated to have a higher number of measures adopted 
compared with its uncerti�ed counterparts.

In Colombia, the norm that regulates the maximum 
discharge values (Resolution 631 of 2015 of the Ministry 
of Environment and Sustainable Development) presents 
broader values than the limits of regulations in countries 
such as Malaysia, India, Brazil, and even those established 
by the World Health Organization (Said et al., 2023). During 
processing, co�ee farming in the Huila region discharges an 
average of 337 g of COD and consumes 17.1 L of water for 
each kilogram of dpc, which is higher than the Colombian 
average (302 g of COD and 15.26 L for each kilogram of 
dpc) (Rodríguez-Valencia et al., 2022). However, the study 
region shows the prevalence of processing systems typi�ed 
as “ecological processing” because of their low water 
consumption (<10 L kg-1 of dpc and categorized from E1 to 
E8, with E8 being zero discharge) (Rodríguez et al., 2021). 
In addition, 80% of the processing facilities are classi�ed 
between E1 and E4 and 11% transition to ecological, and only 
7.6% of the farms in the study present structures and devices 
with zero discharges (E8). Nevertheless, they represent a 
higher amount than the national percentage, which is only 
1.5% (Sporchia et al., 2023).

According to Fernández et al. (2020), in the western region 
of the department, the process is traditionally developed by 
a high proportion of co�ee growers. However, it does not 
expose the segmentation of certi�ed and uncerti�ed farms. 
Studies conducted in Colombia and Ethiopia by Partzsch et 
al. (2021) comparing FT, RA, 4C, and Org programs showed 
that no program limits the amount of water to be used, 
regardless of the physical limits of water resources. However, 
they are demanding proper management of wastewater from 
processing, although they do not set requirements for its 
treatment. �erefore, such programs only represent selective 
improvements in certi�ed farms, and their results do not 
represent wide di�erences.

Table 6. Treatment e�ect on the treated based on the environmental quality index during wet processing of co�ee

Certification Mean ATET Std_Error z Pr(>|z|) 2.5%–97.5% 
With certification 0.76 0.16 0.01 10.5 <0.001 0.126–0.184 
FT + CPr 0.72 0.21 0.02 11.66 <0.001 0.1721–0.242 
CPr 0.72 0.20 0.02 9.58 <0.001 0.1585–0.240 
Org 0.81 0.18 0.02 9.14 <0.001 0.1384–0.214 
RA + CPr 0.81 0.17 0.02 7.93 <0.001 0.1289–0.214 
RA + Utz + CPr 0.76 0.17 0.02 9.86 <0.001 0.1363–0.204 
CPr + Utz 0.70 0.16 0.02 9.52 <0.001 0.1303–0.198 
RA 0.71 0.16 0.02 8.69 <0.001 0.1243–0.197 
4C 0.66 0.16 0.02 7.6 <0.001 0.1155–0.196 
FT 0.81 0.15 0.02 6.9 <0.001 0.1091–0.196 
RA + FT 0.82 0.12 0.02 5.85 <0.001 0.0784–0.157 
RA + FT + CPr 0.82 0.12 0.02 7.01 <0.001 0.0831–0.148 
RA + FT + Utz + CPr 0.79 0.07 0.02 4.25 <0.001 0.0377–0.102 

 ATET - Average treatment e�ect on the treated; Std_Error - Standard error; Pr(>z) - P value; RA - Rainforest Alliance certi�ed; FT - Fairtrade Labelling Organizations International; 
Utz - UTZ certi�ed; Org - Organic; CPr - Co�ee practice; 4C - 4C certi�cation

ATET - Average treatment e�ect on the treated; RA - Rainforest Alliance certi�ed; FT 
- Fairtrade Labelling Organizations International; Utz - UTZ certi�ed; Org - Organic; 
CPr - Co�ee practice; 4C - 4C certi�cation. DWTEI - Domestic wastewater treatment 
e�ciency index; WMIWPC - Water management index in the wet processing of co�ee; 
EQIWPC - Environmental quality index in the wet processing of co�ee

