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ABSTRACT
This work evaluated and compared potential impacts related to the accumulation and/or
release of heavy metals resulting from the application of different types of stabilized waste to
soil. Namely, the following three types of flows were considered: waste produced by aerobic
bio-stabilization of municipal solid waste at a Mechanical Biological Treatment (MBT) plant,
and compost produced either from aerobic composting or from a combination of anaerobic and
aerobic biodegradation processes. After a preliminary characterization of the materials (organic
matter content, volatile solid, and heavy metals content), heavy metal accumulation in soil
caused by possible long-term application of these organic materials was evaluated by
implementing a discretized mass balance based on the total content of the heavy metals in each
type of solid matrix investigated. In addition, results of percolation leaching tests performed on
each type of material were presented and discussed. Results highlight that although the total
content of heavy metals of the three types of materials differed considerably, with the MBT
waste presenting the highest concentrations, the results of the leaching percolation tests were
quite similar.
Keywords: aerobic stabilization, anaerobic digestion, compost, leaching behavior, MBT waste, metal
accumulation.
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Avaliação dos efeitos da aplicação de resíduos bioestabilizados no solo
em termos de acumulação e lixiviação de metais pesados
RESUMO
O objetivo do presente trabalho foi o de avaliar e comparar os potenciais impactos do
acúmulo e/ou lançamento de metais pesados devido a utilização sobre o solo de diferentes
matrizes de entulho urbano biodegradável depois da consolidação aeróbica. Em particular,
foram consideradas as seguintes três matrizes de entulhos consolidados: Entulho produzido pela
bioconsolidação aeróbica de entulhos sólidos urbanos depois do tratamento mecânico
biológico, composto produzido de matriz selecionada de entulho sólido urbano depois da
bioconsolidação aeróbica, composto produzido de matriz selecionada de entulho sólido urbano
depois da bioconsolidação combinada anaeróbica e aeróbica. Os resultados obtidos evidenciam
que o conteúdo dos metais pesados em cada uma das três matrizes pode variar
consideravelmente registrando as maiores concentrações nas matrizes provenientes da
bioconsolidação aeróbica de entulhos sólidos urbanos depois do tratamento mecânico
biológico. No que diz respeito ao lançamento avaliado com o teste de percolação (lixiviação)
as três matrizes se comportaram de modo simelhante.
Palavras-chave: acumulação de metal, comportamento de lixiviação, composto, digestão anaeróbica,
estabilização aeróbica, resíduos de MBT.

1. INTRODUCTION
Recently the European Commission has been strongly promoting the enactment of a
circular economic model aimed at preserving natural resources and minimizing landfill
utilization. In this framework, Member States have taken actions to divert biodegradable
municipal waste from landfills and to reduce impacts during their management due to their
putrefying nature, with respect to both biogas and and leachate emissions. Specifically, two
main strategies have been adopted for the management of this fraction aerobic and/or anaerobic
biodegradation of the source-segregated Organic Fraction of Municipal Solid Waste
(OFMSW), with production of compost and digestate, and mechanical–biological treatment
(MBT) of residual MSW to produce bio stabilised waste, besides waste-derived fuels aimed at
energy recovery (Abdullahi et al., 2008; Di Lonardo et al., 2016). Compost is generally used in
agriculture as a fertilizer and for improving the soil’s physical and chemical properties
(Westerman and Bicudo, 2005; Hargreaves et al., 2008). Northern European countries such as
Denmark, Sweden or Germany admit the utilization of digestate as a soil fertilizer (Möller and
Stinner, 2009; Rodhe et al., 2006), but this activity is generally allowed only for the separately
collected organic fraction of MSW. Differently, the main fate of MBT waste is landfilling due
to its higher content of non-biodegradable materials (e.g. plastic pieces) and heavy metals
compared to compost (Di Lonardo et al., 2012). However, the interest in the possibility of
recovering MBT waste is increasing (MacLeod et al., 2008), especially considering the large
amounts that are being produced in efforts to divert waste from landfills (Farrell and Jones,
2010; Pantini et al., 2015a; 2015b). One of the possible ways to recover MBT waste is as landfill
cover material for promoting vegetation growth (Angermeier et al., 2010); application to
degraded and/or contaminated soils of these organic rich fractions has been also proposed
(Farrell and Jones, 2010). To date Italy has a specific regulation for the reuse of bio stabilised
fractions like compost as soil improvers (D.Lgs. 217/06). Requirements are expressed in terms
of total composition (e.g. total content of heavy metals), not leaching behaviour. It is, however,
well established that the potential risks to the environment related to the use or disposal of a
Rev. Ambient. Água vol. 13 n. 3, e2228 - Taubaté 2018
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material should be assessed also in terms of release when in contact with water, not only total
content (van der Sloot et al., 2003).
This study was aimed at assessing and comparing the application on soil of different types
of treated bio-waste produced from a Mechanical Biological Treatment plant, an aerobic
composting process and from a combination of anaerobic and aerobic biodegradation processes
(Pantini et al., 2015a; Di Gianfilippo et al. 2016a; 2016b). To this aim, metal accumulation
caused by the long-term application of bio-stabilized waste on soil was assessed by
implementing an approach based on a discretised mass balance over time as suggested by the
European Compost Network (ECN et al., 2015). In addition, leaching data from percolation
tests (Pantini et al., 2015a; Di Gianfilippo et al., 2016a; 2016b) were analyzed in terms of heavy
metal release over time.

2. MATERIALS AND METHODS
2.1. Investigated samples
Three different types of bio-stabilized waste materials were analyzed in this study: MBT
waste (MTBW) produced by aerobic bio-stabilization of mechanically selected municipal
waste, and two types of compost produced from an aerobic composting process (Compost A)
and from a combination of anaerobic and aerobic biodegradation processes (Compost B).
The MBT waste was sampled in a plant that has a maximum treatment capacity of 750 Mg
MSW/d. Downstream from a primary mechanical sieving unit at 90 mm, electromagnetic
separators remove metals and the biodegradable fraction is sent to a bio-stabilization basin,
where forced aeration conditions enhance the aerobic biodegradation of the organic fraction.
After around 28 days, the output is mechanically sieved at 20 mm in order to separate the
oversize fraction enriched in plastics and inert materials (Di Lonardo et al., 2015).
The Compost A sample was collected from a plant that treats source-segregated organic
fractions of MSW (from local markets, restaurants and households) with a maximum treatment
capacity of 82 Mg/d. After 28 days at forced aeration conditions, the material was subjected to
a ripening stage at natural aeration conditions for 180 days and then sieved at 10 mm.
The Compost B sample was collected from a biodigestor/composting plant which likewise
treats source-segregated organic fractions of MSW (mainly food and green waste) with a
maximum treatment capacity of 120 Mg/d. This plant is made up of two different
biodegradation processing stages. First, an anaerobic digestion stage lasting 15 days is carried
out for a part of the input waste; the digestate output is then mixed with the remaining waste
and sent to the aerobic composting stage. Downstream from a mechanical sieving unit at
40 mm, the organic fraction remains in bio-cells at forced aeration conditions for 20 days. The
bio-stabilized material is kept at natural aeration conditions for 90 days in order to achieve
ripening conditions. Secondary mechanical sieving at 10 mm is carried out at the end of the
ripening phase. The oversize flows are recirculated at the beginning of the process in order to
act as structuring materials during the two biodegradation stages.
2.2. Evaluation of metals accumulation in topsoil
Bio-stabilized materials do not contain only nutrients and organic matter, but also a
significant quantity of minerals and specifically metal bearing phases. While the organic matter
fraction can be mineralized and the nutrients absorbed by plants, the mineral fraction remains
permanently, contributing to soil structure. Therefore, mineral components, which remain in
the soil over time, cause an increase in soil horizon and contribute in defining its contamination
level. In order to evaluate the effect of pollutants accumulation in topsoil resulting from the
application of bio-stabilized materials on one hectare of soil, the model presented by the
European Compost Network for compost was used (ECN et al., 2015). Specifically, the
Rev. Ambient. Água vol. 13 n. 3, e2228 - Taubaté 2018
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following equation was considered (Equation 1) :
𝐶𝐵𝑜_𝑡 =

(𝐶𝑆𝑎𝑚𝑝 ∗𝑀∗0.1∗𝑡)+(𝐶𝐵𝑜 ∗𝑑∗1000∗ℎ)

(1)

(𝑑∗1000∗ℎ)+(𝑀∗𝐴𝑙𝑜𝑛𝑔 ∗0.1∗𝑡)

Where:
t: Period of application (years)
CBo: Metal concentration in relevant soil horizon (mg/kgTS)
CBo_t: Metal concentration in relevant soil horizon after t years (mg/kgTS)
CSamp: Metal concentration in the compost (mg/kgTS)
h: Soil horizon thickness (m)
M: Annual application rate (MgTS/ha)
Along: Fraction remaining in the soil over the long term (%)
d: Dry bulk density of soil (g/cm3)
In the mass balance (Equation 1) a soil, with a horizon thickness h of 30 cm and a dry bulk
density d of 1.7 g/cm3 was considered (ECN et al., 2015). We assumed an application on soil
of 10 Mg/(ha*year) of dry matter of bio-stabilized waste for a period of t consecutive years.
The application rate M corresponds to the maximum value allowable for compost in Germany,
assumed also in the ECN study (ECN et al., 2015). In order to take into account of the longterm application of the materials to soil, it should be considered that stable fractions contribute
to long-term soil structure. In this study, the fraction remaining after long-term application
(Along) was assumed to be equal to the mineral fraction of the material plus the portion resistant
to biological degradation. The former was assumed to be equal to 82.5% of the ash content,
while the latter was estimated by assuming that 26% of the organic matter, expressed as VS,
contained in the bio-stabilized waste remains in the soil over the long term (Deller et al., 2008).
CBo and CSamp represent the initial metal concentrations in soil and in the bio-stabilized waste
respectively, whereas CBo_t corresponds to the concentration in the soil horizon after t years of
application of the bio stabilised materials.
2.3. Leaching behavior
In our previous studies, we specifically investigated the leaching behavior of the waste
materials considered in this work (Pantini et al., 2015a), as shown in Table 1, where the contents
of organic matter (volatile solids and total organic carbon) and heavy metals are also reported.
Table 1. Results (mean ± standard deviation) of the samples’ characterization (partially, Pantini
et al., 2015a).
Solid content

Eluates from column test (L/S =10)

Parameters
Ash (%)
VS (%)
TOC (%)
Cu (mg/kgTS)
Ni (mg/kgTS)
Pb (mg/kgTS)
Zn (mg/kgTS)

MBTW

Compost A

Compost B

MBTW

Compost A

Compost B

45.8 ± 1.6
54.2 ± 1.6
27.0 ± 0.5
172 ± 110
15.7 ± 0.4
350 ± 120
370 ± 7

32.7 ± 0.7
67.3 ± 0.7
25.2 ± 0.8
57.2 ± 2.1
16.3 ± 2.0
25.9 ± 0.7
164.4 ± 3.1

47.6 ± 0.3
52.4 ± 0.3
21.8 ± 0.4
79.3 ± 4.5
12.3 ± 1.0
41.0 ± 0.1
350.8 ± 22.4

0.11 ± 0.012
0.09 ± 0.058
0.41 ± 0.023
0.16 ± 0.051

0.45 ± 0.001
0.20 ± 0.001
0.19 ± 0.003
6.62 ± 0.101

0.12 ± 0.004
0.10 ± 0.001
0.14 ± 0.001
0.06 ± 0.055
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Although the three samples proved quite different, especially in terms of heavy metal
contents, an interesting finding was that the metals leaching kinetics as a function of the L/S
ratio seemed to be governed by the same mechanisms (Pantini et al., 2015a). To evaluate how
much water could come in contact with the material in the application area, the empirical model
proposed by Connor et al. (1997), which allows one to estimate the net infiltration rate as a
function of the average annual rainfall P (cm/year) and of the predominant soil type (sand, silt
or clay), was used (Equation 2 for silty soil). The net infiltration rate If was utilized to estimate,
for the application area A, how much water could infiltrate into the soil after every year
(Equation 3) and how long it takes to pass through the soil horizon thickness (Equation 4).
𝐼𝑓 = 0.0009 ∗ (𝑃)2

(2)

𝑄𝑖𝑛𝑓 = 𝐼𝑓 ∗ 𝐴 ∗ 10

(3)

𝑡𝑖𝑛𝑓 = ℎ/ 𝐼𝑓

(4)

Where:
If: Net infiltration rate (cm/years)
A: Area of infiltration (m2)
Qinf: Water that infiltrates in area A (l/year)
tinf: Time to pass through h (years)
The net infiltration If was evaluated by considering an annual precipitation value P of
77.2
cm/year,
assumed
by
the
European
average
rainfall
in
2008
(http://www.nationmaster.com).
This value was used to calculate how much time the topsoil, represented by the first 30 cm
of soil and the accumulated bio stabilised material, need to come in contact with rainfall to
reach the investigated liquid to solid ratios adopted in the percolation tests (Table 2).
Table 2. Time to reach the investigated L/S
assuming to apply 1 kg of material to 1 m2
of soil (Average annual rainfall P = 77.2
cm/year; predominant soil type: Silt;
horizon thickness h = 30 cm).
Years
L/S (l/kg)

0.21

0.42

0.63

0.84

1.05

2

4

6

8

10

3. RESULTS AND DISCUSSION
3.1. Metals accumulation in soil
Figure 1 shows how the concentration in the relevant soil horizon changes over time.
Since nutrient uptake by plants is not considered in this work, the Along values were found
to be equal to 51.9% for MBT W, 44.5% for Compost A and 51.4% for Compost B, therefore
the materials were considered to lose approximately half of their initial weight.
In order to evaluate how bio-stabilized materials contribute to the accumulation of heavy metals
in soil, the initial concentration in the relevant soil horizon CBo_t was considered to be null.
Results show an increasing trend of heavy metal concentration in soil, which is strongly
Rev. Ambient. Água vol. 13 n. 3, e2228 - Taubaté 2018
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influenced by the type of material considered. Metals with a similar concentration value show
a similar trend, like Ni in all the three investigated samples. MBTW trends confirm that aerobic
bio-stabilization of mechanically selected municipal waste produces a material with a higher
metal content which may theoretically lead to exceed the threshold values for reuse in
residential sites, but only for very long application timeframes (i.e. 175 years for Pb). In 50
years, the total metal content would appear not to exceed the Italian soil contamination
threshold values for residential use (Italian Decree N 152, 2006). Figure 2 shows how the initial
concentration of a metal in the soil horizon can influence the results, with Cu as an example.

Figure 1. Metal accumulation in the soil over the time.

(CBo = 50 mg/kgTS for Cu).
Figure 2. Metal accumulation in the soil over the long term, at
different initial concentration values.

Taking into account the mass balance of the initial metal content in the soil results in an
increase of the metal concentration in the relevant soil horizon, but also in a slightly slower
increase of metal accumulation over time. It is important to highlight that Equation 1 can be
used to estimate the maximum value of concentration in the relevant soil horizon for t → ∞
(Equation 5).
𝐶𝐵𝑜_𝑡 ≅

(𝐶𝑆𝑎𝑚𝑝 ∗𝑀∗0.1∗𝑡)
(𝑀∗𝐴𝑙𝑜𝑛𝑔 ∗0.1∗𝑡)

=

𝐶𝑆𝑎𝑚𝑝
𝐴𝑙𝑜𝑛𝑔

𝑓𝑜𝑟 𝑡 → ∞

Rev. Ambient. Água vol. 13 n. 3, e2228 - Taubaté 2018
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The maximum value of concentration in soil depends only on Along; meaning that
concentrations approximately double for t → ∞.
𝐶𝐵𝑜_∞ ≅ 1⁄0.519 𝐶𝑆𝑎𝑚𝑝 = 1.93 𝐶𝑆𝑎𝑚𝑝 𝑓𝑜𝑟 𝑀𝐵𝑇𝑊
𝐶𝐵𝑜_∞ ≅ 1⁄0.445 𝐶𝑆𝑎𝑚𝑝 = 2.25 𝐶𝑆𝑎𝑚𝑝 𝑓𝑜𝑟 𝐶𝑜𝑚𝑝𝑜𝑠𝑡 𝐴
𝐶𝐵𝑜_∞ ≅ 1⁄0.514 𝐶𝑆𝑎𝑚𝑝 = 1.95 𝐶𝑆𝑎𝑚𝑝 𝑓𝑜𝑟 𝐶𝑜𝑚𝑝𝑜𝑠𝑡 𝐵
It should be noted that metal accumulation calculated on the basis of Equation 1 should be
considered as a first conservative estimate, since owing to rainwater infiltration in the soil layer,
metals, salts and other constituents are gradually leached from the bio stabilised materials,
which determines a decrease over time of their total content in the amended soil.
3.2. Leaching behavior
Figure 3 shows the results of dynamic column percolation tests obtained in previous studies
(Pantini et al., 2015a). Metal concentrations in the leachate, expressed in (mg/l) as a function
of the L/S ratio, tend to gradually decrease for an increase of the amount of water that infiltrates
through the material.
As can be noted, notwithstanding the different initial content of potential contaminants in
the three types of bio stabilised materials, their leaching trends as a function of the L/S ratio
were quite similar (see e.g. the leaching curves resulting for Pb). However, also in this case the
highest concentrations were generally retrieved in the leachate of the MBT waste, especially at
low L/S ratios. Table 2 shows the time, calculated through Equation 4, needed to reach the L/S
of the percolation tests, assuming the application of 1 kg of material to 1 m2 of soil. As can be
noted, for the assumed conditions the resulting infiltration rate leads to achieve a L/S of 10 l/kg
in just over a year.

Figure 3. Metal release in solution, resulting from percolation leaching tests.

4. CONCLUSIONS
The results of this preliminary study indicate that heavy metal concentrations may
progressively increase in soils due to the application of bio stabilised materials. The total metal
content strongly influences pollutants’ accumulation in soil, but it is only one of the factors
influencing potential contamination. In fact, organic matter can modify the soil structure,
especially considering the degradation that characterises this fraction during the long term. In
addition, it should be considered that metals may be released over time due to leaching upon
Rev. Ambient. Água vol. 13 n. 3, e2228 - Taubaté 2018
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contact with rainwater or uptake by vegetation. The mobility of potential contaminants is
influenced by the nature of the bio-stabilized waste, but may also depend upon the
characteristics of the soil to which they are added and the intensity of the annual precipitation
on the investigated area. Future studies will address the modification of the model employed in
this work for the evaluation of metal accumulation in soils amended with bio stabilised
materials in order to possibly take the above-mentioned phenomena (leaching in particular) into
account and to also assess the potential impacts of bio stabilised materials on groundwater
quality when applied to soil.
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ABSTRACT
The plant productivity and extraction capacity of nutrients present in swine wastewater
(SWW) were quantified over 60 days in three horizontal subsurface flow constructed wetlands
(HSSF-CW) grown with three different plant species (Typha latifolia, Alternanthera
philoxeroides and Cynodon dactylon). The results show the decay of the dry matter yield
(DMY) and the nutrient extraction capacity (NEC) by the plants throughout the system, which
gave rise to the equations that relate these parameters to the hydraulic retention time (HRT) for
each species. When possible, general equations that are independent of the plant species were
also evaluated. The best model fit for the dry matter yield and N-total, N-ammoniacal, N-nitrate
and P extraction by plants as a function of HRT was the decreasing potential and for K
extraction was the linear regression. The coefficients of determination of equations for the
species Alternanthera philoxeroides and Cynodon dactylon were, for the most part, higher than
0.8. On the other hand, the general equations presented coefficient of determination greater than
90% in all cases.
Keywords: modeling, pig farming, wastewater.

Estimativa da produtividade e extração de nutrientes pelas plantas
ao longo do comprimento de sistemas wetlands construídos tratando
águas residuárias da suinocultura
RESUMO
A produtividade e a capacidade de extração de nutrientes presentes na água residuária da
suinocultura (SSW), pelas plantas, foi quantificada ao longo de 60 dias em três wetlands
construídos de escoamento horizontal subsuperficial (HSSF-CW), cultivados com três
diferentes espécies vegetais (Typha latifolia, Alternanthera philoxeroides e Cynodon dactylon).
Os resultados mostram o decaimento da produtividade de matéria seca (DMY) e da capacidade
de extração de nutrientes (NEC) pelas plantas ao longo do sistema, que proporcionaram a
obtenção de equações que relacionam esses parâmetros com o tempo de detenção hidráulica
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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(HRT) para cada espécie. Quando possível, equações gerais que independem da espécie
plantada também foram avaliadas. O modelo de melhor ajuste aos dados de produtividade de
matéria seca e extração de N-total, N-amoniacal, N-nitrato e P pelas plantas em função do HRT
foi o potencial decrescente e para extração de K, foi o linear decrescente. Os coeficientes de
determinação das equações para as espécies Alternanthera philoxeroides e Cynodon dactylon,
em sua maioria, foram superiores a 0.8. Já as equações gerais apresentaram coeficiente de
determinação maior que 90%, em todos os casos.
Palavras-chave: água residuária, modelagem, suinocultura.

