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ABSTRACT

Implementing water alternatives to ensure its supply is crucial in a worldwide context where water
scarcity is a daily problem that is anticipated to intensify in the upcoming years. In this context,
reclaimed water has proved to be a viable option for ensuring water availability for such a water-
demanding and critical sector as agriculture is. Nevertheless, its use is too often seen as a last-resource
alternative desired mainly by farmers facing water scarcity or a lack of water alternatives. Despite the
pressing need to look for reasons that justify the profitability of its implementation over other water
alternatives, and in light of there being gap research when analyzing all the benefits of using reclaimed
water from a holistic economic approach, the overall objective of this study is to evaluate the economic
impact generated by the use of tertiary water in agriculture to irrigate crops. To reach this ambitious
objective, the economic value of a large list of positive externalities derived from the implementation
of reclaimed water in agriculture is going to be calculated. Some of the aspects that are going to be
evaluated are: its fertilizer value affecting crop productivity, soil quality and plant growth and its
capacity of being a source of organic carbon. Furthermore, these others relevant aspects that too often
go unnoticed due to the difficulty in their measurement are going to be evaluated: its contribution to
protect water bodies and promote water resources quality and recovery, its capacity of enhancing and
boosting marine ecosystem services and its leverage effect in promoting agriculture in new areas and
in fostering different crop varieties in other areas where, because of salinity levels or water scarcity,
only some crop varieties may be grown. Results will show through economic data and results the urge
of implementing reclaimed water in agriculture worldwide.

Keywords: water reuse, reclaimed water, sustainability, circular economy, agricultural water
contamination, wastewater management.

1 INTRODUCTION
Even distribution of a finite resource like water is today a serious concern, given that over
4 billion people experience severe water scarcity for at least a month each year [1], [2]. In
light of this, agriculture’s importance should be highlighted, as it is the world’s largest water
consumer, consuming up to 90% of total water supplies in some areas and predicted to worsen
in many others [3]-[7]. Agriculture is also critical in terms of climate change, which is one
of the greatest threats to both humans and the environment, because, in addition to its high
vulnerability due to extreme and unpredictable weather conditions that exacerbate water
scarcity, agriculture contributes up to 14% of global greenhouse gas emissions. [8]-[12].
Considering this, and because of the natural relationship between water and land use,
agriculture plays a critical part in the worldwide job of ensuring sustainable water supply
[13]-[16]. The quest for the implementation of a successful, long-lasting, and sustainable
water source to irrigate crops is critical to agriculture satisfying the need of an ever-growing
population [17]. This irrigation option should also be capable of ensuring economic,
environmental, and social development [18]. To combat this alarming scenario, tertiary water
use has been bolstered in recent decades, and even more so in recent years, as it is a resource
that, in addition to being apparently inexpensive, helps to preserve important water supplies
when utilized for irrigation [19], [20]. Another aspect of using treated wastewater to irrigate
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crops in agriculture that merits special attention due to its importance and potential is its
contribution to the circular economy (CE), as the treatment process facilitates the
transformation of wastewater from waste to resource through reuse and recycling. [21], [22].
Even though it is becoming more frequently used due to its well-documented environmental,
social, and economic benefits, reclaimed water irrigation is still at a low level due to a lack
of social acceptance [23]-[25].

2 AREA OF STUDY
Because of its representativeness, the current study was conducted in the province of
Almeria, which is a Mediterranean region in southeastern Spain. This area, shown in Fig. 1,
is a semi-arid terrain with significant solar radiation due to its low annual rainfall of less than
200m and a mean annual temperature of 18°C [26]. Furthermore, irrigation water availability
influences productivity and is one of the key limiting factors in one of Europe’s driest regions
[27], [28]. This region is well-known for its important agricultural role, having the world’s
highest concentration of greenhouses and being the largest exporter of fruits and vegetables
in the European Union [29]-[32]. Due to localized irrigation, automated fertigation, and the
use of tensiometers, the system used to irrigate crops in the region has undergone a significant
upgrade in recent years, all of which have improved the efficiency of the water in the area
[30]. Irrigated regions are split geographically into irrigation villages, each of which has its
own water source. This semi-arid region needs special attention since its case study can be
applied to other countries in comparable situations, particularly those with arid and semi-arid
climates and water resource constraints [33]—[37]. The province is divided into six primary
sub-areas, two of which hold more than 77% of the province’s greenhouse gas concentration
[38]. These two areas, Campo de Dalias and Bajo Andarax (which includes Almeria City),
are crucial to this research because in Campo de Dalias tertiary water is not used for irrigation
because the main water resource is groundwater, whereas in Bajo Andarax, treated

Campo de Dalias
Bajo Andarax

City of Almeria

Figure 1: Area of study.
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wastewater has been used for irrigation since 1997 [39]. These singularities make the area
ideal for a comparison of the consequences of using reclaimed water for more than 20 years
with others where it has never been used before.