Certification 
ATET ATET 

Total DWTEI WMIWPC EQIWPC 

With certification 0.1300 0.2110 0.1550 0.4960 
FT + CPr 0.1811 0.2670 0.2070 0.6551 
CPr 0.1750 0.2650 0.1990 0.6390 
Org 0.1644 0.2640 0.1760 0.6044 
RA 0.1367 0.2410 0.1610 0.5387 
RA + Utz + CPr 0.1342 0.2400 0.1700 0.5442 
CPr + Utz 0.1222 0.2240 0.1640 0.5102 
RA + CPr 0.1067 0.2180 0.1710 0.4957 
FT 0.1194 0.2000 0.1520 0.4714 
4C 0.1043 0.1820 01560 0.4423 
RA + FT 0.1445 0.1710 0.1180 0.4335 
RA + FT + CPr 0.0783 0.1520 0.1150 0.3453 
RA + FT + Utz + CPr 0.0929 0.1070 0.0700 0.2699 

 

Table 7. Environmental impact of certi�ed co�ee farms on 
water resources
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E�cient water use, mainly for irrigation in countries such 
as Vietnam, Kenya, or Tanzania, does not show e�ects that are 
attributed to certi�cation (Van der Vossen et al., 2005; Ho et 
al., 2022). Globally, the water footprint per irrigation of co�ee 
cultivation ranges between 0.15 and 0.27 m3 eq L-1 of co�ee 
(Usva et al., 2020). However, in the south of the department 
of Huila, co�ee plantations are not irrigated (Leal & Tobón, 
2021; Agronet, 2022). �erefore, impact measurement was 
ruled out in this study, which projects Colombian co�ee as 
a more sustainable product with regard to water resource 
management because of the biogeographical conditions in 
which it is grown.

It is important for co�ee growers and environmental 
authorities to conduct studies on the �ow of the basin in 
relation to the frequency and volume of discharges from the 
production unit. Adopting a circular economy approach by 
implementing low-consumption and high-water-e�ciency 
devices in co�ee processing, which lead to zero discharges or 
e�cient and low-cost treatments, is essential to comply with 
environmental regulations and to reduce the impact of co�ee 
farming in the region (Matuk et al., 1998; Dadi et al., 2018; 
Alemayehu et al., 2020; Rodríguez-Valencia, 2023; Said et al., 
2023).

Conclusions

1. Certi�cation schemes promote the sustainability of co�ee 
farming in water resource management.

2. The effectiveness of the measures depends on the 
commitment of co�ee growers and the resources available for 
implementation.

3. Voluntary sustainability standards reduce water 
consumption and pollutant discharge.

4. �e e�ect of adopting certi�cation programs on water 
resource management is independent of the number of 
certi�cations held by the farm.

5. Multicerti�cation does not ensure the e�ectiveness of the 
measures applied for water resource management.

Contribution of authors: Diego Ivan Caviedes Rubio: 
methodology, research, data analysis and interpretation, 
drafting of the original manuscript, review and editing, 
project management and funding acquisition. Karla Catherine 
Andrade Vargas: research, literature review, formal analysis. 
Juan Manuel Andrade Navia: validation, research. Alfredo 
Olaya Amaya: supervision. Daniel Ricardo Delgado: data 
analysis and interpretation, review and editing.

Data availability statement: �e data analyzed and 
used to generate and support the �ndings in this article can 
be consulted via the following reference: Caviedes Rubio, 
Diego Ivan (2025), “Data for the study of the impact of 
the production of Colombian Certi�ed Co�ee on water,” 
Mendeley Data, V1, doi: 10.17632/t78cvr25ty.1

Con�icts of interest: �e authors declare that they 
have no known competing �nancial interests or personal 
relationships that could have appeared to in�uence the work 
reported in this paper.

Financing statement: �e project that gives rise to 
this product was �nanced by the National Committee for 
Research Development (CONADI).

Literature Cited

Agronet. Municipal agricultural evaluations. Areas, production, 

and national yield per crop. Ministry of Agriculture of the 

Republic of Colombia. Available on:<https://www.agronet.gov.

co/estadistica/Paginas/home.aspx?cod=3>. Accessed on: March 

2022.