1. INTRODUCTION
Pig farming is of considerable economic, social and environmental importance globally,
with pork the most-consumed source of animal protein in the world (ABCS, 2016). From the
environmental point of view, the wastewater discharge, treated or not, causes severe
environmental impacts on water bodies. Piggery effluents contain high contents of organic
matter that cause oxygen depletion, biodiversity losses and environmental degradation in
aquatic ecosystems. Nutrients present in these wastewaters, mainly nitrogen, phosphorus and
potassium, when in high concentrations, can trigger eutrophication, even in lotic water bodies,
also causing environmental degradation
The characteristics of swine effluent, in relation to physical, chemical and biological
parameters, depends on its dilution, and this depends on water uses/management in pig farms.
According to Perdomo et al. (2001) the concentration of Dry matter, BOD520, Total
Nitrogen, Total Phosohorus and Total Potassium varies from 5.7 to 2.9%, 16.1 to 8.1 kg m³, 2.7
to 1.4 kg m-³, 0.94 to 0.47 kg m-³ and 1.5 to 0.75 kg m-³, respectively.
According to ABCS (2016), in 2015 the Brazilian reproductive stock was 1,720,255
breeding sows that produced 39,263,964 piglets that were subsequently slaughtered. The
complete pig breeding cycle generates from 140 to 170 L sow-1 day-1 and for the piglet
production core the volume of waste is 35 to 40 L pig-1 day-1 (Konzen, 2003). Thus, the average
generation of wastewater from Brazilian swine for the year 2015 was approximately 635 million
m³.
While it is recognized that such activity is essential for the world economy, bringing many
social-economic benefits, the large environmental impact on water, soil and air also needs to be
considered.
Horizontal subsurface flow constructed wetlands (HSSF-CW), among many other
technologies for swine wastewater treatment, offer a great alternative for treatment of such
heavily loaded wastewaters. According to von Sperling (2005), CW systems have very low
power requirements; do not produce byproducts, noise and aerosols; are simple to operate and
maintain; reach high efficiency on BOD removal; present low costs of operation and
maintenance and are resistant to variations in flow and loads.
CW systems are a wastewater treatment technology whose design is based on natural
processes occurring in aquatic ecosystems such as marshes and swamps. According to USEPA
(1999), CWs are shallow artificial systems, generally less than 1 m deep, filled or not with a
support media like stones or sand, planted with aquatic plants, where biological, chemical and
physical processes take place providing wastewater treatment. Generally, these systems must
have a liner layer to prevent infiltration and soil and groundwater contamination. Hydraulic
parameters such as, flow, hydraulic retention time, water depth and flow direction are controlled
inside the system. The most common flow types in CWs are surface flow or vertical and
horizontal subsurface flow.
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According to Vymazal (2013), the macrophytes growing in constructed wetlands have
several properties in relation to the treatment process that make them an essential component
of the design. Among the functions of the vegetation present in the HSSF-CWs, are included:
nutrient removal from the wastewater; oxygen transfer to the substrate; exudation of substrates
(rhizomes and roots) for the biofilm growth of bacteria; improvement in the permeability of the
substrate and in the aesthetics of the environment (Mohammadpour et al., 2014; Wetland
International, 2003; Lautenschlager, 2001).
According to Faquin (2005), there are three factors that affect the extraction of nutrients
by plants: 1) factors related to the plant's absorption capacity, kinetic parameters that enable the
ion fluxes to the plant; 2) factors related to the characteristics of the support medium and pore
water in soil matrix , which define the rate at which a given nutrient will reach the surface of
the root; and 3) the morphological factors of the vegetation, which will condition the area or
surface absorbed from the root system.
For nitrogen, for example, forage vegetation can remove from 0.16 to 0.67 t ha-1 year-1 and
forests from 0.08 to 0.17 t ha-1 year-1 (Matos and Matos, 2017).
Because CWs are systems of great diversity, in constructive and operational terms, the
scientific community has undertaken efforts to improve the design of these systems. The
availability of models and mathematical equations that describe the mechanisms and processes
that take place in the HSSF-CW become fundamental so that the costs of construction and
operation can be minimized and the efficiency in the wastewater treatment can be maximized.
A number of authors (Saeed and Sun, 2011; Meyer et al., 2015) have modeled the decay
of various pollutants in the wastewater within the HSSF-CW; however, it is still considered
important to understand how plants influence the transformation processes, quantifying the
decay of the pollutants in the system.
Thus, this article aims to develop mathematical equations of biomass productivity and
nutrient uptake by the aerial part of the plant species Alternanthera philoxeroides (Alligator
weed) Cynodon dactylon (Tifton 85 grass) and Typha latifolia (Cattail) along the length of three
HSSF-CW treating swine wastewaters.

2. MATERIAL AND METHODS
2.1. Location and experimental units characterization
This study was conducted at the experimental Area of Hydraulics, Irrigation and Drainage
of the Department of Agricultural Engineering of the Federal University of Viçosa, Minas
Gerais state, Brazil. The system is basically composed of five HSSF-CW units, described as
follows and depicted schematically in Figure 1.
CW1: system planted only with Typha latifolia (Cattail);
CW2: system planted only with Alternanthera philoxeroides (Alligator weed);
CW3: system planted only with Cynodon dactylon (Tifton 85 grass)
The swine wastewater treatment system was composed of a storage tank, a compost filter
with sugarcane bagasse followed by HSSF-CW. The storage tank had 20 m³ capacity. The
sugarcane bagasse filters had a volume of 0.5 m³ and were operated alternately. Its bed was
changed 9 times throughout the experiment. The flow control tanks were 1 m³ in volume each.
The HSSF-CW analyzed were 24 m long, 1.1 m wide, and 0.7 m high, with a bottom slope
of 0.005 m m-1. Applied wastewater flow was of 800 L day-1, resulting in a hydraulic retention
time (HRT) of 4.8 days and a BOD loading rate of 154.8 kg ha-1 day-1. Support media used was
gneiss gravel, with an effective diameter of 7.0 mm, uniformity coefficient of 1.6, void volume
of 48.4% and saturated hydraulic conductivity of (Ksat) of 7,970.0 m d-1.
Rev. Ambient. Água vol. 13 n. 3, e1979 - Taubaté 2018
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Figure 1. Units layout scheme at the experimental site of DEA/UFV.

2.2. Sampling and analyses
System construction occurred between 01/11/2003 and 01/02/2005. To evaluate the dry
matter yield (DMY) and nutrient extraction by the aerial part of the species assessed, three cuts
of plant shoots were done (12/04/2005, 24/07/2005 and 14/11/2005) at the first, second and
final third of the HSSF-CW, as schematized in Figure 2.

Figure 2. Schematics of harvesting thirds at the HSSF-CWs.

The harvested material was immediately weighed in order to determine the fresh matter
production (FMP), dividing the biomass productivity by the sampling area (4.0 m x 1.1 m).
Then, all the fresh biomass was chopped and three representative samples were taken for the
determination of water content, allowing the calculation of the dry matter content (DM) and
sample preparation to nutrient analysis.
Samples were placed in paper bags, identified and taken to the greenhouse at 60°C
temperature with air circulation until constant mass (pre-drying). Then, the samples were
ground in a “Willey” type mill with screen 30 "mesh" and stored in paper bags for subsequent
quantification of the dry matter content and nutritional analysis. Part of the sample was placed
in a greenhouse at 105°C temperature until it reached constant mass, in order to quantify the
residual water content, obtaining the total dry weight of each sample.
Dry matter yield of the aerial part (DMY) was obtained using Equation 1, while the nutrient
extraction capacity (NEC) was obtained by the product of nutrient concentration (NC) in plant
tissue and dry matter yield (Equation 2) in the periods between their harvests.
𝐷𝑀𝑌 =

𝐹𝑀𝑃 𝑥 𝐷𝑀
100

𝑁𝐸𝐶 = NC 𝑥 𝐷𝑀𝑃 𝑥 10
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On what:
DMY: Dry matter yield in t ha-1 (ton hectare-1)
FMP: fresh matter yield in t ha-1 (ton hectare-1)
DM: dry matter content in dag kg-1 (decagram kilogram-1)
NEC: nutrient extraction capacity in kg ha-1 (kilogram hectare-1)
NC: nutrient concentration in dag kg-1 (decagram kilogram-1)
2.3. Database analysis
The HSSF-CWs plants 1, 2 and 3, calculated from the data obtained in the three cuts done
in their aerial part, were analyzed in a 3x3x3 factorial (3 HSSF-CWs, 3 positions within each
HSSF- CWs and 3 replicates at each position), with split plots, distributed in a randomized
complete block design with 2 factors (factor HSSF-CW and factor positions within each HSSFCW). When there was a significant effect on the HSSF-CW x Position interaction, the effect of
one factor was compared at each level of the other, and when there was no significant effect on
this interaction, the factors were assessed separately. The averages, in the case of significant
effects, were compared using the Tukey test, at 5% significance.
Dry matter yield of the aerial part (DMY) and nutrient extraction capacity (NEC) were
analyzed in relation to HRT within the HSSF-CW (total of 4.8 days). As HSSF-CW had 24 m,
the HRT of 0.8 days equals the length of 4m, the HRT of 2.4 days the length of 12 m and the
HRT of 4.0 days the length of 20m, as shown in Figure 2.
The analyzes were performed in relation to the HRT instead of the distance traveled by the
effluent inside the HSSF-CW in order to standardize the results, so that they could be used in
different CWs with different lengths and hydraulic loadings.
2.4. Mathematical equations adjusted
Mathematical equations adjusted to allow an estimation of DMY and NEC (Total-N,
Ammonium-N, Nitrate-N, P and K) by plant aerial parts were firstly proposed to each species
(T. latifolia – CW1; A. philoxeroides – CW2; C. dactylon – CW3).
Once the individual equations for each plant species obtained, the intensity of the
relationship between two variables was quantified making use of the Pearson correlation
coefficient (PCC). Thus, when the correlation obtained for the three plant species showed good
correlation (CCP > 0.7) a single equation was proposed, capable of representing the three
species evaluated.
The individual equations were made with 27 data points: three points along the system;
three crops; three samples per point. The single equations were done with 78 data points each:
27 points per species and three species.
The equations were made via linear regression, and linear, potential, exponential and
logarithmic equations were analyzed. The choice was based on the coefficient of determination
(R²), that is, the type of equation chosen was the one with the highest R2.

3. RESULTS AND DISCUSSION
Eighty-one data were obtained per parameter, 9 for each point for each species. The
averages of the 9 data collected from DMY and NEC are shown in Table 1.
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Table 1. Average dry matter yield and nutrient extraction capacity for the three
species analyzed.
T. latifolia
HRT (d)
-1

DMY (t ha )
NEC-TN (kg ha-1)
NEC-TP (kg ha-1)
NEC-TK (kg ha-1)

0.8

2.4

22.3
500.8
85.9
628.8

21.1
539.1
84.8
594.9

A. philoxeroides
4.0

0.8

2.4

4.0

20.2 27.9
25.4
23.1
499.2 1252.7 946.0 910.7
82.5 142.7 136.9 117.9
645.5 1263.9 1162.0 1008.5

C. dactylon
0.8

2.4

4.0

26.8
752.5
124.3
659.6

27.5
643.2
101.6
559.6

27.2
603.9
88.4
510.8

DMY: Dry matter yield; NEC-TN: nitrogen extraction capacity; NEC-TP:
phosphorus extraction capacity; NEC-TK: Potassium extraction capacity.

In this data manipulation step, 18 equations were obtained (Figures 3 and 4) which
represent the behavior of the DM productivity and total nitrogen, ammonium, nitrate,
phosphorus and potassium extraction from the aerial part of plants along the length of systems,
that is, in relation to HRT. Each part of the figure shows the behavior of these variables in each
harvest and the curve of the average values in the harvested material.
The mathematical model that presented the highest accuracy for the N and P extraction
data by the aerial parts of the plant and for the dry matter yield was the decreasing potential.
For the extraction of K, the model with the highest adjustment was the linear decreasing.
It was observed that there was a decrease in DMY and NEC with the increase in HRT,
other than the N and K extraction capacity, by T. latifolia.
The ability of plants to extract nutrients from wastewater under treatment and their
productivity is directly associated with the availability of nutrients in mineral form. This
availability, in turn, depends on the Organic Load Rate (OLR) applied in the CW,
As in this experiment there was a decrease in productivity and nutrient extraction capacity
with increase in OLR, nutrient availability in mineral form decreased with HRT in CWs. The
extraction capacity of N in the present research was, on average, 738.7 kg ha-1, in an average
culture period of 180 days, when submitted to OLR of 155 kg ha-1 d-1 of BOD. Queiroz et al.
(2004) obtained 552 kg ha-1 N extraction in 120 days of continuous SWW application.
Matos et al. (2010), when evaluating the extraction capacity of two plant species
(Pennisetum purpureum schum and Cynodon spp.), when grown on HSSF-CWs used in the
treatment of dairy wastewater, observed a tendency of increase in TN, TP and TK extraction
with the increase in OLR applied. These authors obtained, in a period of 61 days of cultivation
of the first species and 45 days of the second, in HSSF-CW submitted to OLR of 570 kg ha-1 d-1
of BOD, obtained an estimated maximum value of 205.7 and Of 356 kg ha -1, in the extraction
of N-total, 30.2 and 37.8 kg ha-1, in the extraction of P-total and 8.6 and 14.9 t ha-1 in the DMY.
In addition to the cultivation period and applied organic load, it is understood that the type
of effluent used and the climatic conditions are decisive factors in the comparison of DMY and
NEC of different plant species. It is assumed that the mathematical models proposed and
adjusted in this work apply only to the treatment of SWW in HSSF-CW.
Thus, the differences in concentration between the three harvests may also be due to the
climatic conditions of each crop. The first occurred in the autumn, the second in the winter, and
the third in the spring. It is observed that the species Typha latifolia and Cynodon dactylon
presented higher DMY and NEC in the first harvest (autumn) and Alternanthera philoxeroides
in the third harvest (spring).
It must be emphasized that the equation presented in each part, and its coefficient of
determination, refer to the mathematical adjustment of the average curve. In addition, it was
considered that coefficient of determination (R²) greater than 0.7 represent a good correlation
between the variables.
Rev. Ambient. Água vol. 13 n. 3, e1979 - Taubaté 2018
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It is noted that only five of the 18 equations obtained showed R² lower than 0.7, having
been obtained basically in CW 1 (cultivated with T. latifolia), which can be associated with the
effect of the greater decomposition of masses of stem and root/rhizomes of plants, increasing
the amount of soluble nutrients in the medium.
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DMY: dry matter yield; TNE: Total nitrogen extraction; ANE: Ammonium nitrogen extraction; HRT: hydraulic
retention time.

Figure 3. Equations for dry matter yield and extraction by plant aerial parts of total nitrogen and
ammonium, respectively, in relation to hydraulic retention time in the HSSF-CWs.
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Figure 4. Equations for extraction by plant aerial parts of nitrate, phosphorus and potassium,
respectively, in relation to hydraulic retention time in the HSSF-CWs.

For creating single equations, i.e., that do not depend on the species planted in HSSFs-CW,
the curves obtained for each species were clustered, using the method of similarity analysis
between curves of Pearson. The Pearson correlation index between curves was low (bellow 0.7)
in the analysis of dry mass productivity to the pair A. philoxeroides and C. dactylon. In this
case, for the creation of a single equation, the averages of productivity from C. dactylon, were
excluded, once they presented lower adjustment. Adjusted single equations are shown in Figure
5. All of them presented R² values higher than 0.9.
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Figure 5. Single equation that correlates dry matter yield and extraction by plant aerial parts of total
nitrogen, ammonium, nitrate, phosphorus and potassium, respectively, in relation to hydraulic retention
time in the HSSF-CWs.

Finally, the developed equations are specific for the organic loading rate (type of treated
effluent), the growing days of each species and the climatic conditions. Table 2 shows a
summary of the data obtained from DMY and NEC for the three species studied and their
environmental conditions. These results highlight the importance of the presence and selection
of the plant species to be cultivated in HSSF-CWs, in accordance with the objectives to be
achieved in relation to wastewater treatment in these systems.
Table 2. DMY and NEC values for the three species studied.
Type of
effluent

Flow type

Days of
cultivation

OLR
(kg ha-1 d-1)

Species

DMY
(t ha-1)

NEC-TN
(kg ha-1)

NEC-TP
(kg ha-1)

Swine waste
water

Horizontal

180

155

Typha latifolia
A. philoxeroides
Cynodon dactylon

21.2
25.5
27.2

513.1
1036.4
666.6

84.4
132.5
104.8

4. CONCLUSION
The mathematical model that best fit the experimental data of dry matter yield and N and
P extraction by plant aerial parts was the decreasing potential, while linear decreasing fit better
for K extraction.
The relatively low fitting of the curves to the data of dry matter yield for each species can
be associated with the wide variation in yields obtained in the different harvests. The cuts were
conducted at different times of the year and may reflect the difference in climatic conditions
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between the different sampling times - a factor that would have a considerable influence on
productivity.
The adjustment curves of nutrient extraction for T. latifolia did not show good correlation,
which can be explained by the greater variability in data, possibly resulting from the effect of
the greater decomposition of stem and root/rhizomes biomasses, increasing the amount of
soluble nutrients in the medium.
The single equations generated to estimate the nutrient extraction by aerial parts of the
assessed plant species along the length of HSSF-CW, presented R² values always higher than
0.9. The results give an indication that the decrease in plant productivity is possibly due to the
lower availability of nutrients (N, P and K) in swine wastewater along the length of these
systems.
The equations generated in this paper can contribute to plant species selection, the design
and operational conditions of wetlands systems, with a better understanding of the influence of
plants, maximizing efficiency in the treatment of swine wastewater.
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ABSTRACT
The cyanobacterial bloom is a consequence of eutrophication in a lentic environment. It is
attributed to the contribution of nutrients related to anthropic action, as well as geographic and
physico-chemical conditions. Water quality parameters of Alagados reservoir, which supplies
Ponta Grossa, were determined between 08/2013 and 08/2014 to evaluate their effects on the
occurrence of bloom. Some parameters, such as pH (9.1), DO (4.2 mg L-1), BOD (39 mg L-1),
TP (0.86 mg L-1) and number of cyanobacterial cells (372,536 cells mL-1), were outside the
limits recommended by CONAMA 357/05 for Class II and Decree 2,914/11 of the Ministry of
Health. The bloom was predominantly caused by the overdevelopment of Cylindrospermopsis
sp. and required additional use of chemical products in the treatment of municipal water
supplies, to include coagulant (19.6%), polymer (21.0%) and activated carbon (1,889%), with
a corresponding cost increase of 58%. The Water Quality Index confirmed the worsening of
reservoir water quality during bloom. The Principal Component Analysis of historical data
(01/2003 to 08/2014) did not discriminate the cyanobacteria levels classes (< 2,000, 2,00020,000, 20,000-50,000 and > 50,000 cells mL-1) based on Brazilian standards, which was
confirmed by the Hierarchical Cluster Analysis; although it confirmed a logical correlation
between some parameters (climatic condition-reservoir rainfall-reservoir level and BODCOD). The unidentified correlations can be attributed to the adaptability of Cylindrospermopsis
sp. and the ecological complexity that requires higher sampling frequency.
Keywords: conservation, eutrophication, reservoir impacts.

Comparação de floração de cianobactérias e níveis de parâmetros
físicos, químicos e biológicos na represa de Alagados,
Ponta Grossa - PR
RESUMO
A floração de cianobactérias é consequência da eutrofização em ambiente lêntico e é
atribuída ao aporte de nutrientes relacionado à ação antrópica, além de condições geográficas e
físico-químicas. Parâmetros de qualidade da água da bacia de Alagados, que abastece Ponta
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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Grossa, foram determinados entre 08/2013 e 08/2014 para avaliar seus efeitos na ocorrência de
floração. Alguns parâmetros foram encontrados fora dos limites, como pH (9,1), OD
(4,2 mg L-1), DBO (39 mg L-1), PT (0,86 mg L-1) e número de células de cianobactérias
(372.536 céls mL-1); CONAMA 357/05 classe II e Portaria 2.914/11 do Ministério da Saúde. A
piora da qualidade da água da represa durante a floração foi confirmada com uso do Índice de
Qualidade de Água. A floração de Cylindrospermopsis sp. demandou uso suplementar de
insumos químicos no tratamento de água, como coagulante (19,6%), polímero (21,0%) e carvão
ativado (1.889%), com correspondente aumento de custo em 58%. A Análise de Componentes
Principais de dados históricos (01/2003 a 08/2014) não discriminou as classes de níveis de
cianobactérias (< 2.000, 2.000-20.000, 20.000-50.000 e > 50.000 cél ml-1) baseadas em normas
brasileiras, o que foi confirmado pela Análise Hierárquica de Agrupamentos; embora tenha
confirmado correlação lógica entre alguns parâmetros (condição climática, índice
pluviométrico da bacia, nível da represa e DBO-DQO). As correlações não identificadas podem
ser atribuídas à adaptabilidade da Cylindrospermopsis sp. e a complexidade ecológica que
demanda maior frequência de amostragem.
Palavras-chave: conservação, eutrofização, impactos de reservatórios.

1. INTRODUCTION
The availability of drinking water is related to the economic development of a geographical
area, which may require changes in the water system, such as the collection of water in artificial
basins and the damming of rivers (Tucci and Mendes, 2006). These lentic systems limit the
renewal of water segments and accelerate degradation processes (Nakamura and Rast, 2011).
Another anthropogenic activity is the increase in the nutrient load of reservoirs, resulting in
eutrophication. Excessive growth of cyanobacteria causes serious problems for the environment
and public health. The Alagados Reservoir is an example of a water source that exhibits frequent
and intense blooms of microalgae and cyanobacteria (Yunes et al., 2003), which have been
monitored since 2003 (SANEPAR, 2014). The reservoir being studied is an ecosystem with
vast biodiversity. It is located in the Campos Gerais region and bridges the Escarpa Devoniana
range, belonging to the water reservoir of the Tibagi River, which is considered one of the
largest and most important in Brazil, economically, physically, and hydrologically. Within the
Alagados Reservoir, activities such as agriculture, livestock breeding, and reforestation using
exotic plants such as Pinnus spp and Eucalyptus spp is carried out. In addition, the area is used
for leisure activities with potential for being a site for tourism, as well as being a water source
for electric power generation and public water supply (SANEPAR, 2010).
A water treatment plant should be able to supply water that is adequate for human
consumption, with appropriate sanitary and toxicological characteristics. Therefore, blooming
of cyanobacteria such as of the Microcystis, Cylindrospermopsis, Anabaena, and Oscillatoria
species in water sources is a serious problem (Hitzfeld et al., 2000; SANEPAR, 2014). The
blooming may alter the quality of the treated water and cause operational problems at various
stages of treatment, such as a loss in efficiency during the decantation operation, reduction in
operation (run) time during filtration, greater water consumption during the washing of the
filters, and an overall reduction in the production of treated water (Di Bernardo e Dantas, 2005;
De Julio et al., 2010). The water supply system of the municipality of Ponta Grossa (state of
Paraná) captures surface water from the Alagados Reservoir (40% of the total demand) and
from the Pitangui River, downstream from the reservoir, in order to supply 350,000 inhabitants.
There are two treatment stations, the Pitangui WTS (for conventional treatment) and the Actiflo
WTS, designed to deliver a high-performance decantation process over a low area of coverage.
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The monitoring and study of water reservoirs are important tools for environmental
management since they provide data that contribute to a diagnosis of the impacts and risks of
degradation on water resources (Nakamura and Rast, 2011). The goal of this study was to use
mathematical and statistical tools to evaluate factors that exhibit a potential correlation to the
blooming of cyanobacteria in the Alagados Reservoir, as well as their effect on water treatment
for urban consumption.