After previous analyses in many geographical points, two farm plots with very similar soil
structure, nearly identical level of precipitation and average temperatures have been chosen
for this research. These two chosen farm plots are not adjacent because water filtration of
both water sources may bias the results of the aspects analyzed.

3 METHODOLOGY
All the benefits of using reclaimed water are going to be analyzed from a holistic economic
approach with the main objective of evaluating the direct and indirect economic impact
generated by the use of tertiary water in agriculture to irrigate crops.
The following aspects are going to be measured through different methodologies
individually adapted for each one:

e  Fertilizer capability: Soil levels of potassium (K), nitrogen (N) and phosphorus (P) are
going to be analyzed in both samples. Results are going to be evaluated monetarily with
the difference in terms of euros spent in fertilizer to reach ideal levels for crops growth
by a non-user of reclaimed water farmer compared with a reclaimed water user since a
great part of these costs are avoided by reclaimed water users because of the fertilizer
capability of this water resource.

e  Crop productivity: Kilograms of production per hectare are going to be measured in the
same period of the year during 8 weeks within open season. In both farms is grown the
same crop variety under same irrigation conditions in terms of quantity of water used to
irrigate. Then, medium prices at which the product grown have been sold during crop
season are going to be used to know in economic terms how differences in crop
productivity influences farmers’ profits.

e Soil quality: Two analyses in each farm are going to be carried out to evaluate the soil
quality (macro and micronutrients and soil microbial communities) after being exposed
during a long period of time to different water sources. The economic value will be
measured using the results of the reclaimed water farm analyses and calculating how
much would it cost to buy everything needed to reach the same levels for the other plot.

e Plant growth: Volumes and mass from plants grown from the same variety of seeds are
going to be measured. Formation of new structures such as cells, organs or tissues are
also going to be considered. Last but not least, plant development (directly related to cell
and tissue specialization) and reproduction (understood as the production of new
individuals) are also going to be taken into account. The economic value will be
measured using the results of the reclaimed water farm analyses and calculating how
much would it cost to reach same plant growth levels for the other plot.

e Source of organic matter: It is a viable and valuable source of organic carbon for soils
because it provides energy to join soil particles into aggregates, promoting plant growth
and enhancing soil stability. Furthermore, the organic matter also increases the good
acration of the soil and water infiltration which may not only reduce, but also even
prevent a flood in the farm in case a heavy rainfall happens. Samples from both farm
plots are going to be analyzed and differences between them in terms of organic matter
are going to be economically measured using the market price of organic matter.

e Contribution to protect water bodies and capacity of enhancing and boosting marine
ecosystem services: These two positive aspects derived from the use of reclaimed water
in agriculture are inextricably linked. Treating wastewater and channeling it into new
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water resources avoid sea dumping thus protecting water bodies and marine ecosystem
services by reducing the amount of pollutants spilled into the sea that pollutes the
underwater flora and fauna. Furthermore, as the use of reclaimed water reduces the use
of fertilizers, water pollution caused by fertilizers would also be reduced. Methodologies
used will be:

o  Chromophoric dissolved organic matter (CDOM) monitoring: As while it is being
discomposing it releases tannin which reduces the pH of the water and depletes the
oxygen levels.

o Conductivity, salinity and total dissolved solids (TDS) monitoring to see if levels
may jeopardize marine ecosystem services.

o Chlorophyll fluorescence analysis: As phosphorus and nitrogen (both fertilizers
used in agriculture) may lead into an uncontrolled growth of algae which results in
oxygen depletion at levels that may be toxic to the fauna and flora.

o Biochemical oxygen demand test to see how much sewage is found in the water by
counting decomposer bacteria in the water.