Alemayehu, Y. A.; Asfaw, S. L.; Tir�e, T. A. Management options 

for co�ee processing wastewater. A review. Journal of Material 

Cycles and Waste Management,  v.22, p.454-469, 2020. https://

doi.org/10.1007/s10163-019-00953-y

Aristizábal, A. D. Caracterización del proceso de bene�cio de café 

en cinco departamentos cafeteros de Colombia. Cenicafé, v.56, 

p.299–318, 2005. http://hdl.handle.net/10778/208

Baser, O. Too much ado about propensity score models? Comparing 

methods of propensity score matching. Value in Health, v.9, p.377–

385, 2006. https://doi.org/10.1111/J.1524-4733.2006.00130.X

ATET - Average treatment e�ect on the treated; RA - Rainforest Alliance certi�ed; FT - Fairtrade Labelling Organizations International; Utz - UTZ certi�ed; Org - Organic; CPr - 
Co�ee practice; 4C - 4C certi�cation

Figure 2. Accumulated values of domestic wastewater treatment e�ciency index (DWTEI), water management index in the 
wet processing of co�ee (WMIWPC), and environmental quality index in the wet processing of co�ee (EQIWPC) to determine 
their impact on water resources of certi�ed co�ee farms

https://www.agronet.gov.co/estadistica/Paginas/home.aspx?cod=3
https://www.agronet.gov.co/estadistica/Paginas/home.aspx?cod=3
https://doi.org/10.1007/s10163-019-00953-y
https://doi.org/10.1007/s10163-019-00953-y
http://hdl.handle.net/10778/208
https://doi.org/10.1111/J.1524-4733.2006.00130.X


Diego I. Caviedes-Rubio et al.8/10

Rev. Bras. Eng. Agríc. Ambiental, v.30, n.3, e293275, 2026.

Beyene, A.; Kassahun, Y.; Addis, T.; Assefa, F.; Amsalu, A.; Legesse, 

W.; Kloos, H.; Triest, L. �e impact of traditional co�ee processing 

on river water quality in Ethiopia and the urgency of adopting 

sound environmental practices. Environmental Monitoring and 

Assessment, v.184, p.7053–7063, 2012. https://doi.org/10.1007/

s10661-011-2479-7 

Bosselmann, A. S.; Dons, K.; Oberthur, T.; Olsen, C. S.; Ræbild, 

A.; Usma, H. �e in�uence of shade trees on co�ee quality in 

small holder co�ee agroforestry systems in Southern Colombia. 

Agriculture, Ecosystems & Environment, v.129, p.253–260, 2009. 

https://doi.org/10.1016/j.agee.2008.09.004

Brand, M.; Betancourth, J.; Caviedes, D. I. Estado del conocimiento 

de la avifauna del Huila, Colombia: vacíos de información e 

investigaciones futuras. Ornitología Colombiana, v.20, p.37-54, 

2021. https://doi.org/10.59517/oc.e527

Byrareddy, V.; Kouadio, L.; Kath, J.; Mushtaq, S.; Ra�ei, V.; Scobie, 

M.; Stone, R. Win-win: Improved irrigation management saves 

water and increases yield for robusta co�ee farms in Vietnam. 

Agricultural Water Management, v.241, e106350, 2020. https://

doi.org/10.1016/J.AGWAT.2020.106350

Camacho, W. A.; Uribe, D. A. Estimación de la huella hídrica 

azul y verde de la producción cafetera en ocho cuencas en 

el sur del departamento del Huila.  Revista de Investigación 

Agraria y Ambiental,  v.9, p.338-354, 2018. https://doi.

org/10.22490/21456453.2284

Campos, R. C.; Pinto, V. R. A.; Melo, L. F.; Rocha, S. J.; S. S. da, Coimbra, 

J. S. New sustainable perspectives for “Co�ee Wastewater” and 

other by-products: A critical review. Future Foods, v.4, e100058, 

2021. https://doi.org/10.1016/J.FUFO.2021.100058

Caviedes, D. I.; Delgado, D. R.; Olaya, A. Environmental impacts 

of certi�cation programmes at Colombian co�ee plantations. 

Economía Agraria y Recursos Naturales, v.23, p.1-19, 2023. 

https://doi.org/10.7201/earn.2023.02.02

CENICAFÉ - Centro Nacional de Investigaciones de Café (ed.). 

Aplicación de ciencia tecnología e innovación en el cultivo del 

café ajustado a las condiciones particulares del Huila: v.1. 2015-

2019. Huila, 2019. 119 p. https://doi.org/10.38141/cenbook-0005 

Dadi, D.; Mengistie, E.; Terefe, G.; Getahun, T.; Haddis, A.; Birke, W.; 

Beyene, A.; Luis, P.; van der Bruggen, B. Assessment of the e�uent 

quality of wet co�ee processing wastewater and its in�uence on 

downstream water quality. Ecohydrology & Hydrobiology, v.18, 

p.201–211, 2018. https://doi.org/10.1016/J.ECOHYD.2017.10.007

DANE - Departamento Adminstrativo Nacional de Estadistica. 