2. MATERIALS AND METHODS
2.1. Study area, sampling, and methodology
The Alagados Reservoir is part of the Tibagi River Reservoir, located in the southwest
quadrant of the state of Paraná, delimited by the coordinates 24o52’ to 25o05’ S and 49o46’ to
50o06’ W, and encompassing the municipalities of Ponta Grossa, Castro, and Carambeí.
Monthly collections were carried out during the period from August 2013 to August 2014
at 10 locations along the course of the main tributaries, the Jotuba River (J2 and J4), the Pitangui
River (P1, P2, P3 and P4) and at the reservoir (R1, R2, R3 and R4). In the month of December,
the samples were taken only at the point near the (R4) location (due to lack of staff). The same
is true for the months of February, April, and May (due to the impossibility of navigation as a
result of low water levels in the reservoir during the dry season). The water samples were
collected at the water surface in the Alagados Reservoir between the hours 09:30 a.m. and 3:00
p.m., simultaneously by boat and by automobile. Water temperature, air temperature, climate
conditions, water transparency (using a Secchi disk), and rainfall were determined in situ. For
statistical analysis of the water quality index at point R4, samples were collected at an average
depth of 3 meters and from the bed of the reservoir (using a Van Dorn bottle), in addition to the
surface samples.
The samples were conditioned and transported in thermal boxes for subsequent analysis of
pH, turbidity, ammoniacal nitrogen, nitrite, nitrate, conductivity, total phosphorus (TP),
reactive phosphorus (RP), dissolved oxygen (DO), biochemical oxygen demand (BOD),
chemical oxygen demand (COD), and Escherichia coli (E. coli). The sampling for
cyanobacteria cell count was carried out at the reservoir collection point at 10:00 a.m. The
methodologies used were those described in Standard Methods for the Examination of Water
and Wastewater. The water level in the reservoir was evaluated by direct measurement. The
rainfall data (ÁGUASPARANÁ – Water Institute of Paraná) and insolation data for the
municipality of Castro-PR (INMET – National Institute of Meteorology) were obtained from
the free access database. The water treatment stations (WTS) of the municipality of Ponta
Grossa were monitored during this period in order to evaluate the impact on the process.
2.2. Statistical analyzes
The Water Quality Indices for the junction of the rivers (WQIri) and for the reservoir
(WQIre) were used to discriminate among four classes, according to Conama Resolution 357/05
– excellent, good, normal, and poor. Each parameter was weighted according to its importance.
The parameters considered for the WQIri, listed in descending order of importance, were as
follows: DO, COD, E. coli, TP, pH, total nitrogen (TN), turbidity, and total dissolved solids
(TDS). Parameters for WQIre were as follows: cyanobacteria, DO, COD, TP, transparency,
time of residence, TN, and average depth. The reservoir index was based on the index used by
the Environmental Institute of Paraná (IAP), which was adapted for conditions specific to
SANEPAR (SANEPAR, 2014). The multivariate calibration was conducted using historical
data from SANEPAR from January of 2003 to August of 2014. The Principal Component
Analysis (PCA) was conducted using the technique involving auto-scalar preprocessing,
without rotation, 10 factors (for optimization), with a 95% interval of confidence, and
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Hierarchical Cluster Analysis (HCA) was conducted using an auto-scalar preprocessing
technique, Euclidean distance, and an incremental linking method. Both used the Pirouette
software, Version 4.5.

3. RESULTS AND DISCUSSION
3.1. Analysis of water quality in the Alagados Reservoir and tributaries
The blooming of cyanobacteria is a multifactorial phenomenon, and several physicalchemical and biological parameters have been described as having a positive correlation
(Andreoli and Carneiro, 2005; Wu et al., 2012); therefore, the purpose of monitoring of the
water quality in the Alagados Reservoir (Ri, i=1-n) and its major tributaries (Jj and Pj, j=1-m),
was to verify the contribution of each location in the total input of nutrients, as well as other
parameters that may influence the cyanobacteria blooming process in the reservoir. The results
of the surface samples during periods in which occurred blooming (WB, between February and
June of 2014) superior to 20,000 cell mL-1, and those without blooming (the remaining months),
no clear correlation pattern emerges (Figures 1, 2, and 3).
The temperature of the water in the reservoir was higher than that of the rivers, possibly a
result of the larger surface area, which absorbs more heat, as well as the inferior shade was
compared to that of the rivers (especially the Pitangui), provided by riparian growth.
Escherichia coli, which comprises 95% of fecal coliforms, has been used as a bioindicator of
fecal contamination. Its levels vary between < 1 and 2,420 NMP 100 mL-1 in the Jotuba and
Pitangui, the lowest values were observed at the locations in the reservoir.

Figure 1. Monthly averages of the air and water temperatures, and microbiological averages
during the periods exhibiting no blooming (NB) and those with blooming (WB) of cyanobacteria
in the Alagados Reservoir from August 2013 to August 2014.

Figure 2. Monthly insolation and rainfall averages during the periods exhibiting no blooming (NB)
and those with blooming (WB) of cyanobacteria in the Alagados Reservoir from August 2013 to
August 2014.
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Figure 3. Monthly averages of the physical-chemical parameters during the periods exhibiting no
blooming (NB) and those with blooming (WB) of cyanobacteria in the Alagados Reservoir from
August 2013 to August 2014.

According to Conama 357/05, Class II framework, its MPV (maximum permissible value)
in bodies of water should be lower than 1,000 NMP 100 mL-1 for 80% or more of the analyzed
samples; this occurred in 74% of the samples evaluated in the entire reservoir. The comparison
of the monthly averages in the periods with and without blooming exhibited a substantial
difference between the tributaries and the reservoir. The largest values were observed in the
course of the Pitangui River, located near the junction of the river with the reservoir; this may
possibly be attributed to pollution from domestic sewage, animal waste, or both. The lower
levels observed in the reservoir may be a result of dilution due to the larger water volume.
Solar incidence was greater in August, the month in which the rainfall index is usually
lower. Summer days are longer and warmer, and therefore insolation tends to be greater. The
average insolation increased from November to January, the month preceding cyanobacteria
blooming. This phenomenon generally occurs at a temperature of 20oC, but it may be influenced
more intensely by solar radiation, since a description exists of blooming in species that
developed in cold periods that nevertheless had a high incidence of light (Yunes et al., 2003).
The rainfall regime may alter the water quality, as a result of alterations in the physicalchemical and biological characteristics, as well as eutrophication (Sosnovsky and Quirós,
2006). Precipitation in the reservoir varied from 23 mm (August of 2013) to 173 mm (January
of 2014) (ÁGUASPARANÁ), and was similar to that of the water collection area, which varied
from 29mm (August of 2013) to 202 mm (March of 2014) (SANEPAR, 2014). There was little
rainfall in the month of August of 2013, a result that is compatible with the drier winters
normally experienced in the region. The rainiest period, between December and February,
exhibits average values of 500 to 600 mm; however, the value actually observed was 325 mm
Rev. Ambient. Água vol. 13 n. 3, e2016 - Taubaté 2018
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(ÁGUASPARANÁ). Thus, the reservoir levels were lower than normal, a fact that may have
influenced the study. Above 10.00 m of the water level, excess water is drained by the spillway,
a fact that was observed only in September. Because of this fact, in the months of February,
April, and May, it was only possible to carry out sample collection at Point R4 of the reservoir.
The other points were not accessible because the trunks of dead trees and sandbars prevented
navigation.
The pH values varied between 6.4 for the Jobuba River (J4) in May to 9.1 for the reservoir
(R4) in February; the second of these cases occurred with blooming (WB). This result, which
is above the limit stipulated by Conama 357 for Class II, is a characteristic of an environment
in which eutrophication has taken place. The pH is directly related to the process of
photosynthesis, and alkaline results are a result of a decrease in the concentration of carbon
dioxide in the water (Wetzel, 2001). Conductivity varied from 31 μS cm-1 in the Jotuba River
to 98 µS cm-1 in the Pitangui River, thus exhibiting saline content levels that are similar or
below the 100 µS cm-1, considered aggressive toward the ecosystem. Turbidity varied between
5.1 and 94.6 NTU and therefore was lower than the maximum permitted value, MPV
(100 NTU), according to Conama 357, for water in a Class II framework. The greater turbidity
and conductivity values at the Pitangui River monitoring points may be due to erosion of the
riverbanks during the rainy seasons due to the low levels of vegetation cover. For example, one
section of the Pitangui River is particularly lacking in riparian vegetation, instead having
intensely cultivated areas that may have contributed to the greater quantities of surface runoff
of soil arriving at the river. The greater amplitude of turbidity observed is related to the periods
with and without cyanobacteria blooming, according to which the averages during the WB
period are significantly greater than those of the NB period. This may be attributed to the
presence in the reservoir of algae, cyanobacteria, and plankton in general. The DO values varied
from 4.2 in the Jotuba River (R4) in May (WB), to 8.5 mg L-1. The BOD varied from
39 mg L-1, the greatest value, to the detectable limit, DL (< 3 mg L-1), and the greatest value
was observed in the reservoir (R2) in October. The COD parameter varied from < 5 to
78 mg L-1, the greatest result was found in the reservoir (R2), also in October (WB); these
findings are compatible with those of the BOD. According to the Conama 357, Class II
legislation, the DO result must not be inferior to 5 mg L-1 and the BOD must be inferior to
5.0 mg L-1, revealing that stress existed for aquatic animals, confirming an oxygen demand that
was above what is recommended, compatible with a low availability of oxygen. Thus, it is up
to a detailed study to identify a possible contamination by animal waste, debris, rubbish, or
even the agricultural sprayers in the Alagados Reservoir. The BOD and COD values were
similar, which is compatible with components that are easily biodegradable. The highest values
were observed in the reservoir (Point R2), where there is agricultural and livestock activity, the
BOD being higher in pasture areas than in forests (Castro et al., 2009).
The total phosphorus content varied from 0.86 mg L-1 in the Pitangui River (P4) in
February (WB), to DL (< 0.02 mg L-1), whereas reactive phosphorus, or bioavailable
phosphorus, varied from 0.65 mg L-1 at the same location and time cited previously, to the DL
(< 0.01 mg L-1). Only 11% of the samples were found to be within the limits prescribed in the
Conama 357/05, Class II legislation. The average concentration of these forms of available
phosphorus was much higher in the months with cyanobacteria blooming as compared to those
in which there was no blooming, a finding compatible with a positive correlation for phosphorus
content, which is considered the main element responsible for anthropic eutrophication in
continental waters. Thus, external sources must be monitored in order to limit the cyanobacteria
population to the desired levels (Conley et al., 2009; Jacoby and Frazer, 2009). This reservoir
was built in 1929, and has undergone natural aging, in addition to the availability of nutrients
resulting from the reduction of riparian vegetation, cumulative agricultural and livestock
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activity, and the partial urbanization of its edges (Conley et al., 2009); agriculture and livestock
activities use feedstocks that contain P and N in their composition (Sosnovsky e Quirós, 2006).
Nitrogen is generally not considered a limiting nutrient in the eutrophication of freshwater.
However, anthropic activities such as agriculture and livestock must be controlled, since animal
waste and fertilizers may become sources of this nutrient (Cleemput and Boeckx, 2005). The
nitrogen content varied from 1.44 mg L-1 in the Jotuba River (J2) in May (WB), to the DL
(< 0.01 mg L-1). In the same month, significant values were also observed at the remaining
collection points. Nitrite oscillated between < 0.001 (DL) and 0.031 mg L-1 in the reservoir (R4)
in March (WB). Nitrate varied between < 0.01 (DL) and 4.50 mg L-1 in the Jotuba River (J2),
also in March. These parameters are in line with the limits stipulated by Conama 357/05 for
Class II.
The sampling for the cyanobacteria count with reference to the water treatment process for
human consumption was conducted near the Alagados water collection (R4). In accordance
with Directive 2,914/11, the sampling for evaluating the cyanobacteria has been conducted
monthly, but whenever the observed value surpasses 20,000 cell mL-1, it is conducted weekly.
The blooming began at the end of January, with a predominance of the genus Dolichospermum
sp (Anabaena sp), but in February the dominance shifted to Cylindrospermospis sp and
remained so until the end of the blooming period in June (Figure 4A). This predominance may
be related to adaptive characteristics such as floatability, tolerance to variations in temperature,
and capacity for absorbing and storing phosphorus (Andreoli and Carneiro, 2005; Wu et al.,
2012).

A

B

Figure 4. (A) Total cyanobacteria in relation to Cylindrospermopsis sp in the Alagados Reservoir
from August 2013 to August 2014. (B) Record of the monthly averages for total cyanobacteria count
in the Alagados Reservoir (January 2003 to August 2014).
*The highlighted value is the maximum permissible value (MPV) according to Directive 2,914/11 of
the Ministry of Health.

Occasional bloomings in the Alagados Reservoir have occurred since 1980, but they have
become more intense and more frequent since 2002, and have included the presence of
cyanotoxins. Thus, the monitoring has been systematized since 2003, the same year in which
changes in water quality and difficulties in its treatment were also observed by SANEPAR. The
historical data for the blooming of algae (Figure 4B) reveal the seasonal nature of the
phenomenon, which begins in the summer (Dec/Jan), peaks at the end of the summer (Mar/Apr)
and concludes at the beginning of winter (Jun). The peak in cyanobacteria observed during the
year of the study was higher than that of the historical data for the previous five years (Figure
4B).
Saxitoxins and microcystins were within the legal limits, the largest saxitoxin values being
observed in the months of February, March, and April, in agreement with the peaks in
cyanobacteria density. On 05/12/14, the observed content (2.8 μg L-1) was slightly less than the
MPV defined by Directive 2,914/11 (3.0 μg L-1), and may possibly be related to the reduction
in cyanobacteria, from 357,627 cells mL-1 to 176,615 cells mL-1, between 05/06/14 and
Rev. Ambient. Água vol. 13 n. 3, e2016 - Taubaté 2018
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05/12/14, resulting from its release into the water during its old age, death, or cell lysis (Hitzfeld
et al., 2000).
3.2. Influence of cyanobacteria blooming on the Water Treatment Stations (WTSs) of
Ponta Grossa
The presence of cyanobacteria in raw water required larger doses of chemical products
such as coagulants and polymers (Table 1) in order to avoid their flotation; these larger doses
consequently elevated the cost of production and monitoring of water quality in the system (Di
Bernardo and Dantas, 2005; De Julio, et al., 2010).
Table 1. Monthly averages of the costs of several chemical products used in the WTSs of Ponta
Grossa during periods of no blooming (NB) and with blooming (WB) from August 2013 to August
2014.
Powdered activated carbon (kg)
Aluminum Polychlorite (kg)
Cationic polymer (kg)

Price (R$)

No blooming – NB (R$)

With blooming – WB (R$)

5.50
1.05
8.92

2,546.50
120,148.35
2,595.72

50,655.00
143,650.50
3,139.84

125,290.57

197,445.34

Total

During the study period, the two WTSs treated 950 L s-1, and the average run time for the
filters varied from 25.00 hours (NB) to 9.00 hours at the peak of blooming, thus raising rinsing
water consumption by 278% (SANEPAR, 2014). Some sub products of algae, such as geosmin
and 2-methylisoborneol (2-MIB), may produce undesirable tastes and odors (Di Bernardo and
Dantas, 2005), which may be minimized by the use of activated carbon, which also reduces
cyanotoxins. As a result, there was a 58% increase in spending for material due to the additional
consumption of activated carbon (1,889.2%), coagulant (19.6%), and polymer (21.0%), in
addition to increases in other costs such as the intensification of the water quality monitoring
process, especially in the counting of cyanobacteria and evaluation of cyanotoxins (saxitoxins
and microcystines). Finally, the blooming also affected other aspects, such as the rational reuse
water system of the WTSs. The water used to wash the filters is stored in a tank for its later
reintroduction into the treatment process; however, this activity may disseminate algae because
some species of cyanobacteria are capable of reproduction in closed environments and may
liberate cyanotoxins (Hrudey et al., 1999). In the case of the WTSs in Ponta Grossa, the
interruption of the water reintroduction results in an average loss of 50 L s-1, thus limiting its
availability during periods of high demand, such as in hot periods.
Other precautions may also be necessary in addition to the extra attention given to the
supply system. SANEPAR provides the hemodialysis unit of the Santa Casa de Misericórdia
Hospital in Ponta Grossa using subterranean water originating in a well. This avoids the
problem of blooming and prevents serious accidents resulting from the presence of cyanotoxins
in the water used for hemodialysis, such as what occurred in Caruaru-PE in 1996 (Hitzfeld et
al., 2000). Together, these aspects lead one to believe that an understanding of the phenomenon
of blooming is an essential part of environmental and economic sustainability in the water
treatment station.
3.3. Analysis of Water Quality by WQI
The blooming altered the quality of the water being treated (Table 1) during the months of
February through June. The WQI of the reservoir at R1, the junction of the Jotuba and Pitangui
Rivers, exhibited the best WQI (Water Quality Index) levels (Table 2), followed by R4, the
point near the water collection. The WQI of surface water was on average similar, considering
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the months in which samples were collected from all points, or slightly better than at a depth of
3 m and better than the reservoir bed, results that are compatible with the residues that are also
sampled. The WQI varied between 42, at the bottom of the reservoir (March of 2013) and 92 at
the juncture of the rivers (June of 2014). The worst case corresponds to the greatest number of
cyanobacteria observed (372,536 cells mL-1), as well as the transparency of 0.2 m, this property
being affected basically by two factors: algae and material in suspension. Other parameters that
caused the low WQI in the reservoir were COD, TP, and TN. The E. coli, considered in the
river WQI, remained below 1,000 NMP mL-1 for most of the study period, exhibiting better
WQIs at the point of junction between the Rivers Jotuba and Pitangui.
Table 2. Water quality index at the points R1 (junction of the Jotuba and Pitangui
Rivers) and R4 (point near the water intake for public supply) of the Alagados Reservoir
from August 2013 to August 2014.
Tributaries – R1
Date

Alagados Reservoir – R4

Junction of Jotuba and Pitangui rivers

Surface

3 meters

Floor

08/26/13
09/30/13
10/28/13
12/02/13
01/27/14
02/24/14
03/31/14
04/22/14
05/26/14
06/30/14
07/28/14
08/25/14

83
91
87
87
76
NC
83
NC
NC
92
90
87

85
85
83
88
75
46
44
56
55
80
80
83

80
86
82
87
73
NC
43
NC
NC
80
82
84

81
61
70
86
67
NC
42
NC
NC
63
76
76

General Average

90

72

82

72

NB Average

86

83

82

74

WB Average

88

56

62

53

NC – Not conducted due to the low water levels of the reservoir (access by boat was
impeded by the presence of tree trunks and sandbars).
Scale: 100 to 90 (excellent), 89 to 70 (good), 69 to 50 (normal) and 49 to 0 (poor)
(SANEPAR, 2014).

3.4. Evaluation of cyanobacteria blooming by PCA and HCA in relation to the
geographical, physical, chemical, and biological parameters of the reservoir
The number of cyanobacteria cells per mL of water of the reservoir was scaled according
to four classes, following Brazilian legislation (Table 3) in order to conduct a qualitative
exploration of the six geographical, nine chemical, four physical and three biological variables.
Table 3. Classes created in order to discriminate among cyanobacteria bloom intensities.
Class

Cianobacteria (cells mL-1)

Reference for decision

1 (gray*)
2 (red*)
3 (green*)

Up to 2.000
More than 2,000 to 20,000
More than 20,000 to 50,000

4 (pink*)

More than 50,000

WHO recommendation.
MPV by directive 2,914/2011 of the Ministry of Health.
MPV with reference to Class 2 Fresh Water, framework of
Resolution 357/2005 of CONAMA.
Value above the framework for Class 2 Fresh Water, Up to
100,000, framework for Class 3 Fresh Water according to
Resolution 357/2005 of CONAMA.