Using a sample of water from an area where wastewater is dumped, the economic

evaluation will be done calculating the cost of cleaning and purifying the water analyzed

artificially until reaching same levels as in the non-polluted water sample.

e Promote water resources quality and recovery: When wastewater is properly treated and
used for the irrigation of agricultural crops it enhances water bodies recovery since using
reclaimed water means that pressure put under already overexploited wells or aquifers
will be reduced so there will be a higher chance of its regeneration. Furthermore,
reclaimed water will help in the improvement of the quality of water resources since
reducing the level of water extraction would reduce salinity and conductivity. As if local
wells or aquifers had enough quantity of quality water transfers from other water
alternatives would not be necessary, using reclaimed water would avoid the cost of
distribution channels from other locations and the energy cost so this is how the
economic value of the reclaimed water in promoting water resources quality and
recovery will be calculated.

e Promoting agriculture: The area of study, where agriculture has an important value in
terms of the contribution to the total revenues will be compared with another
geographical location with very similar area (km?), soil structure and climatic conditions
(temperature, humidity, and rainfall) but with a high scarcity of water resources which
impede the implementation of the agricultural sector. Then, the economic value
generated in the area by the agriculture sector using reclaimed water to irrigate crops
would be compared with the scenario without tertiary water.

e Escherichia coli control: Since wastewater is a possible source of some bacteria as
Escherichia coli, different concentrations of this bacteria are going to be measured in
samples of treated wastewater with the minimum conditions required by European
legislation for sea dumping and treated wastewater after minimum conditions needed for
its use to irrigate agricultural crops. Differences in the cost of the two treatments are
going to be used to see how the farmer ends up bearing the total cost of a process that if
it was not done for irrigation of his crops should be covered by the government to comply
with the regulations.

Furthermore, for this research reclaimed water samples will be compared with different
of surface water samples from rivers which are surrounded by industries, and which are used
to irrigate adjacent crops.
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4 HIGHLY PREDICTABLE RESULTS

Although this study is getting going and the time to fully carry out the research will take
years in order to guarantee different sampling periods under different weather conditions to
avoid a bias in the results, using already existing research about some of the parameters here
studied some results may be predicted with some certainty. Reclaimed water capacity of
being a source of organic matter (OM) is expected to almost triple the initial samples
parameters after being irrigated with reclaimed water while values of soil samples after being
irrigated with well water are predicted to remain stable without relevant variations or even
certain decreases in the OM concentration [40]-[42]. Conversely, another of the many
benefits derived from the implementation of tertiary water to irrigate crops directly that is
expected to be shown in this study is a great increase in the growth of the crops, which affects
the growing process potentiating the growth in the yields of some crop varieties up to 61%
[43]. Productivity also goes through relevant variations since the implementation of
reclaimed water to irrigate crops may double crop production in terms of kilograms produced
by the same crop variety during the same period and under same external conditions [44],
[45]. Last but not least, important reductions in the use of fertilizers are expected since
previous research in the area of study proved a decrease in amount of nitrogen (N) needed up
to 60%, in the amount of phosphorus (P) up to 80% and in the amount potassium (K) up to
25% using as a reference the total quantities of fertilizers needed to provide crops the
optimum amount to peak performance [46]-[49]. Despite that the parameters mentioned
before have already been studied in other previous research, our thorough methodology will
refine existing data within the same area of study so all the data can be used to study
interconnections and direct relationships. Moreover, after this research different economic
values will be assigned for each positive aspect derived from the use of reclaimed water in
agriculture to irrigate crops which since it has not been done before it will strengthen with
real and comparable data the value of such a sustainable alternative as reclaimed water is.
Furthermore, there are other aspects that are going to be studied in this research for the first
time ever since they have not been considered before. This make our research groundbreaking
as some parameters as reclaimed water capacity of boosting marine ecosystem or its
contribution on controlling e.coli concentration and distribution might show for the first time
and with certain confidence the relevancy of the economic benefits derived from all the
benefits of using reclaimed water to irrigate crops. Furthermore, as this research will show
economic and therefore quantifiable results, all the stakeholders will take part in the boosting
of the implementation of this alternative water resource in agriculture. At last, results from
surface water samples might show how while this water can be used to irrigate crops without
any minimum requirements or parameters and its use is widely accepted by farmers and
consumers, levels of pollution are potentially way higher than in treated wastewater while
farmers and consumers tend to undervalue it rejecting its use in agriculture because of the
yuck factor and wrong beliefs. Feedback from highly experienced researchers after the Air
and Water Pollution 2022 Conference is also a great opportunity that would provide
significant added value to this research since all the suggested improvements given will be
considered.
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