Guía para diseño, construcción e interpretación de 

indicadores.  Estrategia para el fortalecimiento estadístico 

territorial. Bogotá, 2013, 42p. 

Desai, N. M.; Varun, E.; Patil, S.; Pimpley, V.; Murthy, P. Environment 

pollutants during coffee processing and Its valorization. In: 

Hussain, C. (ed.). Handbook of environmental materials 

management. Berlin: Springer. 2020. Cap.43, p.1-13. https://doi-

org.bbibliogra�cas.ucc.edu.co/10.1007/978-3-319-58538-3_209-1

Dietz, T.; Chong, A. E.; Grabs, J.; Kilian, B. How E�ective is 

multiple certi�cations in improving the economic conditions 

of smallholder farmers? Evidence from an impact evaluation 

in Colombia’s co�ee belt. �e Journal of Development Studies, 

v.56, p.1141–1160. 2020. https://doi.org/10.1080/00220388.201

9.1632433

Dori, T. Economical and environmental impact of selected wet coffee 

processing industry in Gedeo zone, South Ethiopia. Journal of 

Environmental Engineering and Science, v.8, p.54-58, 2017. 

Estrella, A.; Navichoc, D.; Kilian, B.; Dietz, T. Impact pathways 

of voluntary sustainability standards on smallholder coffee 

producers in Honduras: Price premiums, farm productivity, 

production costs, access to credit. World Development 

Perspectives, v.27, e100435, 2022. https://doi.org/10.1016/J.

WDP.2022.100435

FAIRTRAD -. Fairtrade Labelling Organizations International. 

Fairtrade standard for small scale producer organizations. 

Bonn, 2019. 112p. 

FAO y UPM. Metodología para el monitoreo y evaluación de 

buenas prácticas en agricultura para la adaptación al cambio 

climático y la gestión integral del riesgo de desastres. Panamá, 

2021, 94p. https://doi.org/10.4060/cb4486es

Fernández, Y.; Sotto, K. D.; Vargas, L. A. Impactos ambientales de 

la producción del café, y el aprovechamiento sustentable de los 

residuos generados. Producción + Limpia, v.15, p.93-110, 2020. 

https://doi.org/10.22507/pml.v15n1a7 

Galindo, L. A.; Constantino, L. M.; Benavides, M. P.; Montoya, 

E. C.; Rodríguez, V. N. Evaluación de macroinvertebrados 

acuáticos y calidad de agua en quebradas de fincas cafeteras de 

Cundinamarca y Santander Colombia. Cenicafé, v.63, p.70–92, 

2012.

García, J.; Ochoa, G.; Mora, J. C.; Castellanos, J. F. Evaluación de 

impacto del programa UTZ certified en Colombia (2008-2012). 

Manizales: Cenicafé, 2014. 78p. 

Gebreeyessus, G. D. Towards the sustainable and circular 

bioeconomy: Insights on spent coffee grounds valorization. 

Science of the Total Environment, v.833, e155113, 2022. https://

doi.org/10.1016/J.SCITOTENV.2022.15511

Grabs, J.; Kilian, B.; Hernández, D. C; Dietz, T. Understanding 

coffee certification dynamics: A spatial analysis of voluntary 

sustainability standard proliferation.  International Food and 

Agribusiness Management Review, v.19, p.1-18, 2016. https://

doi.org/10.22004/ag.econ.24466

Harris, E.; Starbucks Coffee Company - C.A.F.E. Practices - Tarjeta 

de puntuación para pequeños productores, Conservation 

International. United States of America. 2017. Available on: < 

https://policycommons.net/artifacts/2365401/starbucks-coffee-

company-cafe/3386357/ >. Accessed on: Dec. 2023. 

Ho, T. Q.; Hoang, V. N.; Wilson, C. Sustainability certification and water 

efficiency in coffee farming: The role of irrigation technologies. 

Resources, Conservation and Recycling, v.180, e106175, 2022. 

https://doi.org/10.1016/J.RESCONREC.2022.106175

Hughell, D.; Newson, D. Impacts of rainforest alliance certification 

on coffee farm in Colombia. Rainforest Alliance, 2013. Available 

on: < https://www.rainforest-alliance.org/resource-item/

cenicafe-report-impact-study/ >. Accessed on: Dec. 2024

Ibañez, M.; Blackman, A. Is Eco-Certification a win–win for 

developing country agriculture? organic coffee certification in 

Colombia. World Development, v.82, p.14–27, 2016. https://doi.

org/10.1016/J.WORLDDEV.2016.01.004

ICO (International Coffee Organization). Estadísticas del comercio. 