*Color of class illustrations in the corresponding figures.
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The qualitative exploratory evaluation by multivariate calibration (PCA) of cyanobacteria
required scaling. The variance, in order to be high, would require more than 10 components of
a total of 21. The s0804 database (Apr/08) exhibited atypical behavior, with NH3
(5.69 mg L-1), TP (1.66 mg L-1), RP (1.39 mg L-1) and turbidity (46.8 NTU) being much higher
than their respective averages, which were 0.31, 0.08, 0.04, and 11.96. This fact may be
attributed to the rain during the 24 hours that preceded collection, or else to some sampling
error. The PCA did not exhibit any discrepancy among the samples (Figure 5) without this body
of data, but it also did not reveal any subgroups with class grouping, which was confirmed by
the Hierarchical Clustering Analysis (HCA) dendrogram (figure not shown). This confirms the
complexity of the system in view of the present information and the necessity of further studies
in which the sampling frequency and analysis methodology must also be re-evaluated.
Some variables, such as climate conditions, rainfall index of the reservoir, and reservoir
water level, exhibit a compatible correlation. For example, more rainfall results in more
precipitation and consequently a raise in reservoir levels. Another example is the intimate
relationship between BOD and COD, since there is no affluent industry with inorganic
technology that justifies a different phenomenon. On the other hand, there were some
correlations that were not possible to justify based on current understanding, such as the
correlation between nitrite and E. coli, and both of these parameters with insolation; another
example is turbidity with ammonia, and both of these with DO.
The difficulties found in PCA and HCA statistical analysis may be due to the complexity
of the environmental process or changes in analysis methodology during the historical period
studied (2008 to 2014), which attempted to obtain lower detection limits, in addition to the
technical impossibility of sampling during each of the periods, such as during the dry season.
Thus, the physical-chemical and biological databases must be extended, and socioeconomic
factors involving soil usage and occupation, and technology employed in the area must be taken
into account. These data would aid in the construction of an overall picture and could be used
to predict the quantity and quality of the water in the Alagados reservoir, thus allowing the
establishment of guidelines for planning, environmental monitoring, nutrient input, and
sustainable usage.

A
Figure 5. (A) Scores and (B) loadings without the s0804 grouping, for the first three PCs.
Color key: Class I (gray), Class II (red), Class III (green) and Class IV (pink).
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4. CONCLUSION
The blooming of cyanobacteria in the Alagados Reservoir in Paraná, Brazil, has been
occurring yearly during the summer and autumn months. The potentially toxic
Cylindrospermopsis sp has been predominant. The quality of the water in the reservoir was
significantly worse between February and May of 2014, attributable to the decrease in
transparency (due to the presence of cyanobacteria and material in suspension), as well as to
the levels of chemical oxygen demand, total phosphorus, and total nitrogen. The low water level
in the reservoir and greater insolation temperatures (as a result of the low levels of rainfall in
the summer of 2014) were probably important factors involved in blooming. It was not possible
to correlate statistically the physical, chemical, and biological parameters with blooming due to
the ecological complexity of the process. Therefore, it is recommended that the study be
extended and exact and precise methodologies be used. In addition, it is recommended that
socioeconomic factors involving soil usage and the technology employed in the region be taken
into consideration.
The blooming negatively affected the water treatment process conducted by two
SANEPAR stations. Greater quantities of chemical products such as activated carbon (1,889%),
coagulant (19.6%), and polymer (21.0%) were needed to treat the water during the blooming
period, resulting in that these aspects alone caused a 58% increase in cost, as well as rendering
impossible the reuse of water during the process.
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ABSTRACT
Numerous pollution factors generate changes in water quality and in organisms that depend
on this resource, as they may contain substances with mutagenic, genotoxic and cytotoxic
properties that affect the genetic integrity of organisms. The Clarimundo Stream is located in
the city of Cerro Largo, Rio Grande do Sul, Brazil, from which it passes through an agricultural
area and crosses the city receiving discharges of untreated household waste. This work
evaluated the genotoxic potential of these waters through a bioassay with Allium cepa, usually
used in biomonitoring studies. Four water collections were conducted in each season and three
points were marked for the analyses. The Allium cepa bulbs were germinated for 72 hours, in
the proportion of three for each sample of collection points and three in distilled water for
control parameters. Subsequently, the roots were submitted to the Feulgen procedure with
modifications, for the preparation of the slides. The data were submitted to statistical analysis
by the Tukey test with reliability of 5%. The results showed chromosomal alterations and
Mitotic Index values suggesting that the water of Clarimundo Stream has the potential to cause
damage to the genome of eukaryotic organisms.
Keywords: allium cepa, environmental toxicity, mutagenicity.

Impacto de atividades antrópicas sobre células eucarióticas em teste
citotóxico
RESUMO
Inúmeros fatores de poluição geram alterações na qualidade da água e nos organismos que
dela dependem, visto que podem conter substâncias com propriedades mutagênicas,
genotóxicas e citotóxicas que afetam a integridade genética dos organismos. No município de
Cerro Largo – RS localiza-se o Arroio Clarimundo, que no seu fluxo passa por uma área agrícola
e atravessa a cidade recebendo descarga de resíduos domésticos não tratados. Este trabalho teve
como objetivo, avaliar o potencial genotóxico dessas águas por meio do bioensaio com Allium
cepa usualmente empregado em estudos de biomonitoramento. Para a realização das análises
foram feitas quatro coletas de água, em cada estação do ano e em três pontos demarcados. Os
bulbos de Allium cepa foram postos para germinar, durante 72 horas, na proporção de três para
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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cada amostra dos pontos de coleta e três em água destilada para parâmetro de controle.
Posteriormente, as raízes foram submetidas ao protocolo de Feulgen com modificações, para a
confecção das lâminas. Foram observadas alterações nos valores de Índice Mitótico e
Alterações Cromossômicas. Os dados obtidos foram submetidos a análise estatística pelo teste
de Tukey com confiabilidade de 5%. Os resultados sugerem que a água do Arroio Clarimundo
tem potencial para causar danos no genoma de organismos eucariotos.
Palavras-chave: alium cepa, mutagenicidade, toxicidade ambiental.

1. INTRODUCTION
Water courses are of great importance for ecosystems; they serve as a source of water and
food for various vertebrate species, supply underground reservoirs that supply water for human
consumption, and serve as habitats for various species of plants, vertebrates, micro -organisms
and macro invertebrates (Peron et al., 2009).
Contamination of watercourses is caused by anthropogenic actions, which usually
originate from agriculture, industrial and domestic waste not properly treated. All these factors
of contamination generate changes in water quality, affecting organisms that depend on it, as
they may contain substances with mutagenic, genotoxic and cytotoxic properties that affect the
genetic integrity of living beings. Therefore, according to Fox (1995), these pollutants not only
directly and indirectly affect individual organisms in toxicological terms, but also have effects
on communities and ecosystems.
Since the 1970s, bioassays with higher plants have been recommended for the evaluation,
monitoring and detection of genotoxic potential in the environment (Grant, 1999). Plant cells
mostly have enzymes necessary for the activation and metabolization of promutagenic
compounds and polycyclic aromatic hydrocarbons (PAHs), as is the case with the meristematic
cells of the roots of Allium cepa.
Conforming to Arraes and Longhin (2012) the exclusive use of chemical and physical
analyzes presents disadvantages in relation to the responses of the Bioindicators of
environmental degradation, since these results show only the momentary record of the aquatic
biota. Therefore, when carried out far from the polluting source and without correlation with
living organisms, chemical measurements fail to detect subtle disturbances in the ecosystem
(Buss et al., 2003).
The Allium cepa test is commonly accepted and used in laboratories around the world for
the analysis of various substances and their possible mutagenic potential. This test evaluates
the frequency of chromosomal aberrations and breaks indicating risks of aneuploidies and
providing important information regarding the evaluation of environmental samples (Rank and
Nielsen, 1993).
Many researchers have verified the mutagenic potential of water bodies through the Allium
cepa test. Oliveira et al. (2011) analyzed the waters of the Paraíba do Sul-Tremembé-SP River,
and Peron et al. (2009) analyzed the waters of the Rio Pirapó-Apucarana-Pr.
The Clarimundo Stream, chosen for this study, is located in the municipality of Cerro
Largo - RS in Brazil, which at its source receives discharge of industrial waste. It then passes
through an agricultural area crossing the city from one end to another, receiving directly the
household waste of a large part of the population, since the small town does not have a waste
treatment center. The region where this stream is located is predominantly of family agriculture
that has as a common factor the use of many fertilizers and agrochemicals, which highlights the
importance of environmental biomonitoring.
In this way, the present study proposed a qualitative analysis of the genotoxic potential of
the water of the Clarimundo Stream, using the Allium cepa test to analyze the chromosomal
alterations, the mitotic index. Finally, a statistical test was applied to analyze the data collected.
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2. MATERIAL AND METHODS
The Clarimundo Stream is located in the small town of Cerro Largo, in the state of Rio
Grande do Sul, Brazil (Figure 1), latitude 28°08'49" south, longitude 54°44'17" west and
211 meters above sea level. The stream suffers high pressure of anthropic factors, since at its
head (P1) there are large agricultural areas with declivity towards the river, then in the
mediations of the urban zone. There are also the presence of the food sector industries (P2),
which discharge their previously treated waste in the river, but there is no information that these
treatments are carried out properly. Moreover, in the urban perimeter (P3), the stream crosses
the city receiving directly untreated domestic effluent, since the small town does not have a
treatment center for sewage.

Figure 1. Location of the Clarimundo Stream with the three sample collection points.

The samples were collected in the four seasons of the year (summer, autumn, winter and
spring) in three points of the Clarimundo Stream, determined as: (P1) source, before the arable
areas; (P2) downstream from the city, just past the agricultural and industrial areas; (P3)
upstream from the city, after crossing the urban area. The stream is characterized as having
shallow water not exceeding 1.50 m in depth. The samples were collected with 2-liter PET
bottles at a depth of 0.5 m. The water samples were taken to the Genetic Laboratory of the
Federal University of the South Frontier - Campus Cerro Largo - RS (UFFS) and stored in
refrigeration until the tests were conducted.
In this study, the Allium cepa test was used as an experimental model, which is able to
indicate the presence of genotoxic agents in liquid through cellular and nuclear alterations. The
Allium cepa bulbs were exposed to the water samples collected from each point and the control
in distilled water for 72 hours, and then the roots were removed with the hood to a size of
approximately 2 cm in length. The entire test series were performed in triplicate, which means
that occurred three repetitions of each series in all the seasons.
The root meristems were collected and conditioned for a period of 24 hours in microtubes,
Ependorf® type, containing Carnoy (3: etanol/1: acetic acid) fixative. Subsequently, the roots
were washed in distilled water and stored in 70% alcohol under refrigeration until the slides
were made.
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Five slides (corresponding to five roots of each bulb) were made per sampling point in
each test series. The protocol used for the production of the slides was the Feulgen with
modifications, where the roots were subjected to acid hydrolysis with HCL 1N. Then, they were
immersed in Schiff's reagent (Feulgen protocol), and washed in sulfur water, and finally
discarding the smooth region of the roots, only the root cap was stained with acetic Orcein 2%
and closed with the cover slip.
The study observed 1000 cells per slide in Optical Microscopy Olympus® CX31 counting
mitotic divisions and chromosomal damage. The data were submitted to ANOVA statistical
analysis, applying the Tukey test, using the Assistat software, in order to verify the relationship
between factors, sample collection points and season of the year and if there were a significant
difference between the control and points.

3. RESULTS AND DISCUSSION
According to Table 1, the pH of the samples collected at the collection points show few
changes in the four seasons of the year.
Table 1. Ph value on three points collected in respective
seasons of the year.

Winter
Summer
Autumn
Spring

P1

P2

P3

6.25
6.42
6.25
6.07

6.50
6.76
6.50
6.23

6.70
6.90
6.70
6.49

Bremm and Mayer (2012), in studies at the same points evaluated here, show that Point 3
did not meet the standards recommended by the legislation in relation of the organic matter
(2.95 mg / L); Dissolved oxygen (5.87 mg O2 / L); BOD (5.49 mg O2 / L); COD
(19.66 mg O2 / L); (88000 NMP / 100mL) and total coliforms (160000 NMP / 100mL). These
are indicative values of an impacted environment, which corroborates our results regarding the
damages found in the cells.
The Mitotic Index (MI) (Table 2) was calculated according to the Equation 1:
𝑀𝐼 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛 𝑑𝑖𝑣𝑖𝑠𝑖𝑜𝑛 / 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑥 100

(1)

It can be observed that the MI of the treatments was lower than the obtained in the control.
These results were repeated in the data collected in all other seasons.
Table 2. Values of the Mitotic Indexes with the respective seasons
and sample collection points.
Mitotic Index % (IM)

P1
P2
P3
C

Spring

Summer

Autumn

Winter

4.5
5.5
2.1
9.0

6.7
5.5
5.6
9.0

5.1
5.3
4.1
9.0

5.2
5.4
5.5
9.0

The result of the statistical test indicated that the factors, sample collection points (Table
2) and seasons (Table 3 and Table 4) did not interact significantly. Sampling points 1, 2 and 3
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5

Impact of anthropic activities on eukaryotic cells …

had a significant difference at the 0.01% probability level in relation to the control. Among the
seasons, there was a significant difference at the 0.05% level, only between spring and winter,
since summer and autumn did not differ significantly. We can infer that the statistical difference
observed between the seasons is due to the adverse weather, where the respective seasons had
low levels of rainfall precipitation, increasing the concentration of pollutants in the river.
Table 3. Averages of Factor 1
(sample
collection
point),
followed by distinct letters in the
column differ statistically from
each other by the Tukey test at
0.01% probability level.

P1
P2
P3
C

49.50000
47.25000
42.16667
91.00000

b
b
b
a

Table 4. Averages of the Factor
2 (seasons of the year) followed
by letters in the column differ
statistically from each other by
the Tukey test at 0.05%
probability level.

Sp
Su
A
W

50.66667
60.50000
56.08333
62.66667

b
ab
ab
a

In the analysis of the slide cells were identified the presence of chromosomal damage
when compared with normal cells in mitosis. The most frequent damages identified were
stickiness, anaphase bridges, micronuclei, anaphase delay, malformed nuclei and c-mitoses
(Figure 2 and Figure 3).
Data observed in the spring, summer, autumn and winter seasons, respectively, showed
that the number of cells in cell division of the roots submitted to treatments were below the
control samples. These data suggest that the water of the stream has components which interfere
in the mitotic processes of the meristematic cells of the roots of Allium cepa. The records from
Oliveira et al. (2011), who analyzed the waters of the Paraíba do Sul River, and also presented
results similar found in this study.
Whether we compare the M.I. (Table 1) with the four seasonal seasons, we can observe
that in the spring the number of cells in mitotic division was smaller than the other seasons. It
is important to emphasize that at the period of collection there was still a dairy industry activity
in the town localized near to P1. This suggests that products present in the collected water
interfered in the cell cycle. Our evidences corroborate the data that also found in the work of
Barberio et al. (2009).
The results obtained in the summer sample (Table 1) show higher M.I. in relation to the
other stations. The variation found in the seasonality is a factor that can significantly influence
the frequency of genetic damage and M.I., besides promoting physiological changes in exposed
organisms. This variation may be due to changes caused by the level of pollution at a certain
spot (Ruiz et al., 1992; Hayashi et al., 1998).
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Figure 2. Chromosomal alterations found in the cells of
roots submitted to the water from the Clarimundo Stream;
A) anaphase bridges; B) c-mitosis; C) malformed nuclei;
D) micronuclei. M.O 100X- scale bar 50μm.

Figure 3. Chromosomal alterations found in the root cells
submitted to the water from the Clarimundo Stream: A)
micronucleus; B) irregular metaphase; C) loss of
chromosomes; D) stickiness. M.O 100X- scale bar 50μm.

Agreeing with Cézar et al. (1997), one can determine the time and concentrations at which
the chemical agent or pollutant is potentially harmful in living organisms. If the concentration
Rev. Ambient. Água vol. 13 n. 3, e2107 - Taubaté 2018

Impact of anthropic activities on eukaryotic cells …

7

of the product is low or the time of contact is insufficient the effect may not be adverse, and
high concentrations may have detrimental effects at extremely short exposure times (Carniato
et al., 2007) whereas small concentrations generally produce chronic, sublethal and even lethal
effects during long periods of exposure.
The results suggest that although there were variation between the different stations in the
various treatments. There is a constant difference in the presence of chromosomal alterations
when compared to the control, which reports that during the whole evaluation time the altered
the cell cycle and genetic events.
The study does not aim to identify which substances in the water could have caused the
differences in the cell cycle of the roots exposed to the treatments. However, according to
Cazenave et al. (2009), anthropogenic activities are key factors in increasing levels of aquatic
contaminants, and it is possible to detect a variety of persistent chemical compounds that have
mutagenic and clastogenic properties.
It can be inferred that, because it is an agricultural region, with intense use of pesticides,
the presence of these components in the water is quite probable.
The impact of each pesticide on soil biota varies according to the characteristics of the
product, the physical characteristics of the environment and the type of microflora associated.
The half-life of pesticides in the soil and the risk of contamination of the water table also depend
on the interaction of these different factors and the pathways of degradation of the pesticide
(Grisolia, 2005).
In relation to water, although agriculture is only one of the numerous non-point sources of
pollution, it is generally pointed out as the largest contributor to all categories of pollutants
(Ongley, 1996; Bakore et al., 2004; Potter et al., 2007).
Once in the water, depending on the physicochemical characteristics, the residue of the
pesticide can bind either to suspended particulate matter or in the sediment of the bottom or still
be absorbed by the organisms. When absorbed, they may be detoxified or accumulated and, in
the latter case, enter the food chain, reaching man and eukaryotic organisms (Nimmo 1985,
Zhou et al., 2006).
The effects derived from the action of pesticides can be diverse, such as direct reaction
with nuclear DNA, incorporation into DNA during cell replication, interference in mitotic or
meiotic cell division, resulting in incorrect cell divisions (Fernandes et al., 2007). Therefore, it
is possible that Clarimundo Stream is being used as a place for depositing pesticide residues,
and the results obtained in this study express the action of these components in the meristematic
cells of the Allium cepa bulbs. However, in order to ensure that these components are
responsible for the cytotoxic and clastogenic effects, an accurate study of the chemical quality
of the water is required.
Genotoxicity can be assessed by chromosomal changes, resulting in anomalies in
chromosomes, such as stickiness, micronuclei, chromosomal bridges and nucleus deformations
(Fiskesjö, 1985). The first mechanism of action of genotoxic agents is to promote DNA lesions
(Oliveira et al., 2011) and, according to Majer et al. (2005), these alterations can provoke an
attempt to repair that is not always successful, causing the changes to become irreversible,
which can lead to cell death.
In the genotoxic analysis, the chromosomal changes observed were anaphase bridges,
stickiness, nucleus deformations, loss of chromosomes, micronuclei and multipolarity (Figure
2 and 3).
The action of genotoxic agents promotes lesions in the DNA (oxidation and dimerization,
adducts of DNA among others). Damages as Micronucleus (MN), anaphase bridges, found in
this study, are indicative of the presence of clastogenic substances in the samples tested. Other
findings in this study were stickiness (Figure 3D), which is determined by faults in the
disjunction process indicating the presence of aneugenic substances, which interfere in the
Rev. Ambient. Água vol. 13 n. 3, e2107 - Taubaté 2018
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formation of the achromatic spindle. The events of c-mitoses (Figure 2B) originate when there
is inactivation of the spindle so that the chromosomes are dispersed in the cell. Many chemicals
such as pesticides can promote these events.
According to Leme and Marin-Morales (2009), the chromosomal abnormalities of
meristematic cells of Allium cepa, are efficient parameters for the investigation of genotoxicity.
It is worth noting that studies with this biological model show that toxicity is not always
correlated with genotoxicity, because changes related to root growth and M.I are indicative
parameters of cytotoxicity. On the other hand, changes such as chromosomal abnormalities
(stickiness, micronuclei, chromosomal bridges, among others) indicate genotoxicity (Friskesjö,
1985).
As the stream runs through an agricultural area and an urban area, it can be inferred that
the most likely contaminants are of agricultural origin and household waste.
Generally, genotoxicity is related to environmental pollution events, and since all living
beings interact with the environment they will be influenced externally, causing changes in the
genetic material of their organisms. In this way, we can suggest that organisms, dwellers or
users of this stream, are exposed to genotoxic damage (Minissi and Lombi, 1997; Pascalicchio,
2002; Matsumoto et al., 2006; Klauck et al., 2013).

4. CONCLUSION
Considering the results obtained through the analyzes of the water of the water body, we
can conclude that, in the different seasons, the waters of the three sample collection points of
the stream presented genotoxic and cytotoxic potential for eukaryotic cells. These events
suggest solid evidence of the presence of aneugenic and clastogenic toxic substances that
interfere in the processes of cell division and in the genetic material of the organisms present
in this ecosystem.
Due to the importance of conserving natural resources, we can propose that, for this stream,
it is necessary to establish biomonitoring programs, in order to assist and contribute to
management and protection actions.
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ABSTRACT
The golden mussel (Limnoperna fortunei) and Corbicula fluminea are considered wellestablished invasive species in the rivers of Brazil and South America. In addition to the
environmental problems resulting from this invasion process, the economic issue, especially in
hydroelectric dams, is very worrisome and has mobilized several types of studies on these
invasive bivalves. The detection and identification of these organisms in their adult phase in the
rivers is not a problem; however, the identification of bivalve larvae by usual morphological
methods is difficult due to high similarity conserved in these stages. The use of PCR-RFLP has
proven to be an efficient and agile molecular method that allowed the detection of different
patterns in the agarose gel for the two bivalves tested. The gel pattern showed a 100 bp band
for L. fortunei not detected for C. fluminea. Thus, it is possible to detect larvae of these species
from water samples, which can be a powerful tool for environmental monitoring programs on
aquatic invasive species.
Keywords: asia clam, golden mussel, larvae, molecular identification.

Determinação do padrão RFLP para os bivalves invasores Limnoperna
fortunei (Dunker, 1857) e Corbicula fluminea (Muller, 1774)
RESUMO
O mexilhão dourado (Limnoperna fortunei) e Corbicula fluminea são espécies invasoras
consideradas bem estabelecidas nos rios do Brasil e da América do Sul. Além dos problemas
ambientais resultantes deste processo de invasão, a questão econômica, especialmente nas
hidrelétricas, é muito preocupante e mobilizou vários tipos de estudos sobre esses bivalves. A
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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detecção e identificação desses organismos em sua fase adulta nos rios não são um problema,
no entanto, a identificação de larvas de bivalves por métodos morfológicos habituais é difícil
devido à similaridade extremamente conservada nestes estágios. O uso do PCR-RFLP se
mostrou como um método molecular eficiente e ágil que permitiu a detecção de padrões
diferentes no gel de agarose para os dois bivalves testados. O padrão do gel mostrou uma banda
de 100 pb para L. fortunei que não foi detectado para C. fluminea. Desta forma com o uso de
amostras de água é possível detectar os dois moluscos, o que pode ser uma ferramenta poderosa
para programas de monitoramento ambiental em espécies aquáticas invasoras.
Palavras-chave: amêijoa asiática, identificação molecular, larvas, mexilhão dourado.