Datos Históricos. 2024. Available on: < https://www.ico.org/ES/

trade_statisticsc.asp >. Accessed on: April. 2025.

https://doi.org/10.1007/s10661-011-2479-7
https://doi.org/10.1007/s10661-011-2479-7
https://doi.org/10.1016/j.agee.2008.09.004
https://doi.org/10.59517/oc.e527
https://doi.org/10.1016/J.AGWAT.2020.106350
https://doi.org/10.1016/J.AGWAT.2020.106350
https://doi.org/10.22490/21456453.2284
https://doi.org/10.22490/21456453.2284
https://doi.org/10.1016/J.FUFO.2021.100058
https://doi.org/10.7201/earn.2023.02.02
https://doi.org/10.38141/cenbook-0005
https://doi.org/10.1016/J.ECOHYD.2017.10.007
https://doi-org.bbibliograficas.ucc.edu.co/10.1007/978-3-319-58538-3_209-1
https://doi-org.bbibliograficas.ucc.edu.co/10.1007/978-3-319-58538-3_209-1
https://doi.org/10.1080/00220388.2019.1632433
https://doi.org/10.1080/00220388.2019.1632433
https://doi.org/10.1016/J.WDP.2022.100435
https://doi.org/10.1016/J.WDP.2022.100435
https://doi.org/10.4060/cb4486es
https://doi.org/10.22507/pml.v15n1a7
https://doi.org/10.1016/J.SCITOTENV.2022.15511
https://doi.org/10.1016/J.SCITOTENV.2022.15511
https://doi.org/10.22004/ag.econ.24466
https://doi.org/10.22004/ag.econ.24466
https://policycommons.net/artifacts/2365401/starbucks-coffee-company-cafe/3386357/
https://policycommons.net/artifacts/2365401/starbucks-coffee-company-cafe/3386357/
https://doi.org/10.1016/J.RESCONREC.2022.106175
https://www.rainforest-alliance.org/resource-item/cenicafe-report-impact-study/
https://www.rainforest-alliance.org/resource-item/cenicafe-report-impact-study/
https://doi.org/10.1016/J.WORLDDEV.2016.01.004
https://doi.org/10.1016/J.WORLDDEV.2016.01.004
https://www.ico.org/ES/trade_statisticsc.asp
https://www.ico.org/ES/trade_statisticsc.asp


Impact of co�ee farm certi�cations on water quality conservation in southern Colombia 9/10

Rev. Bras. Eng. Agríc. Ambiental, v.30, n.3, e293275, 2026.

Ijanu, E. M.; Kamaruddin, M. A.; Norashiddin, F. A.  Co�ee 

processing wastewater treatment: a critical review on current 

treatment technologies with a proposed alternative.  Applied 

Water Science, v.10, p.1-11. 2020.

JAS - Japanese Agricultural Standard for Organic No. 1605. 2005. 

Public Notice of the Ministry of Agriculture, Forestry and Fisheries 

No. 1605 of October 27, 2005. Products of Plant Origin. Available 

on: < https://www.ma�.go.jp/e/policies/standard/speci�c/attach/

pdf/organic_JAS-75.pdf >. Accessed on: Nov. 2024.

Jha, S.; Bacon, C.; Philpott, S.; Méndez, E.; Laderach, P.; y Rice, R. 

Shade Co�ee: Update on a disappearing refuge for biodiversity. 

BioScience, v.64, p.416-428, 2014. https://doi.org/10.1093/

biosci/biu038

Lansing, S.; Botero, R. B.; Martin, J. F. Waste treatment and biogas 

quality in small-scale agricultural digesters. Bioresource 

Technology, v.99, p.5881–5890, 2008. https://doi.org/10.1016/J.

BIORTECH.2007.09.090

Leal, J. C.; Tobón, C. �e water footprint of co�ee production in 

Colombia. Revista Facultad Nacional de Agronomía, v.74, 

p.9685-9697, 2021. https://doi.org/10.15446/rfnam.v74n3.91461 

Malacatus, P.; Chamorro, E.; Orellana, G. Análisis de e�ciencia de 

remoción de contaminantes de los sistemas de tratamiento de 

aguas residuales en extracción de aceite de palma.  FIGEMPA: 

Investigación y Desarrollo,  v.2, p.61-68, 2016. https://doi.

org/10.29166/rev�g.v1i2.888

Matuk, V.; Puerta, G. I.; Rodríguez, N. Impacto biológico de los 

e�uentes del bene�cio húmedo de café. Cenicafé, v.48, p.234-

252. 1998 

MDE - Ministerio de Desarrollo Económico: Dirección de Agua 

Potable y Saneamiento. Reglamento Técnico del Sector de Agua 

Potable y Saneamiento Básico RAS - 2000. Sección II- Titulo E 

Tratamiento de aguas residuales. 2002. 144p.

Milder, J.; Newsen, D. Evaluating the e�ects of the SAN/Rainforest 

alliance certi�cation system on farms, people, and the environment. 

Amsterdan: Rainforest Alliance, 2015. 124p.

Olson, D. M. E.; Dinerstein, E. D.; Wikramanayake, N. D.; Burgess, 

G. V. N.; Powell, E. C.; Underwood, J. A.; D’amico, I.; Itoua, H. E.; 

Strand, J. C.; Morrison, C. J.; Loucks, T. F.; Allnutt, T. H.; Ricketts, 

Y.; Kura, J. F.; Lamoreux, W. W.; Wettengel, P.; Hedao, K. R. K. 

Terrestrial ecoregions of the world: A new map of life on earth. 

BioScience, v.51, p.933-938, 2001. https://doi.org/10.1641/0006-

3568(2001)051[0933:TEOTWA]2.0.CO;2

Partzsch, L.; Hartung, K.; Lümmen, J.; Zickgraf, C. Water in your 

coffee? Accelerating SDG 6 through voluntary certification 

programs. Journal of Cleaner Production, v.324, e129252, 2021. 

https://doi.org/10.1016/J.JCLEPRO.2021.129252

Pham, Y.; Reardon-Smith, K.; Mushtaq, S. �e impact of climate 

change and variability on coffee production: a systematic 

review.  Climatic Change, v.156, p.609–630, 2019. https://doi.

org/10.1007/s10584-019-02538-y 

Pin, B. V. da R.; Barros, R. M.; Lora, E. E. S.; Olmo, O. del A.; Santos, 

I. F. dos S.; Ribeiro, E. M.; Rocha, J. V. de F. Energetic use of biogas 

from the anaerobic digestion of co�ee wastewater in southern 

Minas Gerais, Brazil. Renewable Energy, v.146, p.2084–2094. 2020. 

https://doi.org/10.1016/J.RENENE.2019.08.004

RA - Rainforest Alliance. Rainforest alliance sustainable agriculture 

standard 2017, Version 1.2. Available on: < https://www.

rainforest-alliance.org/wp-content/uploads/2022/02/whats-new-

version-1.2-standard.pdf >. Accessed: Mar. 2024.

Rodríguez, N. Determinación experimental de la huella hídrica (HH) 

del café de colombia. Memorias Seminario Cientí�co Cenicafé, v.71, 

e71135, 2020. https://doi.org/10.38141/10795/71135

Rodríguez, N.; Castañeda, S. A.; Osorio, A. F.; Quintero, L. 

Dispositivos para el óptimo funcionamiento hidráulico de 

sistemas modulares de tratamiento anaerobio. Boletín Técnico 

Cenicafé, v.42, p.1–46, 2019. https://doi.org/10.38141/10781/042

Rodríguez, N.; Quintero, L.; Castañeda, S. A. Tecnología de �ltros 

verdes para el manejo, tratamiento y cero descargas de las aguas 

residuales de la �nca cafetera. Manizales: Cenicafé, 2022. 241p. 

https://doi.org/10.38141/cenbook-0029

Rodríguez, N.; Sanz, J.; Oliveros, C.; Ramírez, C. Bene�cio del café 

en Colombia. Manizales: Cenicafé, 2015. 37p.

Rodríguez, N.; Sanz, J.; Ramírez, C.; Quintero, L.; Tibaduiza, C. 

Tipi�cación del bene�cio del café en Colombia, relación con el 

consumo de agua, generación de vertimientos y huellas hídricas 

azul y gris. Boletín Técnico Cenicafé, v.46, 40p., 2021.