1. INTRODUCTION
Limnoperna fortunei (Dunker, 1857), or golden mussel, is a bivalve native to the Southeast
of Asia. This specie was introduced in South America in the early 1990s when Mercosur’s (the
economic bloc from South America) business with South Korea and China was rising. The
most-accepted hypothesis is that it entered along the coast of Argentina through ships’ ballast
water (Darrigran, 1995) with the first record in the Rio de la Plata/Argentina (Pastorino et al.,
1993). Nowadays it is found in several regions of South America (Darrigran and Mansur 2006).
Another freshwater invasive bivalve is the Corbicula fluminea (Muller, 1774), or Asian
clam, a Southeast Asia native species, which had its first American record in the USA by (Burch
1944 apud Mansur and Garces, 1988). Its arrival in South America occurred in the mid-60s and
70s, first recorded in the Rio de la Plata/Argentina estuary (Ituarte, 1981). VeitenheimerMendes (1981) recorded for the first time the presence of C. fluminea in Brazil, and since then
several works showed its dispersion in the South (Mansur and Garces, 1988), Southeast (Avelar,
1999), Central-West (Callil and Mansur, 2002) and North (Beasley et al., 2003) regions of the
country.
Among the various environmental problems in Brazil the presence of invasive species,
which impact the environment, suppress native species and cause economic losses, are the most
prominent. Limnoperna fortunei has caused several economic problems in hydroelectric plants
and imbalance in the relationships between native fauna and flora (Brugnoli et al., 2005; Pejchar
and Mooney, 2009) and C. fluminea is easily found in hydroelectric reservoirs throughout the
country (Mansur et al., 2004a). Both are dioecious, with external fertilization and indirect
development. The larvae consist of one of the main forms of dispersion of these organisms and
reach a high adaptability success in the invaded environment due to their great density at the
time of dispersion and the lack of specialized predators and parasites as adults (Darrigran and
Mansur, 2006).
Bivalve larvae become a major problem when it comes to the identification of these
organisms due to the difficulty of morphological distinction in microscopy analysis (Ludwig et
al., 2014) at the most crucial moment for the management of invasive species during the early
stages of colonization (Pie et al., 2017). Generally, optical identification techniques do not work
with most bivalve larvae, since the specific characters appear only in the later stages of
development or are visible only on a microscopic level (Garland and Zimmer, 2002).
Individuals have several diagnostic features only present during the adult phase; however,
in some cases, morphological features, intuitively used for diagnosis, such as shell coloration,
variations in shape and structure, muscle insertions scars, can be highly influenced by
environmental factors (Pie et al., 2006a). The advent of molecular markers brings us powerful
new tools to correctly identify individuals or groups that present a controversial morphological
diagnosis at any stage of their development, being a notable instrument in systematics.
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Molecular methods for detection of golden mussel were proposed using specific primers (Pie
et al., 2006b), but they are restricted to binary responses (Pie et al., 2017), whereas technologies
employing Real Time PCR (Endo et al., 2009; Pie et al., 2017) perform a quantification of
larvae by indirect means, increasing the time and cost of execution. The same applies to the
methodology used for the detection of Corbicula sp. (Ludwig et al., 2014) with the use of groupspecific primers but which are not able to distinguish species.
The RFLP (Restriction Fragment Length Polymorphism) is a molecular method that has
been successfully used to differentiate larvae of several mussel species such as the Pacific
oyster, Crassostrea gigas, from the Portuguese oyster, Crassostrea angulata (Boudry et al.,
1998). Pie et al. (2006a) also uses the same technique in his work to discriminate three species
of oysters of the genus Crassostrea, grown on the Brazilian coast. Further, the RFLP assay was
employed to determine the hemispheric origin of Mytilus galloprovincialis (Westfall et al.,
2010).
The current work aims to use the RFLP technique to discriminate Corbicula fluminea and
Limnoperna fortunei, the predominant mollusk invaders in South America (Ludwig et al.,
2014), that can occur sympatrically causing ecological and economic damages. These species
are morphologically distinct, but have in their larval stage a fundamental tool for identification
of new invasions, complicated due to morphological differentiation.

2. MATERIALS AND METHODS
2.1. Samples collection
Adult specimens of each species were collected, placed in ethanol 70% and stored at 20°C. Table 1 shows the origin and collection points of the bivalves involved in this work.
Limnopena fortunei was collected manually in the Rio Grande and C. fluminea by dragged
sandbank in the mouth of Urucuia river.
Table 1. Collection points for each of the species used in this work.
Samples

Location

Coordinates

Corbicula fluminea

Foz do Rio Urucuia, São Romão,
Minas Gerais - 15/01/2015

16°10'17.0" S, 45°32'20.0" W

Limnoperna fortunei
(golden mussel)

Volta Grande hydroelectric dam,
Miguelópolis, Minas Gerais

20°01'49" S, 48°12'59" W

All the collected bivalves were deposited in the collection of the Museum of Zoology of
the Federal University of São Paulo.
2.2. DNA extraction
Following the material identification, separation of the foot and parts of the mantle was
performed for DNA extraction. Scalpel blades were changed and tweezers were sterilized
between specimens. For DNA extraction, the manufacturer's recommendations (InvitrogenⓇ)
were followed. The tissues were digested for 3,5 hours in a dry bath at 55°C and then subjected
to the extraction protocol as instructed by the kit.
2.3. PCR
PCR was performed using universal primers for the gene sequence of the 18S ribosomal
cytoplasmic
RNA
used
by
Ludwig
et
al.
(2011).
Primer
Forward:
5'-GCCCTATCAACTTACGATGGTA-3'
and
primer
Reverse:
5'-GATCGTCTTCGAACCTCTG-3'. The program used was: 94°C for 4 minutes; 32 cycles of
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94°C for 30 seconds, 70ºC for 1,5 minutes, 70°C for 1 minute and extension at 70°C for 3
minutes extras. 100 ng of the extracted DNA, 0.05 U μL-1 of Platinum Taq DNA
(ThermoFisher), 0.02 of μM primers were used for the reaction; 4 mM MgCl2; 0.04 mM of
dNTP was added for a final reaction of 20 μL, with the volume adjusted with nuclease-free
water. 1% agarose gel electrophoresis was performed.
2.4. Sequencing
The samples were sequenced by capillary electrophoresis in ABI3130 apparatus using
POP7 polymer and BigDye v3.1, performed by Myleus Biotechnology (www.myleus.com).
The comparison and confirmation of the sequences obtained were performed through the Basic
Local
Alignment
Search
(BLAST)
program,
available
at
https://blast.ncbi.nlm.nih.gov/Blast.cgi) and was deposited in GenBank (identified by codes:
Limnoperna fortunei: MG674670 and Corbicula fluminea: MG674669) of the National Center
for Biotechnology Information (NCBI). The sequences were aligned and analyzed in the
BioEdit program (available at: http://www.mbio.ncsu.edu/bioedit/bioedit.html).
2.5. Enzyme digestion
The restriction enzyme DdeI used to generate the RFLP standard was chosen according to
the
standards
generated
by
the
NEBcutter
software
(available
at:
http://nc2.neb.com/NEBcutter2/). The restriction digestion of the PCR products occurred at
37°C for 2 hours in a total volume of 10 μl (7 μl of PCR product, 10 U μL-1 of DdeI [Promega]
in 1X Buffer 10 mM Tris-HCl [PH 7.4], 50 mM NaCl, 0.1 mM EDTA, 1mM DTT,
0.5 mg mL-1 BSA, 0.01% Triton® X-100 and 50% glycerol [Promega]). The electrophoresis
with the digested fragments was performed on a 1% agarose gel.

3. RESULTS AND DISCUSSION
The amplification of the 18S rRNA gene for invasive bivalves with about 700 base pairs
(bp) is shown in Figure 1. The pattern of bands generated by the enzymatic digestion created
distinct profiles among the species under study (Figure 2); for L. fortunei a band of ~100 bp is
observed (Figure 2, lane 2) nonexistent for C. fluminea (Figure 2, lane 3). The observed pattern
was the same for all replicates (L. fortunei, n = 14; C. fluminea, n = 11), which shows that the
PCR-RFLP protocol described here can be applied for discrimination between invasive bivalve
species. In addition, the results found for L. fortunei (n = 15) samples, which were collected at
2000 km to the North, and for C. fluminea (n = 13), collected at 780 km to the East of the
original collection points, were identical, indicating that this method can be applied in other
regions of Brazil.
The RFLP assay is quite robust and rapid for distinguishing larvae from L. fortunei and C.
fluminea by performing only one detection test. The advantage of this method compared with
the use of specific markers and Real Time PCR is to show a standard in agarose gel for the
golden mussel, and in the absence of this we can confirm the presence of Asian clam. Due to
the high genetic similarity between the other representatives of different species of Corbicula
(Sousa et al., 2007), it would be hard to differentiate them among other species such as C.
largillierti or C. fluminlais, for example (Ludwing et al., 2014). However, C.fluminea is a model
organism for this study due to its vast dispersion (McMahon, 2000; Prezant and Chalermwat,
1984) and a massive expansion in sandy rivers (Hakenkamp and Palmer, 1999) like many spots
in the São Francisco river basin, one of the most hydroelectric-potential rivers in Brazil.
Standardizing a new form of fast and accurate detection of an invasive bivalve with the potential
for ecological and economic damages such as L. fortunei is a tool of paramount importance in
the work of state agencies or their contractors that manage hydroelectric power plants. This test
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will be useful to monitor the introduction and possible dispersion of these bivalves in Brazil
and South America, either by inlays in ship hulls, presence in ballast water or due to the
aquaculture (Mansur et al., 2004b).
Considering the issue of biological invasions, it was suggested that work be done on
prevention, an efficient alert system, a rapid response, and afterward work on invasion
management (European Commission, 2013). Although easily distinguishable in adulthood,
there is a difficulty, based on traditional morphological methods, to accurately differentiate the
larvae of L. fortunei and C. fluminea (Ludwig et al., 2014). Thus, a rapid identification, whether
of adult organism and/or its larvae, becomes necessary to identify newly invaded environments.
The PCR-RFLP method is an assay that fulfills all these requirements. It is also a low-cost
method which has the possibility of obtaining satisfactory results without the cost of sequencing
the samples (Marescaux and Van Doninck, 2013).

Figure 1. Amplification of
18S rRNA gene for
invasive bivalves. Lane 1:
1 Kb Plus DNA Ladder
(Thermo Scientific); lanes
2 and 3: 18S rRNA gene
from L. fortunei and C.
fluminea,
respectively;
lane 4: negative control of
the reaction with the
absence of DNA.

Rev. Ambient. Água vol. 13 n. 3, e2172 - Taubaté 2018

6

Renato Brito de Oliveira Junior et al.

Figure 2. RFLP
pattern for invasive
bivalves. Lane 1: 100
bp Plus DNA Ladder
RTU (Avati); lane 2:
L. fortunei standard,
evidencing the band
of
100
bp,
nonexistent for C.
fluminea; lane 3:
RFLP standard for C.
fluminea.

4. CONCLUSIONS
This work showed that the PCR-RFLP can be used as a simple and rapid method to detect
larvae of the golden mussel and species of Asian Clam, especially in samples with presence of
larvae detected in morphological analyses. The clear RFLP pattern presented can help to
confirm these invaders in watersheds, especially in environments with hydroelectric units.
However, we recommend using the Ludwig et al. (2014) test if a 100 bp band is found in the
PCR-RFLR tests and there is a need to confirm the presence of the Asian Clam.
New studies should also be conducted to assess the potential risks of these biological
invasions (Pie et al., 2006a, Marescaux and Van Doninck, 2013), and reiterate that regardless
of the choice, differents methods should be used for detection these mussels with the intention
of getting more robust results in monitoring.
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ABSTRACT
This study sought to identify and spatialize the risk of transmission of Manson’s
schistosomiasis at localities in Pernambuco, Brazil that are used for tourist leisure activities and
have freshwater environments that are inhabited by the snail that transmits this disease. In order
to accomplish this, malacological surveys were conducted at the selected localities between
May and December 2016, in order to identify and georeference the breeding sites and foci of
schistosomiasis-transmitting mollusks of the genus Biomphalaria. The essential abiotic data for
mollusk survival were evaluated at each breeding site: temperature, water pH and total
dissolved solids (TDS). Data relating to breeding site quality were also recorded. The SPSS 20
software was used to analyze these data, and the chi-square test was applied to investigate
associations between variables, taking a p-value ≤ 0.5. Based on geographic coordinates, maps
representing the distribution of breeding sites and foci, mollusk species found and numbers of
mollusks sampled in each water body were created. ArcGIS 10.4 software was used to build
thematic maps using the interpolation technique of inverse distance weighting (IDW). A total
of 72 localities distributed among 44 municipalities located in the Metropolitan, Zona da Mata
and Agreste regions of Pernambuco were investigated. At these, 26 reservoirs, 32 breeding sites
and 10 foci of schistosomiasis intermediate hosts were found. The study identified and located
problematic localities that are visited by special groups that through exposure to unhealthy
environments are subject to infection by the parasite S. mansoni.
Keywords: environment, GIS, monitoring, schistosomiasis.

Ambientes turísticos insalubres e transmissão da esquistossomose em
Pernambuco, Brasil
RESUMO
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

2

Constança Simões Barbosa et al.

O presente estudo teve como objetivo identificar e espacializar o risco para transmissão da
esquistossomose mansoni em localidades pernambucanas com ambientes aquáticos
dulciaquícolas para a prática do turismo de lazer, onde existe a presença do caramujo
transmissor da esquistossomose mansoni. Para isso foram realizados inquéritos malacológicos
entre maio a dezembro de 2016 para identificar e georreferenciar os criadouros/focos de
moluscos do gênero Biomphalaria, transmissores da esquistossomose. Em cada criadouro
foram aferidos os dados abióticos essenciais para a sobrevivência dos moluscos: temperatura,
pH da água e sólidos totais dissolvidos (TDS). Foram também registrados os dados relativos
à qualidade do criadouro. Para análise desses dados foi utilizado o programa SPSS 20, e foi
aplicado o teste qui-quadrado para verificar a associação entre as variáveis, considerando p-valor
≤0,5. Com base nas coordenadas geográficas foram criados mapas da distribuição dos criadouros
e focos, das espécies de moluscos encontrados e do número de moluscos coletados em cada
coleção hídrica. Foi utilizado o programa ArcGIS 10.4. para construção de mapas temáticos
usando a técnica de interpolação do Inverso da potência das distâncias (IDW). Foram
investigadas 72 localidades distribuídas em 44 municípios localizados na Região
Metropolitana, Zona da Mata e Agreste Pernambucano e nelas foram encontrados 26
reservatórios, 32 criadouros dos moluscos vetores e 10 focos de transmissão da
esquistossomose. O presente estudo identificou e localizou com precisão localidades
problemáticas e frequentadas por grupos especiais que, mediante exposição a ambientes
insalubres, estão sujeitos à infecção pelo parasita Schistosoma mansoni.
Palavras-chave: esquistossomose, GIS, meio ambiente, monitoramento.

1. INTRODUCTION
Ecological tourism attracts nature lovers who choose leisure activities related to nature that
offer accommodations and additional services. The Travelers’ Health Guidelines studied
people’s movements and their interactions with various environments, in order to identify the
risks to which tourists are exposed so that the tourists’ health may be protected during their
travels. Pre-trip vaccination is among the recommendations for tourists who come to Brazil.
There are websites that provide information about preventive actions that aim to protect
travelers and reduce the risk of epidemics (Brasil, 2005). However, movement of people is not
an activity that is limited to tourism: it also includes migrant or refugee groups. Moreover, it
must be borne in mind that, for some diseases, there is still no specific vaccination.
Locally, weekend recreational activities and second-home refuges need to be taken into
account. The populations involved in such activities live close to natural tourist resources and
are more exposed to unhealthy environments than are travelers who are just passing through.
The Travelers’ Health Guidelines need to acknowledge this diversity and healthcare services
need to expand their differentiated action strategies in order to meet this challenge (Matos e
Barcellos, 2010).
The state of Pernambuco presents a mild climate throughout the year and has a large
network of natural water accumulations consisting of rivers and waterfalls that are attractive for
water-related leisure activities. In this context, rural and coastal accommodation structures,
inns, fish-and-pay establishments, resorts and travel agencies offer countless options for
freshwater sports or leisure activities. Farm owners and urban entrepreneurs have been
encouraged to diversify their activities through investing in structures for this type of recreation
without proper attention to basic sanitation infrastructure that would provide health safety for
freshwater leisure activities. Growth of the tourism industry contributes to the economic and
social development of the state by attracting visitors. However, landscapes with natural water
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resources are becoming modified, and this is leading to serious damage to the environment
(Agência Nacional de Águas, 2005).
Manson’s schistosomiasis is a waterborne disease for which the etiological agent is the
parasite Schistosoma mansoni. Its intermediate hosts are freshwater snails belonging to the
genus Biomphalaria When parasitized individuals dispose of their feces, which includes the
parasite’s eggs, in water collection systems inhabited by these snails, these animals become
infected with the Schistosoma miracidium and start transmitting the disease to other people who
come into contact with these polluted waters.
In Pernambuco, schistosomiasis started as an endemic disease in the rural area of the Zona
da Mata region, and now the foci are spread throughout the coast. It causes high rates of human
infection, maintenance of acute and severe clinical forms and a significant number of deaths
(Barbosa et al., 2016). A recent survey indicated 119 localities in Pernambuco where over 15%
of the population is parasitized and 97.5% of houses do not have sewage collection or treatment.
This exposes 152,865 people to the risk of infection by S. mansoni (Saucha et al., 2015).
Poor sanitation conditions at localities that are endemic for schistosomiasis contribute to
the spread of cases, with severe illness and deaths due to this disease. The relationship between
the environment and lack of basic sanitation determines occurrences of waterborne diseases.
Social groups that live in areas that lack sanitation services are subject to potentially greater
adverse effects to their own health if they pollute freshwater accumulations where disease
vectors proliferate.
Sewage discharge into rivers, ponds and peridomestic ditches creates unhealthy
environments that favor transmission of parasitic diseases. Examples of this include the severe
schistosomiasis outbreaks that occurred in the metropolitan areas of Belo Horizonte, Minas
Gerais, Recife, Pernambuco (Barbosa et al., 2011) and Aracaju, Sergipe (de Jesus et al., 2002),
and in the interior of the state of São Paulo. Recently, in the Chapada Diamantina region
(Bahia), 32 tourists became infected after swimming in a local pond. Thus, in resorts and parks,
travelers become susceptible to this parasitic disease when exposed to water contaminated with
fecal material.
The term “environmental risk” refers to situations that present a risk relating to what
surrounds the individual, which may be the natural environment (natural risk) or a man-made
environment (social and technological risk) resulting from human actions and occupation of
territory (Dagnino e Carpi, 2007).
Travelers who are exposed to this environmental risk and who become infected by S.
mansoni develop the acute form of the disease, if there has been no previous contact between
the individual and this parasite. However, the acute infection is self-limited and so these
travelers may return home without presenting typical signs of infection. Timely treatment of
the disease is thus delayed, which contributes towards its spread into disease-free areas, given
that travelers move between endemic and non-endemic areas (Barreto et al., 2016).
This study sought to identify and spatialize the risk of transmission of Manson’s
schistosomiasis at localities in Pernambuco that are inhabited by the snail that transmits this
disease and that have freshwater environments used for tourism.

2. MATERIAL AND METHODS
Localities in municipalities in the Agreste and Zona da Mata regions and in the
Metropolitan Region of Recife were selected using the Rural Tourism Guidelines of
Pernambuco and accommodation websites for this state.
Malacological surveys were conducted at these selected localities between May and
December 2016 and were made with appropriate tools, like forceps, according to the depth of
the water collection, following the method developed by Olivier and Schneiderman (1956), in
Rev. Ambient. Água vol. 13 n. 3, e2151 - Taubaté 2018
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order to identify and georeference (using the Garmin eTrex® 20 GPS) breeding sites (reservoirs
with intermediate host snails) of Biomphalaria and foci (breeding sites with infected mollusks)
of schistosomiasis transmission. Intermediate hosts were sampled and sent to the
Schistosomiasis Laboratory and Reference Service of Aggeu Magalhães Institute - Fiocruz, in
order to identify the species and detect infectivity due to S. mansoni, using the traditional light
exposure technique (Kuntz, 1946) and the polymerase chain reaction (PCR), which is sensitive
and specific for diagnosing low loads of parasitic infection (Melo et al., 2006).
The essential abiotic data for mollusk survival were evaluated at each breeding site:
temperature, water pH and total dissolved solids (TDS) were measured in loco with a digital
spit thermometer, digital pH meter and digital TDS meter, respectively. Data relating to
breeding site quality were also recorded: natural or artificial water accumulation, presence of
sewage, presence of vegetation cover, water transparency and the sediment composition.
Breeding sites were classified as natural (pond, river or waterfall) or artificial (natural pools or
fish-and-pay ponds). The SPSS 20 software was used to analyze these data, and the chi-square
test was applied to investigate associations between variables, taking the p-value ≤ 0.5.
Based on geographic coordinates, maps representing the distribution of breeding sites and
foci of transmission, mollusk species found and numbers of mollusks sampled in each water
accumulation were created. The ArcGIS 10.4 software was used to build thematic maps using
the interpolation technique of inverse distance weighting (IDW). The IDW interpolator
determines values for unknown areas by calculating the weighted mean using the inverse of the
distance between this area and a point where the value is known (Harman et al., 2016). The
Equation 1 to determine the values of interpolation areas is described by the following formula:
𝑁0

=

∑𝑛
𝑖 =1 𝑁𝑖 . 𝑃𝑖
∑𝑛
𝑖 =1 𝑃𝑖

(1)

Where:
n represents the number of known points;
Ni is the interpolation value at position i;
and Pi is the weight of each interpolation value at position i.