Rodríguez, N.; Yepes, L. V. Q.; Ocampo, A. F. O.; Castañeda, S. A.; 

de Miguel García, A.; Harmsen, J.; Ayala, L. M. Tecnologías 

apropiadas para el tratamiento de aguas en �ncas cafeteras. 

Manizales: APC Columbia, 2018. 182p.

Rodríguez-Valencia, N. Aplicación de la bioeconomía circular en 

el proceso de bene�cio de café con cero residuos: Manizales: 

Cenicafé, 2023. 146p. https://doi.org/10.38141/cenbook-0032

Rodríguez-Valencia, N.; Duque-Orrego, H.; Jaramillo-Cardona, C. 

M.; Quintero-Yepes, L. Adopción del bene�cio ecológico del 

café en Colombia.  Avances Técnicos Cenicafé,  v.543, p.1-12. 

2022. https://doi.org/10.38141/10779/0543

Ruben, R.; Fort, R. �e Impact of FairTrade Certi�cation for Co�ee 

Farmers in Peru. World Development, v.40, p.570-582, 2012. 

https://doi.org/10.1016/j.worlddev.2011.07.030 

Rueda, X.; �omas, N. y Lambin, E. Eco-certi�cation and co�ee 

cultivation enhance tree cover and forest connectivity in the 

Colombian co�ee landscapes. Regional Environmental Change, 

v.15, p.25-3, 2015.

Said, N. S. M.; Abdullah, S. R. S.; Ismail, N.; Hasan, H. A. I.; Othman, 

A. R. Integrating treatment processes of co�ee processing mill 

e�uent for reclamation of secondary resources. Journal of Cleaner 

Production, v.386, e135837, 2023. https://doi.org/10.1016/J.

JCLEPRO.2022.135837

Sánchez, I. A.; Matsumoto, T. Monitoramento de 24 horas do 

desempenho de reator aeróbio de leito �uidizado trifásico na 

remoção de amônio num sistema de recirculação para produção 

de tilápia.  Revista Colombiana de Ciencias Pecuarias,  v.24, 

p.263–271, 2016. https://doi.org/10.17533/udea.rccp.324682

Sánchez, J.; Acosta, G. Pitalito Atlas Ambiental y de la Biodiversidad. 

Alcaldia Municipal de Pitalito. Pitalito: Huila, 2015. 204p.

Sengupta, B.; Priyadarshinee, R.; Roy, A.; Banerjee, A.; Malaviya, 

A.; Singha, S.; Mandal, T.; Kumar, A. Toward sustainable and 

eco-friendly production of co�ee: abatement of wastewater and 

evaluation of its potential valorization. Clean Technologies and 

Environmental Policy, v. 22, p.995-1014, 2020.

Sporchia, F.; Caro, D.; Bruno, M.; Patrizi, N.; Marchettini, N; Pulselli, 

F. M. Estimating the impact on water scarcity due to co�ee 

production, trade, and consumption worldwide and a focus on 

EU. Journal of Environmental Management, v.327, e116881, 

2023. https://doi.org/10.1016/J.JENVMAN.2022.116881

https://www.maff.go.jp/e/policies/standard/specific/attach/pdf/organic_JAS-75.pdf
https://www.maff.go.jp/e/policies/standard/specific/attach/pdf/organic_JAS-75.pdf
https://doi.org/10.1093/biosci/biu038
https://doi.org/10.1093/biosci/biu038
https://doi.org/10.1016/J.BIORTECH.2007.09.090
https://doi.org/10.1016/J.BIORTECH.2007.09.090
https://doi.org/10.15446/rfnam.v74n3.91461
https://doi.org/10.29166/revfig.v1i2.888
https://doi.org/10.29166/revfig.v1i2.888
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1016/J.JCLEPRO.2021.129252
https://doi.org/10.1007/s10584-019-02538-y
https://doi.org/10.1007/s10584-019-02538-y
https://doi.org/10.1016/J.RENENE.2019.08.004
https://www.rainforest-alliance.org/wp-content/uploads/2022/02/whats-new-version-1.2-standard.pdf
https://www.rainforest-alliance.org/wp-content/uploads/2022/02/whats-new-version-1.2-standard.pdf
https://www.rainforest-alliance.org/wp-content/uploads/2022/02/whats-new-version-1.2-standard.pdf
https://doi.org/10.38141/10795/71135
https://doi.org/10.38141/10781/042
https://doi.org/10.38141/cenbook-0029
https://doi.org/10.38141/cenbook-0032
https://doi.org/10.38141/10779/0543
https://doi.org/10.1016/j.worlddev.2011.07.030
https://doi.org/10.1016/J.JCLEPRO.2022.135837
https://doi.org/10.1016/J.JCLEPRO.2022.135837
https://doi.org/10.17533/udea.rccp.324682
https://doi.org/10.1016/J.JENVMAN.2022.116881


Diego I. Caviedes-Rubio et al.10/10

Rev. Bras. Eng. Agríc. Ambiental, v.30, n.3, e293275, 2026.

Suárez, A. E.; Gutiérrez, I.; Ortiz, F.; Ordoñez, C.; Suárez, J. C.; Casanoves, 

F. Dimensions of social and political capital in interventions to 

improve household well-being: Implications for co�ee-growing areas 

in southern Colombia. PLoS ONE, v.16, e0245971, 2021. https://doi.

org/10.1371/journal.pone.0245971

Tejeda-Benítez, L.; Noguera, K.; Aga, D.; Olivero-Verbel, J. Pesticides in 

sediments from Magdalena River, Colombia, are linked to reproductive 

toxicity on Caenorhabditis elegans. Chemosphere, v.339, e139602, 

2023. https://doi.org/10.1016/J.CHEMOSPHERE.2023.139602

Tejeda-Benitez, L.; Olivero-Verbel, J. Caenorhabditis elegans, a biological 

model for research in toxicology. In: de Voogt, W. (ed.). Reviews of 

environmental contamination and toxicology, v.237. Berlin: Springer, 

2016, p.1-35. https://doi.org/10.1007/978-3-319-23573-8_1 

Tscharntke, T.; Milder, J. C.; Schroth, G.; Clough, Y.; DeClerck, 

F.; Waldron, A.; Ghazoul, J. Conserving biodiversity through 

certi�cation of tropical agroforestry crops at local and landscape 

scales. Conservation Letters, v.8, p.14-23, 2015. https://doi.

org/10.1111/conl.12110 

USDA - United States Department of Agricuiture. American Organic 

Regulations (2018). USDA organic standards 7 CFR 205. Available 

on: <https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/

subchapter-M/part-205> Accessed on: Oct. 2024.

Usva, K.; Sinkko, T.; Silvenius, F.; Riipi, I.; Heusala, H. Carbon 

and water footprint of coffee consumed in Finland—life 

cycle assessment.  The International Journal of Life Cycle 

Assessment,  v.25, p.1976-1990, 2020. https://doi.org/10.1007/

s11367-020-01799-5

UTZ. UTZ Certi�ed (2017). Código de Conducta - lista de veri�cación 

para certi�cación individual - Versión 1.1. Available on: <http://

www.utzcerti�ed.org/>. Accessed on: Oct. 2024.

Valbuena-Calderón, O. E.; Rodríguez-Pérez, W.; y Suárez, J. C. 

Calidad de suelos bajo dos esquemas de manejo en fincas 

cafeteras del sur de Colombia. Agronomía Mesoamericana, 

v.28,  n.1,  p.131–141,  2017.  https://doi.org/10.15517/

am.v28i1.21092

Van der Vossen, H. A. Critical analysis of the agronomic and economic 

sustainability of organic coffee production. Experimental 

Agriculture, v.41, p.449-473, 2005. https://doi.org/10.1017/

S0014479705002863

Woldesenbet, A. G.; Woldeyes, B.; Chandravanshi, B. S. Characteristics 

of wet co�ee processing waste and its environmental impact in 

Ethiopia. International Journal of Research in Engineering and 

Science, v.2, p.1-5, 2014.

https://doi.org/10.1371/journal.pone.0245971
https://doi.org/10.1371/journal.pone.0245971
https://doi.org/10.1016/J.CHEMOSPHERE.2023.139602
https://doi.org/10.1007/978-3-319-23573-8_1
https://doi.org/10.1111/conl.12110
https://doi.org/10.1111/conl.12110
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://doi.org/10.1007/s11367-020-01799-5
https://doi.org/10.1007/s11367-020-01799-5
http://www.utzcertified.org/
https://doi.org/10.15517/am.v28i1.21092
https://doi.org/10.15517/am.v28i1.21092
https://doi.org/10.1017/S0014479705002863
https://doi.org/10.1017/S0014479705002863