3. RESULTS AND DISCUSSION
A total of 72 localities distributed among 44 municipalities located in the Metropolitan,
Zona da Mata and Agreste regions of Pernambuco were investigated. At these, 26 reservoirs, 32
breeding sites of intermediate hosts and 10 foci of schistosomiasis transmission were found. The
correlation analysis (Pearson and Spearman coefficients) and chi-square and Fisher tests did not
show any statistically significant differences in presence of schistosomiasis intermediate hosts
in relation to the variables of each breeding site environment (Table 1).
Figure 1 shows the geographic distribution of breeding sites and species of schistosomiasis
intermediate hosts at leisure localities. At 36 breeding sites, the species was Biomphalaria
straminea and at 6 sites it was B. glabrata. The breeding sites for B. straminea at which presence
of S. mansoni DNA was diagnosed by means of PCR were considered to be potential foci (6
breeding sites were positive). At 4 breeding sites where B. glabrata was found, snails were found
to be releasing infecting cercariae. Therefore, these can be considered to be active transmission
foci for schistosomiasis.
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Table 1. Abiotic data, quality of breeding sites of intermediate hosts and foci of schistosomiasis
transmission sampled from municipalities in Pernambuco.
reservoirs

breeding sites or foci

Total

N

%

N

%

N

%

17
9

65.4
34.6

21
14

60
40

38
23

62.3
37.7

23
3

88.5
11.5

25
10

71.4
28.6

48
13

78.7
21.3

22
4

84.6
15.4

33
2

94.3
5.7

55
6

90.2
9.8

7
19

26.9
73.1

7
28

20
80

14
47

23
77

24
2

92.3
7.7

28
7

80
20

52
9

85.2
14.8

26
0

100
0

30
5

85.7
14.3

56
5

91.8
8.2

2
24

7.7
92.3

2
33

5.7
94.3

4
57

6.6
93.4

17
9

65.4
34.6

18
17

51.4
48.6

35
26

57.4
42.6

16
10

61.5
38.5

23
12

65.7
34.3

39
22

63.9
36.1

Temperature range (°C)
De 22 a 26
De 27 a 32
pH range
De 6,1 a 9
De 9,1 a 10,8
TDS range
De 0 a 500
De 501 a 950
Breeding site type
Artificial
Natural
The environment
natural
modified
Sewage or trash
absent
presence
Natural vegetation
absent
presence
Water transparency
clear
turbid
Sediment type
mud or sand
others (stone or cement)
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Figure 1. A. Locations of reservoirs, breeding sites of intermediate hosts and foci of
schistosomiasis transmission identified at touristic or water-activity leisure localities
in Pernambuco; B. Species of intermediate hosts found at breeding sites.
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Figure 2 shows the numbers of snails sampled from each breeding site. Two breeding sites
located at touristic localities on the coast of Pernambuco (Porto de Galinhas and Serrambi) where
large numbers of the snail B. glabrata infected by S. mansoni were collected are highlighted.

Figure 2. Numbers of specimens sampled from breeding sites of intermediate hosts and foci of
schistosomiasis transmission identified at water-activity leisure localities in Pernambuco.

Figure 3 shows that the results regarding the physical-chemical conditions of the water
accumulations were very similar, both for breeding sites and for reservoirs, thus indicating that
these reservoirs were susceptible to colonization by schistosomiasis intermediate hosts.
The data that resulted from the present study made it possible to construct thematic maps
that indicated schistosomiasis transmission risk areas in touristic water-activity leisure localities
in Pernambuco that are breeding sites for schistosomiasis-transmitting snails. These breeding
sites become transmission foci for the disease in the absence of local sanitation systems, which
leads to fecal pollution of freshwater bodies and favors waterborne diseases, thus threatening the
health of tourist populations engaged in aquatic recreational activities in Pernambuco.
The fact that no association regarding specific ecological conditions that favored or
differentiated breeding sites from reservoirs was found indicated that the aquatic environments
studied presented the same favorable characteristics and conditions for the intermediate hosts’
survival, and that they were able to quickly transform into breeding sites and/or foci. Spatial
analysis using the IDW estimator was an important epidemiological tool, complementary to the
statistical analysis of this study. It showed, in map form, that reservoirs, breeding sites of
intermediate hosts and foci of schistosomiasis transmission, are found under similar physicalchemical conditions. This facilitates intermediate host colonization and enables the spread of
disease. The spatial distribution and numbers of mollusks sampled showed the spot intensity of
the disease and the occurrence of each event. This makes it possible to undertake situational
analyses in the future, in order to predict the epidemiological and spatial dimensions of the
disease in the study area.
Rev. Ambient. Água vol. 13 n. 3, e2151 - Taubaté 2018
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Figure 3. IDW interpolator of temperature (A), pH (B) and TDS (C) data
from breeding sites of intermediate hosts and foci of schistosomiasis
transmission, and from reservoirs which were identified at water-activity
leisure localities in Pernambuco.

Among the 8 foci identified, the epidemiological importance of the four foci of the
intermediate host B. glabrata at which cercariae of S. mansoni were being eliminated needs to
be highlighted. These represent situations of active transmission of the disease at coastal
localities such as Itamaracá, Serrambi, Porto de Galinhas and Carne de Vaca, which are
important resorts in Pernambuco, visited by tourists and local vacationers throughout the year.
In these coastal areas, there are no natural water accumulations and transmission of
schistosomiasis is seasonal, governed by the rainy season (May to August). During this period,
Rev. Ambient. Água vol. 13 n. 3, e2151 - Taubaté 2018
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peripheral foci overflow and infected snails are carried into the streets. These artificial and
peridomestic foci are formed by wastewater that is discharged into the environment, in
communities that dwell in areas surrounding the resorts (Barbosa et al., 2015a; 2015b).
When tourists disembark in Recife, they receive an information leaflet on “Rural Routes in
Pernambuco”, which indicates localities with freshwater leisure attractions that are located in
areas that are endemic for schistosomiasis. Considering that these localities receive visitors
throughout the year, information needs to be provided for them regarding the risks that they may
be exposed to when visiting water bodies at localities with foci of schistosomiasis transmission,
and the risk that they run of becoming agents that disseminate parasitic diseases into nonendemic areas. Travelers’ health precautions should be based on a set of actions and partnerships
between governments, travel agencies and health surveillance sectors, in order to provide proper
and precise information about the risks present in aquatic leisure environments, with the aim of
protecting people who visit these areas.
Some of the problems relating to ecotourism are far from being resolved, such as insistence
that tourism entrepreneurs should follow the technical norms issued by the Brazilian Association
of Ecotourism and Adventure Tourism Agencies (ABETA) and sanctions for those that do not
conform. This Association has been active throughout Brazil since 2004 and is responsible for
management and implementation of the Safe Adventure Program, in partnership with the
National Serviço Brasileiro de Apoio às Micro e Pequenas Empresas (SEBRAE), the Ministry
for Tourism, and the main Brazilian ecotourism and adventure tourism agencies (Abeta e
Ministério do Turismo, 2009).

4. CONCLUSIONS
Although the present study was only descriptive, it precisely identified and located
problematic localities that are visited by tourist groups that, through exposure to unhealthy
environments, are subject to infection by the parasite S. mansoni. Expansion of this knowledge
is necessary in order to evaluate the environmental characteristics responsible for maintenance
of these foci of the disease transmission, and thus to produce more significant conclusions that
might become effective public healthcare strategies that minimize the impact of transmission of
this disease among local populations and tourists who come to this state seeking leisure in its
beautiful landscapes.
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ABSTRACT
The Balbina reservoir (59°28'50'' W, 1°53'25'' S), located near the city of Manaus, AM in
central Amazonia, is the second largest hydroelectric reservoir in the Amazon basin. Carbon
dioxide concentration measurements were performed at high frequency (10 Hz) at this reservoir
with an IRGA Model LiCOR 7500A and meteorological variables were measured with a
floating platform with sensors 2 meters above the surface of the lake. Maximum and minimum
CO2 concentrations were observed during the night, related to forest breeze enriched with CO2
and the respiration or photosynthetic activity of the lake. Due to the dimensions of the lake,
both land and lake breezes control the concentration of CO2. CO2 showed a strong correlation
with the meteorological variables, temperature (- 0.76) and relative humidity (0.71). However,
only the wind direction showed a statistically significant effect at 5% in the cross-correlation.
Our results corroborate other studies in this lake and other Amazonian reservoirs.
Keywords: breeze, meteorological variables, wind direction.

Aumento da concentração noturna de CO2 durante eventos de
circulação de brisa em um reservatório tropical
RESUMO
O reservatório de Balbina (59°28'50" W, 53°1'25'' S), localizado próximo à cidade de
Manaus - Amazonas na Amazônia central, é o segundo maior reservatório hidroelétrico
localizado na bacia Amazônica. Neste reservatório, foram realizadas medidas da concentração
de dióxido de carbono em alta frequência (10 Hz) com um IRGA modelo LiCOR – 7500A e
variáveis meteorológicas com uma plataforma flutuante com sensores localizados a 2 m da
superfície do lago. O máximo (mínimo) da concentração de CO2 foi observado durante a noite
(tarde) relacionados a brisa de floresta enriquecida com CO2 e a respiração do lago (atividade
fotossintética). Devido as dimensões do lago, tanto a brisa de lago quanto a terrestre controlam
a concentração de CO2. O CO2 apresentou uma forte correlação com as variáveis
meteorológicas, temperatura (-0.76) e umidade relativa (0.71). No entanto, apenas a direção do
vento apresentou significância estatística em 5% no teste de correlação cruzada. Nossos
resultados estão de acordo com outros estudos realizados neste lago e em outros reservatórios
amazônicos.
Palavras-chave: brisa, direção do vento, variáveis meteorológicas.
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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1. INTRODUCTION
Like the oceans, inland waters play a key role in the regional and global carbon cycle (Cole
et al., 2007; Richey et al., 2002; Battin et al., 2008; Raymond et al., 2013). In the Amazon, the
efflux of CO2 from inland waters is comparable to the carbon stored in Amazonian forest’ trees
(Phillips et al., 1998) and much larger than the carbon exported by the Amazon to the oceans
(Richey et al., 2002). More recently, reservoir lakes, particularly in the tropics, have been
identified as sources of CO2 and CH4 into the atmosphere (Galy-Lacaux et al., 1999; Guérin et
al., 2006; 2007; Kemenes et al., 2007; 2011). The transport and dispersion of gases are
frequently and greatly affected by local wind systems such as breezes (Moura et al., 2004;
Biermann et al., 2013; Manesh et al., 2014; Wentworth et al., 2015).
Due to the thermal inertia of large bodies of water, the lakes heat and cool more slowly
than the adjacent terrestrial surface. On days with little cloud cover, solar radiation warms the
earth's surface faster than the surface of the lakes and a temperature difference develops
between the surface of the lake and the terrestrial surface. This difference in temperature
between the surfaces results in a difference in the temperature of the atmosphere above, which
results in a slight disturbance in the pressure field. The wind profile response to the influence
of temperature fluctuations on the atmospheric pressure leads to an increase in the gas flux of
the lake to the lake edges at low atmospheric levels, and from the edges to the center of the lake
at high atmospheric levels. At a certain distance from the continent, the edge flow at the lower
levels of the atmosphere rises and returns toward the lake as part of the lake flow at high levels,
forming the front of the lake breeze (Simpson et al., 1977).
The effects of breeze circulation on air quality have been investigated for different types
of locations with different types of topography and weather conditions. For example, Hastie et
al. (1999) identified through meteorological measurements and satellite images that the increase
in ozone concentration in Southern Ontario is related to the arrival of the breeze front from
Lake Ontario. Hayden et al. (2007) identified that lake breeze circulations are important in the
dynamics of 𝑆𝑂42− formation and secondary organic aerosol in the southwest region of Ontario.
Sun et al. (1998) investigated the transport of carbon dioxide, water vapor and ozone through
turbulence and local circulation and found that the nocturnal breeze plays an important role in
the regional balance of CO2 in the lake region. Few studies on breeze circulation have been
conducted in the Amazon region. Moura et al. (2004) observed the presence of a breeze on the
lake of the Balbina reservoir and its influence on the increase of the concentration of ozone
when the breeze is from the lake, even when it is nocturnal.
The Amazonian rivers, also develop breeze circulations due to their size. Fitzjarrald et al.
(2008) investigated the influence of the breeze circulation of the Amazon and Tapajós Rivers
on the rainfall data of the stations located near the confluence of the two rivers east of the
Amazon Basin. According to the study, the breeze circulation of the Amazon River affects
rainfall more than the breeze of the Tapajós River, which moves contrary to the prevailing wind.
For this same region, Lu et al. (2005) investigated mesoscale circulations and atmospheric CO2
variations over a heterogeneous landscape of forests, pastures, and large rivers (Amazon and
Tapajós Rivers). The results found by Lu et al. (2005) suggested that the topography, the
differences in roughness, length between water and land, the ‘‘T’’ shape juxtaposition of
Amazon and Tapajós Rivers, and the resulting horizontal and vertical wind shears all facilitated
the generation of local mesoscale circulations. The Santarém region had already been
characterized by Silva Dias et al. (2004) with a shallow diurnal river breeze circulation forced
by differential heating between the forest and the Tapajós and Amazon Rivers during trade
winds breaks.
Breeze circulations are also influenced by terrain topography (Sun et al., 1998; Eugster
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and Siegrist 2000; Lu et al., 2005; Tóta et al., 2012). Eugster and Siegrist (2000) investigated
the influence of the nocturnal advection of CO2 on CO2 flow measurements over a plateau area
between two mountains. The study revealed that during the early evening, when the energy
balance becomes negative, the flow of CO2-rich cold air begins to be advected along the river
valleys. During the first half of the night, the CO2-rich air layer increased in depth reaching its
maximum depth just after midnight and remained relatively constant until dawn. The CO2
advected from the forest to the lake added to the lake's respiration, and led to a nocturnal CO2
peak. After dawn, the vertical profile of CO2 was again well mixed. Nicholls et al. (2004) study
conducted in the Great Lakes region (Wisconsin, USA) showed that a large diurnal cycle of
CO2 concentration over the lakes appeared to be mainly due to the combined action of katabatic
winds, ambient winds, and the lake breeze circulation. These results suggest that meteorological
processes associated with the complex terrain in this region leads to substantial CO2 advection.
Therefore, meteorological as well as biological processes are likely to be important causes of
CO2 variability in that region.
In the present study, we investigated the diurnal cycle of CO2 concentration on the surface
layer just above the surface of the water with a high frequency sensor and measured some
meteorological variables such as wind, temperature, precipitation and relative humidity. By
means of the measurements we identified the presence of a breeze over the reservoir lake and
through statistical tests we related its effect with the increase of the CO2 concentration on the
lake in the nocturnal period. We also compare our results with other studies of reservoirs and
lakes.

2. MATERIAL AND METHODS
The Balbina Hydroelectric Power Plant was built in Central Amazonia in 1987, on the
Uatumã River, located in the city of Presidente Figueiredo, 155 km north of Manaus, AM. The
Balbina Reservoir (Figure 1) is the second largest hydroelectric reservoir located in the Amazon
(59°28'50'' W, 1°53'25 ''S) with an average flooded area of 1770 km2, an average depth of 10m
and time of residence of approximately 12 months (Kemenes et al., 2007; 2011). The
climatology shows the maximum of the rainy season in the months of March, April and May
and the dry season in the months of August and September.
The field experiment was carried out between July 15 and 20, 2013, during the transition
season (rainy to dry). Meteorological data on wind, temperature, relative humidity and
precipitation were collected through a floating structure anchored in the main channel of the
reservoir lake. The data used for CO2 concentration analysis (for 32 hours) were collected on
July 18 and 19 using an infrared gas analyzer (IRGA) (Li-7500 A, Li-Cor, USA) with 10 Hz.
The concentration data were analyzed with an average of 5 minutes and related to
meteorological data measured by the floating structure.
A floating structure was instrumented with a HOBO U-30 station with telemetric operation
via GSM technology, whose data were sent to the HOBOlink server of the Amazonas Climate
Change Network, under the responsibility of the State University of Amazonas (Remclam /
UEA). The structure was in operation throughout the campaign with a height of 2 m between
the sensors and the water surface. The meteorological variables obtained by the floating
structure were sampled every 5 minutes and for the precipitation the hourly accumulation was
calculated.
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Figure 1. Location of the dam of the Balbina Hydroelectric Power
Plant, in the municipality of Presidente Figueiredo - AM at 192 km
from Manaus.

The wind speed measurements were adjusted to 10 m above the water surface (U10)
according to Amorocho and DeVries (1980) (Equation 1).
0,5 −1
𝑈𝑧 = 𝑈10 [1 − 𝐶10
𝜅 𝑙𝑛(10⁄𝑧)]

(1)

Where: C10 = surface drag coefficient for wind at 10 m (0.013, Stauffer, 1980); κ = von
Karman's constant (0.41); z = height of the wind speed measurement above the water surface.
For the analysis of the data, we used the statistical methods of Pearson's linear correlation
and the function of cross correlation. Pearson's linear correlation proposes to verify the degree
of association between two or more variables and the cross-correlation function is a measure of
similarity between two signs of two variables as a function of a delay applied to one of them,
that is, it determines if the two processes are correlated (Vandaele, 1983). In this study, we
verified the direct correlation and time lag between CO2 and meteorological variables
(temperature, precipitation, relative humidity, direction and wind speed).
According to Chatfield (2013), the cross-correlation function estimator is given by the
formula (Equation 2):
∑𝑛−ℎ(𝑥

−𝑥̅ )( 𝑦𝑡 − 𝑦̅ )
̅ )²
𝑡−1( 𝑦𝑡 − 𝑦

𝑡+ℎ
ρ̂xy (ℎ) = 𝑛−1 ∑𝑡−1
𝑛 (𝑥 −𝑥̅ )² ∑𝑛
𝑡−1

𝑡

(2)

Where: xt e yt = time series; 𝑥 e 𝑦 = averages; h = lag coefficient between the series;
n = number of observations. When working with counting we used autocorrelated data, and to
avoid erroneous interpretations in the detection of cross-correlation, we used the technique of
pre-bleaching, which is a process to remove unwanted autocorrelations before the analysis of
interest.

3. RESULTS AND DISCUSSION
The daytime variation of the CO2 concentration is shown in Figure 2. The peak occurs
around 7 h due to the accumulation of CO2 concentration before dawn. As the day progresses,
the CO2 concentration decreases gradually and reaches a minimum (377.14 ppm) at around
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17 h due to high atmospheric mixing and increased photosynthetic activity (Imberger, 1985;
Wofsy et al., 1988; Mahesh et al., 2014). After sunset, the concentration increases, with the
maximum peak (476.52 ppm) around 18 h due to the absence of photosynthetic activity and
breeze circulation, which will be discussed later. The gray area of Figure 2 highlights the
accumulation of CO2 concentration for the nighttime, the equation for which has an angular
coefficient of 0.53 for a sampling time of 5 minutes, which yields a rate of CO 2 concentration
of 6.36 ppm.h-1. This rate represents a difference in concentration between the two periods
which amounts to approximately 100 ppm. During the night, surface radiative cooling provides
a thermodynamically stable layer, and its temperature inversion leads to a decrease or absence
of mixing and consequently to the accumulation of CO2 concentration on the surface of the
lake. Diurnal variations were also observed in the studies of Moura et al. (2004) for ozone by
Mahesh et al. (2014) for CO2 and Harris and Kotamarthi (2005) in the transport of pollutants.

Figure 2. Concentration of CO2 with 10 Hz sampling and average of 5 minutes,
during 32 hours, on the lake of the reservoir of Balbina - AM. Continuous lines
indicate the trend of concentration for the day and night period.

The CO2 flux depends mainly on the concentration gradient between the water surface and
the air and the physical transfer or turbulent energy at this interface (MacIntyre et al., 1995).
Forests act as a source of CO2 at night (respiration) and as a sink during the day
(photosynthesis). In turn, lakes are continuous sources of CO2 discharges into the atmosphere
(Richey et al., 1987). Thus, the increase in CO2 concentration on the surface of the lake at night
is expected and occurs due to respiration and the decrease or absence of turbulence, since in
lakes the dominant source of turbulence on the surface of the aqueous boundary layer is windcontrolled (Cole and Caraco, 1998). However, other physical factors should play a role in
increasing the concentration, since this nocturnal increase represents ~ 33% of the daytime
concentration.
Figure 3 shows the meteorological variables during the field experiment. The wind, for the
night period from 18h on the 18th to 6h on the 19th, showed values of 0.3 - 3 m s-1. Figure 3
shows that up to 16h the wind is predominantly from the west and at 16h it changes to the
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northeast, which characterizes the lake and forest breezes, respectively, wherein the lake breeze
occurs during the day and the forest breeze at night. We also noticed that the relative humidity
presents a well-defined cycle for this same time at 16h, with a maximum close to 00h. During
the campaign the formation of fog was observed on the surface of the lake after sunset (18h)
which is justified by the high values of relative humidity, approximately 100%. In very low
wind conditions (< 3 m.s-1) or with the absence of winds, the CO2 exchange in the lake can be
controlled mainly by convective movements caused by the loss of heat that occurs, for example,
when the surface of the water is warmer than the air just above (MacIntyre et al., 1995).

Figure 3. Meteorological variables, precipitation (mm),
temperature (°C), relative humidity (%), wind direction (°) and
speed normalized (10 m s-1) measured using an instrumented
platform with a HOBO U -30 weather station to send data via
GSM to the base of Remclam / UEA Manaus- AM.

The Pearson correlation (r) was calculated between CO2 and each meteorological variable.
According to Amorin (2013), the classification of Pearson's correlation values is considered to
be weak (0 ≤ r <0.39), moderate (0.40 ≤ r ≤0.69), strong (0.70 ≤ r ≤ 1). In this study, there was
a weak correlation between CO2 and wind velocity (- 0.20), moderate with atmospheric pressure
(0.48) and wind direction (- 0.55) and strong with air temperature (- 0.76) and relative humidity
(0.71) (Table 1).
The Pearson correlation detected an inversely proportional (strong and statistically
significant) relationship between temperature and CO2. This relationship was also found by
Hensen et al. (1996) and Silva Junior et al. (2004). The high values of air temperature occur at
the moment when the concentration of CO2 presents its minimum values, and there is an inverse
relationship between both variables. After sunset, there is release of CO2 into the atmosphere,
not instantaneously, but during the night period, due to the absence of sunlight, in addition to
the natural increase of the relative humidity of the air and decrease of its temperature, which
stimulates not only greater respiration of roots, but also of the microorganisms responsible for
the decomposition of organic material. This nocturnal emission can represent more than 80%
of all CO2 emitted by the ecosystem (Meir et al., 1996). Obviously, this is all associated with
an intense decrease in nocturnal atmospheric turbulence to produce a greater dispersion of the
Rev. Ambient. Água vol. 13 n. 3, e2186 - Taubaté 2018
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nocturnal values in relation to the diurnal values. The direct association between the relative
humidity of the air is probably due to the fact that it has a cycle similar to that of the
concentration of CO2, where the daily cycles are very similar with respect to the maximum and
minimum values, generating an increase of the atmospheric stability and a decrease of the
dispersion of CO2.
Table 1. Linear Pearson correlation between CO2 and
meteorological variables.
Variables
Air temperature
Relative humidity
Precipitation
Wind direction
Wind velocity

Correlation

p-valor

Confidence Interval

-0.76
0.71
-0.12
-0.55
-0.20

< 0.05
< 0.05
0.024
< 0.05
< 0.05

-0.80 to -0.72
0.66 to 0.76
-0.21 to -0.02
-0.62 to -0.48
-0.29 to -0.10

5% significance.

From the cross-correlation analysis, statistical significance was observed between CO2 and
wind direction and velocity, lag 5 and 18, respectively. That is, the correlation between the
variables occurs with lags of 5 and 18 minutes. In addition to the direct correlation detected in
the Pearson linear correlation, there was a lagged effect of direction and wind velocity with
CO2 concentration. The cross-correlation function was used after pre-bleaching to eliminate
deterministic or stochastic trend structures present in a time series. Thus, when calculating the
autocorrelation between two variables, it will not be influenced by this structure (Box et al.,
2015). In this case, double pre-bleaching was used, where it is adjusted for each variable of its
own integrated autoregressive moving average model (ARIMA). This method is considered
more robust because the two series become white noise and the correlation between them can
be purely due to chance. This makes it evident that even from a small sample of data it is
possible to verify statistical significance between the variables under study, signaling the
existence of the strong possibility of the relation of the breeze effect on the CO 2 concentration
in the Balbina, AM reservoir.
To study the influence of forest and lake breezes on CO2 concentration, we considered all
winds from 0° - 180° as a forest breeze and those coming from 180° - 360° as lake breezes. The
characterization of CO2 from lake or forest is shown in Figure 4. About 58% of the winds are
forest and occur at night. Although water bodies act as a source of CO2, the amount of CO2
concentration in lakes is lower than that of forest (Wofsy et al., 1988; Richey et al., 2002). The
other 42% are lake breezes occurring during the daytime period. Moura et al. (2004) found an
increase in the ozone concentration of ~ 22% and a decrease of ~ 60% in relation to the daily
average due to the presence of lake and forest breezes, respectively. In this study the nocturnal
concentration represents ~ 33% of the daytime concentration, which is strong evidence of the
influence of the breeze on the concentration of CO2, since the concentrations of ozone and
carbon dioxide are negatively correlated (Wofsy et al., 1988). Thus, the forest breeze possibly
influences the concentration of nocturnal CO2 over the lake.
The lake of the Balbina reservoir has a large enough area to establish a breeze regime
(Moura et al., 2004). According to Moura et al. (2004), the lake and forest breezes are present
in a well-defined way, the lake breeze being best characterized between 10 to 14h, while the
forest breeze is evident between 16 to 08h. Tóta et al. (2012) identified local circulation over a
dense forest in Manaus, AM with moderately complex terrain and verified the existence of a
drainage runoff in slope and valley areas and that horizontal and vertical CO2 gradients are
modulated by these circulations within the forest. The forest breeze is rich in CO2 due to the
forest respiring at night, creating a gradient between the forest canopy and the surface of the
Rev. Ambient. Água vol. 13 n. 3, e2186 - Taubaté 2018
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lake, favoring the flow of CO2 towards the lake at night and justifying the increase in
concentration. Sun et al. (1998) showed that a lake breeze can generate significant transport of
CO2 by advection. The study also revealed that a lake in the center of a forest region would act
as a CO2 chimney and thus create a mesoscale circulation that generates significant advection
in the forest around the lake.

Figure 4. Evidence of the breeze effect on CO2 concentration in Lake Balbina A)
wind direction versus concentration of diurnal CO2 (lake breeze) and B) direction of
the wind versus concentration of nocturnal CO2 (forest breeze).

Since different physical, chemical and biological processes, regulate CO2 exchange across
the water-air interface, it is expected that these processes exert varying levels of controls on
different time scales, leading to temporal variations in CO2 emission rates. Temporally discrete
field samplings of pCO2 and atmospheric CO2 concentrations for estimating CO2 emission rates
are usually conducted during the daytime when fair weather conditions predominate, and these
emission rates are then temporally up-scaled to obtain annual emission rates (Cole et al., 2007;
Raymond et al., 2013). Not only local and mesoscale events influence the concentration of CO2
in reservoirs. Studies by Liu et al. (2016) revealed that during the presence of synoptic events
the emission of nocturnal CO2 over a reservoir on the Mississippi river increased approximately
70% in relation to daytime emissions. Concentration gradient measurements are typically
collected during the day and in ideal weather conditions. Thus, the omission of nocturnal CO2
concentration and flux data leads to an underestimation of emissions. Eugster and Siegrist
(1999), Eugster et al. (2003) and Vesala et al. (2006) had problems with the contamination of
the CO2 advected by the surrounding terrain on the surface of the lake where eddy covariance
measurements were made. The solution that was tried by the authors was to reduce the eddy
covariance averaging time from 30 minutes to 5 minutes.

4. CONCLUSION
In situ measurements of CO2 concentration were performed on the lake of the Balbina, AM
hydroelectric power plant with a high frequency sensor and averages were calculated every 5
minutes and meteorological variables were recorded with an HOBO - U30 weather station in
the same time interval. The maximum CO2 concentration was 476.52 ppm before dawn and a
minimum of 377.14 ppm before nightfall. There was a strong correlation between CO2 and air
temperature (- 0.76) and relative humidity (0.71), but only the direction of the wind presented
statistical significance (5%) with CO2, which proves the seasonal relationship of wind direction
with CO2. Although the CO2 concentration data only show the daily cycle for a specific day,
Rev. Ambient. Água vol. 13 n. 3, e2186 - Taubaté 2018
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we believe: 1) that this pattern will be repeated throughout the annual cycle, since the breeze
circulation has already been identified for this lake in the study by Moura et al. (2004), and in
this study it was configured during the five days of measurement; 2) The daily CO 2 cycle on
lake is also known and reveals this accumulation in the night period; 3) Other studies reveal
that other factors, in addition to biological and chemical factors, interfere with the dynamics of
CO2 on lakes; 4) The circulation of breezes on the Balbina lake contributes to the an increase
of the nocturnal concentration of CO2 on the lake due to the advection of the air coming from
the adjacent forest enriched with CO2 due to the respiration of the soil and the vegetation. This
study also suggests that a long-term investigation to capture the seasonal effects of the region
and the estimation of the lake respiration rate are essential for the closure of the CO2 balance
and to define with precision the contribution of the forest breeze to the concentration of CO2
over the lake. The data, although preliminary, provides evidence of the influence of the
circulation of a forest breeze on the effect of the increase of nocturnal CO2 concentration on the
lake of Balbina, AM.
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ABSTRACT
The exploitation of surplus energy through the setup of hydrokinetic parks in reservoirs
downstream from hydroelectric plants is on the increase worldwide. Costly measurements in
loco are required in order to estimate the amount of energy that may be extracted from a river.
However, river modeling provides river velocities and depths whereby the power of
hydrokinetic parks may be estimated. Velocities and depths were simulated with a Saint-Venant
2-D model applied to a downstream reservoir of the Tucuruí hydroelectric dam. Velocities were
extrapolated in the vertical direction by means of a logarithmic function to determine the
vertical velocity profile, which transfers energy to the turbines. The turbine diameters were
defined according to the depths of the studied section and information available in the literature.
In the analyzed section, 73 turbines with approximately 3 MW may be installed. Power may be
greater if other sections are evaluated. However, studies on environmental impacts and
production reduction due to decrease of water level downstream the hydroelectric plant should
be taken into account prior to the installation of hydrokinetic plants.
Keywords: hydroelectric plants, hydrokinetic turbine, surplus energy.

Metodologia Simplificada para Análise da Instalação de Parque
Hidrocinético a Jusante de Centrais Hidrelétricas
RESUMO
O aproveitamento de energia remanescente, através da implantação de parques
hidrocinéticos, em reservatórios de jusante de centrais hidrelétricas vem ganhando destaque no
mundo. Para estimar a quantidade de energia que pode ser extraída de um rio, são necessárias
medições in loco, gerando custos consideráveis. Entretanto, através de modelagem fluvial podese conhecer os campos de velocidades e profundidades do rio e se estimar a potência instalada
de possíveis parques hidrocinéticos. Assim, foram exploradas velocidades e profundidades
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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simuladas via modelo de Saint-Venant 2-D aplicado ao reservatório de jusante da hidrelétrica
de Tucuruí. As velocidades foram extrapoladas na direção vertical por meio de uma função
logarítmica para determinação do perfil vertical de velocidades. Os diâmetros das turbinas
foram definidos em função das profundidades do trecho estudado e de informações disponíveis
na literatura. Assim, na seção analisada podem ser instaladas 73 turbinas com potência de
aproximadamente 3 MW. Essa potência pode ser maior desde que outras seções sejam
avaliadas. Todavia, estudos relativos a impactos ambientais e redução da produção da planta
principal devido à redução da altura útil de queda devem ser levados em consideração, antes da
instalação de parques hidrocinéticos em reservatórios a jusante de hidrelétricas.
Palavras-chave: centrais hidrelétricas, energia remanescente, turbina hidrocinética.

1. INTRODUCTION
Humans have always exploited energy from rivers. Hydroelectric plants are currently the
biggest exploiters of this kind of energy on a global scale. Globally, there is a rising demand
for renewable and clean energy, and thus new ways to obtain energy have been highlighted.
Hydrokinetic energy from rivers is an emergent source of renewable energy. Hydrokinetic
turbines are placed directly in the river flow, without any dams, to harness water and create an
artificial fall, without changing the river's course (Filizola et al., 2015).
The basin of the Amazon has an area of more than 6 million square kilometers and features
an annual discharge of 209.000 m3. s-1, ranked as the largest on the planet (Molinier et al.,
1995). Although the Amazon basin has a large potential for the generation of hydrokinetic
energy, currently and in spite of modern technology, it generates small amounts of energy,
similar to large hydroelectric power plants (Van Els and Brasil Junior, 2015). No study has been
undertaken to quantify the amount of energy that could be potentially generated in Brazil by
hydrokinetic turbines.
Lago et al. (2010) and Rourke et al. (2009) studied the field of potential hydrokinetic
energy generation to exploit the movements of sea currents and waves. Other researchers
focused their studies on the use of hydrokinetic energy in conventional hydroelectric plants (Liu
and Packey, 2014). Turbines may be positioned directly downstream from the conventional
hydroelectric, where residual energy is still extant. Holanda et al. (2017) employed the SaintVenant model to simulate velocities and depths in the downstream reservoir of the Tucuruí dam.
The authors observed the greatest velocities and depths and ten sites in the main channel of the
Tocantins River were pinpointed as potential installation sites for hydrokinetic turbines to
exploit surplus energy downstream from the Tucuruí hydroelectric plant.
Current analysis estimates the energy that may be generated through the setup of a
hydrokinetic park in a transversal section downstream from the reservoirs of hydroelectric
power plants. The novelty is to use a simplified methodology that takes into account simulated
depths and velocities 2-D. Velocities are extrapolated through a logarithmic function in the
vertical to calculate the energy along the depth profile. Thus, the analysis of potential energy
of hydrokinetic parks may be calculated by data available in the literature, dispensing with the
high financial and logistical costs of fieldwork. In this case, Holanda et al. (2017) analyzed the
Tocantins canyon, but they did not consider the transversal profile of the velocities since the
model used was 2-D.
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2. METHODOLOGY
2.1. Study area and data
The Tucuruí hydroelectric power plant uses the Tocantins River to generate energy. The
current study focuses on the dam’s downstream reservoir in its non-navigable stretch. Its
discharge and, consequently, its velocities and depths, are controlled by the power plant. Figure
1 shows the stretch under analysis, the velocity iso-surfaces in the middle of the z-axis and the
iso-surfaces depths in which the aforementioned velocities were found. This particular stretch
was used due to its different depths and the existence of points with maximum velocity. The
hydrokinetic generation potential was estimated within a section of approximately 1,995 m,
disregarding stretches with null velocity. Thirteen stretches were identified (organized from left
to right, in Figure 1). Table 1 shows lengths and velocities in the middle of the water column
and its respective depths for the thirteen stretches.

Figure 1. Velocities (a), depths (b) and the transversal section for downstream reservoir of the
Tucuruí River’s hydroelectric power plant, taking into account the highest registered flow of
31,274 m3/s (2007-2014).
Source: Adapted from Holanda et al. 2016.

Table 1. Velocity and depth rates for the stretches under analysis.
Stretch

Length (m)

Depth (m)

Velocity (m/s)

1
2
3
4
5
6
7
8
9
10
11
12
13

455-472.5
472.5-525
525-560
560-595
595-910
910-1102.5
1102.5-1172.5
1172.5-1207.5
1207.5-1365
1365-1435
1435-1452.5
1452.5-1487.5
1487.5-1505

1.72
1.72
1.72
16.00
16.00
16.00
16.00
23.12
30.26
1.72
1.72
1.72
1.72

0.209
1.674
1.883
1.883
1.674
1.255
1.674
1.883
2.092
2.092
1.883
1.464
0.418
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2.2. Determination of velocity and depth profiles
The vertical velocity profiles (Equation 1) are determined by logarithmic distribution (Martin and
McCutcheon, 1998).

𝑦 = 𝑎 ln 𝑥 + 𝑏

(1)

where y is the velocity (m/s) and x is the depth (m). Three ordered pairs (x, y) are needed
to generate the curve. The first pair is the velocity at the bottom of the river, which is equal to
zero according to the no-slip condition; the depth at the bottom of the river was considered zero.
In Figure 1, depth and velocity are the second pair. The third pair is the depth and velocity at
the surface of the river. In this case, velocity is defined as 6/5 of the velocity at the middle of
the water column (Martin and McCutcheon, 1998); depth is determined through the vertical
depth profile. Thus, coefficients a and b may be calculated. Figure 3 demonstrates vertical
velocity profiles for the analyzed section of the river, as a function of depth, following Equation
1.
2.3. Determination of the diameters and the lateral positioning of the turbines
Velocity profile and depths are required to determine the diameters of the turbines to be
installed. Rate was obtained by using approximately 50% of the total depth to exploit the
greatest velocities in the turbines. The largest diameter in the study was 15 m (Kirinus, 2013).
So that interference between the functioning turbines would be avoided, the distance between
adjacent turbines was defined as 2.27D (Brasil Junior et al., 2016), where D is the turbine’s
rotor diameter. In the vertical direction a single turbine was installed to avoid environmental
impacts due to the blockage of the river flow.
2.4. Proposed turbines
Axial turbines (Figure 2), very similar to wind turbines, were proposed for the hydrokinetic
park. They have a more robust structure to withstand the inertia of the water, which has a density
1000 times greater than the density of air. Design velocity and rotor diameter were defined by
depths and velocities shown in Table 1. The diameter of the rotor hub and the number of blades
also depend on the design of each machine. Profiles used were generally of the NACA type.
Costs of implementation and maintenance of the hydrokinetic turbines reached R$ 1.91 per
kWh (Brasil Junior et al., 2007), or rather, the equivalent of US$ 0.98 per kWh (Santos and
Blanco, 2016).

Figure 2. Illustration of the
hydrokinetic turbine type
proposed in current study.
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2.5. Determination of project velocities and power installed
Projected velocity is defined as the mean rate between vertical velocities alongside the
turbine. The power is determined by Equation 2.
𝑃𝑜𝑡 =

1
2

𝐶𝑝𝜌𝐴𝑣 3

(2)

In which, Pot is the power (W); Cp is the power coefficient; 𝜌 is the water density (kg/m³);
A is the area (m²); comprehended by the rotor’s diameter D (m); v is the project velocity (m/s).
Since the machine is free flowing, the maximum percentage the rotor converts from the energy
available in the stream is 59.26%, settled by Betz limit (Betz, 1926). Therefore, in Equation 2,
Cp is equal to 0.59, i.e., maximum power coefficient, whilst water density is 1000 kg/m³. Under
operating conditions, Cp varies and is not equal to the Betz limit (Mesquita et al., 2014).
However, the above rate will be taken into account since current analysis deals with potential
estimates. In fact, further studies are required to define Cp.

3. RESULTS AND DISCUSSION
3.1. Velocity and depth profiles
The profiles provided by Equation 1 are shown in Figure 3. All logarithmic curves have a
correlation coefficient larger than 0.98, ensuring, in a mathematically simple way, a good
estimate of the velocities in the vertical direction of the chosen cross section.
Figure 4 shows the distribution of velocities as a function of depths and the length of the
studied section, and the positioning of the hydrokinetic turbines, illustrating the cross section
of a possible hydrokinetic park. The section comprises rates of maximum velocity and depths,
which allow the setup of turbines up to 15 m in diameter. The width of the section is sufficient
to comply with the recommendation of 2.27D of lateral distance between the turbines.
3.2. Calculation of the installed power
Table 2 shows depths, project velocities, diameters, number of turbines, and installed
power (Equation 2) for the thirteen stretches.
Table 2. Parameters to determine the installed power in each stretch.
Patch

Depth (m)

Number of turbines

D (m)

v (m/s)

P (kW)

1
2
3
4
5
6
7
8
9
10
11
12
13

3.44
3.44
3.44
32.0
32.0
32.0
32.0
46.2
60.5
3.44
3.44
3.44
3.44

4
13
8
1
6
3
1
2
2
17
4
8
4

2.00
2.00
2.00
15.0
15.0
15.0
15.0
15.0
15.0
2.00
2.00
2.00
2.00

0.24
1.90
2.14
2.00
1.85
1.39
1.85
2.09
2.32
2.37
2.14
1.66
0.50

0.025
41.30
36.17
209.8
994.1
209.5
165.7
472.5
646.8
105.4
18.09
16.99
0.239

Total Power (MW)

2.916
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Figure 3. Vertical velocity profiles as a function of depths for all analyzed stretches.
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Figure 4. Distribution of velocities as a function of depths and length of the
studied stretch in the Tocantins River for a hydrokinetic park.

In all, 73 turbines may be installed. The total power in the section is equivalent to
approximately 3 MW. A fraction of the Amazon’s population, even those living close to
Tucuruí’s hydroelectric plant, uses isolated systems (mostly diesel motors) for the generation
of electric energy (Blanco et al., 2008). Consequently, the above energetic potential may be
employed to minimize diesel consumption. Henceforth, the emissions of pollutants linked to
the burning of fossil fuels will be reduced. The determined power corresponds to only one
section taken into consideration. Since current study has been restricted to the non-navigable
stretch of the river downstream from the Tucuruí dam, other sections may be analyzed and the
amount of energy will increase. Even if 3 MW is a small amount when compared to the installed
capacity of the Tucuruí hydroelectric plant (8,370 MW), the amount may be increased, provided
that other sections are analyzed by the methodology under analysis. Nevertheless, 3 MW is a
rate close to that provided by other projects worldwide, as may be observed below.
Lalander and Leijon (2009) analyzed velocities and depths of ten sites on the Dalälven
River in Sweden, downstream from a hydroelectric plant. Taking into account the highest
registered flow of 700 m3/s, the ten sites, each equipped with a hydrokinetic turbine, are capable
of producing the equivalent of 344 kW. Each turbine produces 34.4 kW. In the Tocantins case,
on average each turbine produces 41.1 kW, demonstrating the similarity of the potentials found.
Ortega-Achury et al. (2010) analyzed the setup project of approximately 200 turbines in the
East River, along the east shore of Roosevelt Island and near the United Nations Headquarters
(USA) and found that they generated up to 10 MW. In this case, the power generated per turbine
is up to 50 kW, which is similar to 51.3 kW for the Rhône River, France, with 39 hydrokinetic
turbines and a power of 2 MW (CNR, 2017). These last two specific power rates are higher
than those for the Tocantins River, albeit in the same order of magnitude.

4. CONCLUSION
The extrapolation of velocities via logarithmic function was excellent with R2 of the order
of 0.99, ensuring, in a mathematically simple way, a good estimate for the velocities in the
vertical direction of the cross section. The section comprises rates of maximum velocity and
depths which allow the setup of turbines up to 15 m in diameter. The width of the section is
sufficient to comply with the recommendation of 2.27D of lateral distance between the turbines.
The estimated power of 73 turbines designed for the hydrokinetic park is comparable to
the power of other hydrokinetic parks already deployed or planned worldwide. In the case of
the power that may be produced, the amount is small, but sufficient to serve the communities
of the region, which, despite living close to the plant, have no conventional electricity supply.
Rev. Ambient. Água vol. 13 n. 3, e2188 - Taubaté 2018
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However, the turbines need to be designed with greater detail. As previously stated, Cp
should be determined as a function of the variation of velocities and the limits of cavitation.
Another issue to be taken into consideration is the cost-benefit ratio analysis of the hydrokinetic
park setup, in relation to the energy to be generated, since the setup of hydrokinetic turbines
will reduce the available head due to the increase of water level downstream the hydroelectric
plant.
Further, the environmental impacts must be taken into account due to the modification of
the field of velocity caused by the setup of the turbines. In fact, silting and erosion will occur.
Last but not least, the transposition of fish through the turbines must also be evaluated. These
issues are outside the scope of current study and will be addressed in future discussions on the
theme.
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ABSTRACT
Water management within vulnerable ecosystems managed by multiple jurisdictions can
be very complex. This study compares regulatory environments and deconstructs the
approaches used for watershed governance and environmental management inside two
UNESCO’s Biosphere Reserves to identify possible transferability between the two
management entities. Three methodological approaches were applied: participatory
observation, in-depth interviews of key informants, and document research. We concluded that
while there are differences between the regulatory frameworks and localized practices, at a
foundational level the goals and desired outcomes relating to environmental protection are not
dependent on location, but mainly on the integration and the establishment of common
objectives among the diverse social actors involved in the management and from the interaction
between different organisms of social control. Additionally, there are elements in the
application of regulations and practices in both locales that could be transferred to other
jurisdictions interested in addressing watershed protection in vulnerable ecosystems governed
by multiple jurisdictions.
Keywords: biosphere reserves, ecosystem based management, watershed committees.

Governança colaborativa e gestão de bacias hidrográfica em
reservas de biosfera no Brasil e Canadá
RESUMO
A gestão da água dos ecossistemas vulneráveis contida em múltiplas jurisdições pode ser
muito complexa. Este estudo compara os ambientes regulatórios e desconstrói as abordagens
utilizadas para a governança das bacias hidrográficas e o gerenciamento ambiental dentro de
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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duas Reservas da Biosfera da UNESCO para identificar possíveis transferências entre as duas
entidades de gerenciamento. A metodologia empregada na investigação empregou entrevistas
com informantes-chave, observação participante e análise documental. Concluímos que,
embora existam diferenças entre os quadros regulatórios e as práticas localizadas, em um nível
fundamental, as metas e os resultados desejados relacionados à proteção ambiental não
dependem da localização, mas fundamentalmente da integração e do estabelecimento de
objetivos comuns aos diversos atores sociais envolvidos na gestão e da interação entre
diferentes organismos de controle social. Além disso, existem elementos na aplicação de
regulamentos e práticas em ambos os locais que poderiam ser transferidos para outras
jurisdições interessadas em abordar a proteção de bacias hidrográficas em ecossistemas
vulneráveis governados por várias jurisdições.
Palavras-chave: comitês de bacias hidrográficas, gestão ecossistêmica, reservas da biosfera.

1. INTRODUCTION
Well established regulations relating to environmental protection are in place in many
nations worldwide. However, the application of these regulations and the involvement of
multiple jurisdictional authorities can result in conflicts or, more importantly, gaps in regulatory
protections. Two case studies that examine the jurisdictional authority and the application of
regulations are considered here: first, the environmental policies, regulations, and laws that
have been adopted in Brazil since the 1980s are investigated through a lens that examines the
legal tools themselves, looks at jurisdictional overlaps, and then evaluates the practical
application of these protectionist mechanisms. The second example considers the legislative
landscape that shapes watershed protection in Canada, more specifically the province of British
Columbia. The regulatory landscape in both nations is considered within the context of two
biosphere reserves, which are regions designated by the United Nations Educational, Scientific,
and Cultural Organization (UNESCO) as model sites for improving the relationship between
people and nature. In Brazil, Hydrographic Region VIII of the state of Rio de Janeiro (RH-VIII)
is considered, while the Mount Arrowsmith Biosphere Region is the focus for the Canadian
case study. The selected areas were chosen as they represent the concept of “contested spaces”
where conflicts exist among users, either in day-to-day activities or in goals and objectives
relating to a desired future, and decision-making is complicated due to layered jurisdictional
authorities. The case study in Brazil represents more than two decades of participation and
resolution, while the Canadian study discusses an unsuccessful attempt at joint management
followed by a new approach to shared-decision making and goal achievement. As will be
revealed, the Brazilian example offers direction and “lessons learned” to the evolving Canadian
example.

2. MATERIALS AND METHODS
The characterization of the two management entities studied here is based on three
methodological approaches: participatory observation, in-depth interviews of key informants,
and document research. In addition to document and archival investigation on the legal and
official environmental framework in Canada and Brazil, bibliographic research on studies
relating to democratic governance and participatory environmental management, with a focus
on academic work relating to environmentally threatened areas and watersheds, was also
completed. In addition, in-depth interviews added to knowledge on the two study areas, and
were critical in understanding the evolution of watershed management techniques.
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2.1. Characterization of the studied regions: RH-VIII (state of Rio de Janeiro) and
MABR (British Columbia)
The Brazilian case study focuses on the Macaé River Watershed Committee (Macaé River
WSC), a participatory environmental governance forum created in the state of Rio de Janeiro
in 2003. This Committee is responsible for managing Rio de Janeiro’s VIIIth Hydrographic
Region (RH-VIII), which covers the Macaé River Basin (Figure 1), the Ostras River Basin, the
Imboassica Lagoon Basin, and other small coastal creeks and wetlands. It is a very complex
territory that involves six municipalities with diverse political and administrative perspectives
(Macaé, Nova Friburgo, Casimiro de Abreu, Rio das Ostras, Conceição de Macabu, and
Carapebus). There are different ecosystems from the mountain areas in which the headwaters
are located (composed by rough rocky terrain and steep river valleys) to coastal areas of
estuarine alluvial plains (with low and sprawling sandy riverbeds, subjected to frequent floods
in the rainy season). Cultural, social and economic aspects also vary from upper to lower RHVIII areas. Family tourism, agriculture, and livestock are the main activities in the upper area.
Urban and industrial patterns are predominant in the lower area, which has experienced intense
economic growth over the last twenty-five years, impacted by offshore petroleum exploitation
in Campos Basin (SEA and INEA, 2014). The lower part of RH-VIII is consequently more
populated, wealthy, and holds political power. Macaé River Basin is strategic to Brazil as it
supplies all the necessary water for the offshore petroleum industry in Campos Basin (SEA and
INEA, 2014), responsible for almost 80% of Brazil’s oil and gas production.

Figure 1. Macaé River Basin and EPA Macaé de Cima. Source: SEA and INEA (2014)
(adapted by the authors).
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The Macaé River headwaters are located in the Environmental Protection Area of Macaé
de Cima (APA Macaé de Cima), near Tinguá Peak (1560m). According to the Brazilian
National System of Nature Conservation Units (SNUC), conservation areas must have
Management Councils in order to enforce integrated conservation strategies involving different
types of specially protected territorial spaces and their surroundings. APA’s Advisory Council
was created in 2005. From the perspective of environmental government agencies, the area of
350 km2 that constitutes the APA is crucial to ensure the establishment of a biodiversity corridor
in Serra do Mar, providing connection between smaller fragments of Atlantic Rain Forest to
other forested parcels of the Paraíba Valley. Since 1991, Atlantic Forest biome has been a
Brazilian UNESCO Biosphere Reserve. All biosphere reserves must serve as demonstration
sites for three functions: environmental protection, logistical provisioning for scientific research
and education, and sustainable resource use (Reed, 2007). Once designated, UNESCO requires
that biosphere reserves serve their region and the world as sites of excellence that demonstrate
improved ways to resolve human/environment conflicts through local community efforts and
sound science.
The Mount Arrowsmith Biosphere Region (MABR) is located within the Traditional
Territories of the Snaw Naw As First Nation, Qualicum First Nation, Hupacasath First Nation,
Snuneymuxw First Nation, and K’ómoks First Nation (AWSERWS, 2015). This Biosphere
Reserve includes the ecosystems and the 45,000 people who reside within an approximately
800 square kilometre area as shown in Figure 2.

Figure 2. Mount Arrowsmith Biosphere Region
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The biogeographic zones range from high alpine (1817 meters at the peak of Mount
Arrowsmith) to 300 metres below sea level, and the range of activities within the Biosphere
Reserve include all those typical of Vancouver Island: forestry, aquaculture, and agriculture, as
well as a spectrum of densities of rural to urban land uses (Swerhun et al., 2009). UNESCO
granted this designation in 2000, and it is critical to note that this designation does not come
with any form of jurisdictional authority, for this or any biosphere reserve. The designation is
intended to identify areas that are environmentally significant and impacted by human
activities, then each biosphere reserve organization must seek out locally applicable methods
to work with levels of government and citizens through cooperative decision-making processes
to improve the connection between humans and nature.
The majority of lands within the MABR are privately owned by two forestry companies,
with the remainder held by private owners and levels of government. Current issues within the
MABR include citizen concerns with ongoing forestry and mineral extraction activities, aquifer
recharge, dams in the upper regions of the headwaters, environmental protection, urban growth,
lake and wetland protection, water use, the protection of water for salmon (and other aquatic
species), and the impacts of climate change on all habitats, land uses, and people (AWSERWS,
2015; Bodtker et al., 2009). The boundaries of the MABR (Figure 2) are based on watersheds
and encompass the headwaters on Mount Arrowsmith, Mount Moriarty, Mount Cokely, and the
Nanoose peninsula. The MABR includes the complete watersheds of the Little Qualicum River,
French Creek, Englishman River, Bonnel Creek, and Nanoose Creek. The MABR also includes
the Ballenas/Winchelsea Islands archipelago and the surrounding marine area, six provincial
parks, and the Parksville-Qualicum Beach Wildlife Management Area.

3. RESULTS AND DISCUSSION
In Brazil, the balance between economic development and environmental protection was
first addressed in the Brazilian Environmental Policy that was adopted into law in the early
1980s (with Federal Law 6.938, 1981). After almost a decade of applying constitutional
principles, Brazilian Water Law was promulgated in 1997 (Federal Law 9.433). Brazilian Water
Law states that water is a common good and essential to life; balance must be achieved among
economic, ecological and social values. Water scarcity (even in tropical areas) presents the
greatest challenge regarding the regulation and conciliation of these multiple uses, and in
scarcity situations, by law, the priority is to ensure water is available for consumption by
humans and animals.
One of the major innovations introduced by this law compared to other previous water
governance models was decentralization of the decision-making process, shifting from
government centered to a decentralized and participatory model. Tenure water rights are held
only by the federal and state government, but some water-related policies can be held at
municipal levels (Libanio, 2014). Like many other Latin American countries did when
reforming their water institutions (Novo and Garrido, 2014; Jacobi et al., 2014), Brazil has
adopted an integrated watershed resources management approach: Brazilian Water Law
established the National Water Resources Policy (PNRH) and created the Integrated Water
Resources Management System (SINGREH).
Complementary to Federal Law 9.433, Federal Law 9.985 (2000), regulated by Federal
Decree 4.340 (2002) established the SNUC. This system instituted the federal policy aimed at
the in situ protection, preservation and conservation of the ecosystems by means of different
types of protected areas, each exercising their specific functions in the system as a whole:
integral protection conservation areas in which direct use of environmental resources is not
allowed; and sustainable use conservation areas with restricted and sustainable use of natural
resources. Theoretically both policies have adopted the principles of democratic, decentralized
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and integrated management, present in the 1988 Federal Constitution, and drawn up in the
country's democratization from strong pressure of social movements.
In Canada, the management of watersheds is under the jurisdictional responsibility of three
levels of government. At the federal level, the Constitution Act (1867) sets out the
responsibilities of the federal and provincial government; the text does not specifically
reference watershed management, and over time legislation, regulations, and policies relating
to watershed management have developed at federal, provincial, and local government levels.
The federal 1999’s Canadian Environmental Protection Act (CEPA) focuses on pollution
prevention and the protection of humans and the environment from toxic substances. Other key
acts implemented at the federal level that contribute to environmental protection, pollution
prevention, and biodiversity and conservation are: the Fisheries Act (1985), Canada Wildlife
Act (1985), Species at Risk Act (2002), Migratory Birds Convention Act (1994), and the
Canada Water Act (1985). The latter is concerned with water quality management and was
adopted to ensure that water is conserved, developed, and utilized in the most efficient manner
to benefit all citizens. The remaining federal acts are primarily focused on the protection of
ecosystems and avian, aquatic, and terrestrial species.
At the provincial level, British Columbia's 2016 Water Sustainability Act (WSA) sets out
regulations for water use and protection in BC. Other key acts that establish the regulatory
environment for water-related management include the 2015 Forest Range and Practices Act
(FRPA, which regulates crown lands) and the 2003 Private Managed Forest Land Act (PMFLA,
which regulates private lands) and these provide frameworks for forestry activities within
watersheds. The FRPA strives to protect water sources and ensure healthy riparian areas. The
PMFLA also aims to protect water quality during and following timber extraction, and also sets
out regulations for protecting fish and wildlife habitat. In addition, the province has
responsibilities for issuing licensing or lease arrangements to users within watersheds.
Provincial authorities also have jurisdictional responsibilities in watersheds pursuant to the
Environmental Management Act (2004), Environment and Land Use Act (1996), Fish
Protection Act (1997), Forests Act (1996), Water Protection Act (2001), Wildlife Act (2009),
and the Riparian Area Regulation (2004).
Through the Community Charter and Local Government Act, local governments are
involved in watershed management through the provision of potable water to citizens, adoption
of land use regulations, the establishment of development permit areas to protect
environmentally sensitive areas. These responsibilities are shaped by provincial legislation, but
the application and form of bylaws and services can differ substantially among local
governments.
For the area under investigation, the Regional District of Nanaimo, Town of Qualicum
Beach, and the City of Parksville maintain jurisdiction over local land uses and are the
authorities for the provision of water to their respective citizens. The three local governments
voluntarily consult with each other on issues of water provision and are also partners in the
Regional Growth Strategy (along with the District of Lantzville and the City of Nanaimo, which
are outside the watersheds under investigation); this document sets out eleven broad goals for
the partner local governments, including goals to “enhance the environment” and “encourage
cooperation among jurisdictions” (Nanaimo, 2011). Each level of local government also has
implemented official community plans that set out land use designations, and each has adopted
zoning bylaws that implement these official community plans on a lot by lot basis. First Nations,
non-governmental organizations, and environmental groups also contribute to environmental
protection initiatives. This collaboration between governments, organizations, and other
stakeholders is vital to the overall success of environmental management and sustainability in
Canada.
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Although legislation in Canada and Brazil developed from different colonial and legal
traditions (British for the former and Portuguese for the latter) there are similarities between
the legislative frameworks in the two jurisdictions, including hierarchies of jurisdiction,
overlapping authorities, and the evolution of new, locally focused regulatory regimes at the
local government level. Additionally, there are commonalities in that both jurisdictions have
been shaped by long histories of natural resource extraction: petroleum industry and
thermoelectric plants in the Brazilian case; and forestry and mining in the Canadian case.
Extractive activities continue in both jurisdictions, resulting in positive economic benefits for
workers and economies, but negative impacts for the environment. In both jurisdictions
extractive users have improved their practices over decades of activity, in part due to regulatory
changes and in part due to industry-initiated best practices and refocused mandates that consider
a longer-term perspective of resource management. These commonalities ensure that
comparisons between the two jurisdictions hold relevance, and opportunities to learn from each
other abound.
However, there is one key difference in the approaches taken to protect and manage
watersheds: in Brazil, the formation of Watershed Committee (WSC) that is given jurisdictional
responsibilities has reshaped the relationship between levels of government and has allowed
the achievement of concrete, locally determined actions. A similar approach has not been
adopted at local, provincial, or federal levels for the area under consideration in Canada,
creating a situation where working together toward shared objectives is organizationally and
practically much more tenuous. The main role played by the WSCs is conflict mitigation. These
“water parliaments” are advisory, deliberative, and legislative bodies for integrated and
decentralized water management in the territory under their responsibility. Though cited
elsewhere to be similar to Mexican advisory commissions (Grigg, 2008), Brazilian WSCs are
autonomous multi-stakeholder forums empowered with budgets from charging for bulk water
uses. They promote participation of representatives of water users, public authorities (from the
three government levels, federal, state, and municipal), organized civil society environmental
organizations, and teaching and research institutions in water governance. Funding for
conservation areas (CA) comes from federal or state governments.
Going from the federal to the regional level, in Brazilian case, the state of Rio de Janeiro
promulgated its State Water Law (Law 3.239/1999), establishing State Water Resources Policy
and creating a State System for Water Resources Management (SEGRHI) shortly following the
Federal Water Law. This new model of environmental governance was influenced by the
concept of IWRM in its broader sense, as described in Brazilian Water Law (Libanio, 2014)
but established macro-environmental regions as the territorial basis for environmental and water
planning and management. To implement the macro-environmental regions, state government
stimulated the formation of inter-municipal consortia, engaging municipalities, users of natural
resources and civil society organizations as co-responsible for designing environmental
planning and management. Among the diversified attributions of macro-environmental intermunicipal consortia was the promotion and implementation of WSCs. An important point in
state environmental policy was the regulation of the State Fund for Water Resources that
enabled each State WSC to invest in watershed conservation and management following the
board’s deliberations on budget applications, which reinforced participatory autonomous
mechanisms.
In Canada as in Brazil, there are various mechanisms for managing environmentally
sensitive areas governed by layers of jurisdictional authorities. All three levels of government
(federal, provincial, and local) engage, to varying degrees, in referral processes to other levels
of government. That is, legislation and regulations often contain sections that require a level
of government to provide draft documents, data, or other information to other levels of
government as part of a decision-making process and prior to the final consideration of a project
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or action. The three levels of government are often required to engage with local indigenous
governments, as well, through referral or formal consultation processes. The development of
non-governmental organizations that are given jurisdictional authority by levels of government
for managing sensitive areas is not a mechanism that is well-developed in Canada. There are
examples where agencies have banded together in affiliations or committees to share
information and work toward common goals (for example, various estuary committees on the
east coast of Vancouver Island), but these groups do not have jurisdictional authorities over
land or water management.
The State APA Macaé de Cima was created by State Decree 29.213. With a total area of
350 square kilometers, it transformed almost 40% of the municipal territory into a protected
area, without any public consultation with local small farmers, and no regard to the brand new
SNUC Law. Small farmers did not accept the creation of the APA, and recognized themselves
as “traditional populations” struggling for the "right decision" with respect to the territory they
have occupied for generations. The farmers showed concern for their survival and called
themselves "the true environmentalists" and felt "punished for having preserved the forests in
the region, while the rest of the world was destroying nature". Furthermore, the APA Macaé de
Cima was facing federative conflicts caused by the lack of integration of different spheres of
political power (municipality versus state government agencies, and state environmental
agencies versus themselves). As stated by Grigg (2008), poor interactions among government
units are additional institutional barriers to IWRM.
Similarly to what happened with RH VIII`s PRH and dissimilarly to other literature
reported examples (Giordano and Shah, 2014), in the APA`s case its Management Plan was not
undertaken to satisfy donors’ (nor officers’) interests. On the contrary, its elaboration was an
example of the mobilization of counselors, who used their technical and local knowledge to
change the technocratic tone of the originally proposed document. In the same way of the RHVIII’s PRH, a great focus of controversy was the presence of family farming and their
relationships with the preservation and conservation of Atlantic Rain Forest, the crucial point
of conflict in the region. Mediation of this conflict was achieved by rezoning and expanding
agricultural lands in APA. The Management Plan was concluded in late 2014. Re-enforcing
participatory environmental conservation policy, INEA reviewed the original composition of
the Advisory Council of APA Macaé de Cima, which has now has 30 members in total, and
twenty civil society institutions, all local.
The above-noted structures are not without their critics. Some advocate the lack of
evidence or poor reports about the benefits of IWRM (Giordano and Shah, 2014). Moreover, it
is said that in spite of its solid legal framework and modern policy principles, SINGREH has
failed to fill the void that still exists between national, state and local government cooperation
to solve serious water management issues linked to urban and rural pollution and water scarcity
in conditions of increasing water demands (Libanio, 2014). The author depicts a risk of moving
backward to centralized governance models, although he does recognize that over the past
twenty years there have been significant gains in citizen participation. We consider that
“granted participation” (the attempt to control the actions of various groups, associations and
individuals within the desired limits of government agencies) represents the major risk to
IWRM. These limits can be surpassed and then participation can become a real instrument for
strengthening citizenship. In this way, civil society has a fundamental importance for enhancing
collaborative governance mechanisms as we can see deconstructing the case of RH-VIII in Rio
de Janeiro.
With respect to the Canadian case study, when the MABR was founded in 2000 the original
management structure conformed to the requirements of the BC Society Act as the biosphere
was incorporated as the non-profit Mount Arrowsmith Biosphere Foundation). This included
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requirements for an elected board, annual general meetings, filings with the provincial
government on budgets and activities, and the right of membership for residents interested in
being a part of the MABR. In the decade up to 2010, this management method proved
problematic as difficulties ensued in identifying the purpose, mission, and practical actions that
could be taken to address the relationship between humans and nature in the MABR. In
addition, there was a history of distrust among levels of government, First Nations, private
landowners, environmental groups, and business interests in the MABR, which made the
definition and the movement toward shared goals challenging. This became apparent with the
conclusions reached by the UNESCO-appointed review committee for the Ten Year Periodic
Review for the MABR (Reed et al. 2010). As noted in the report, ongoing disagreement on the
purpose and objectives of the biosphere region caused turnover in the board of directors, and
limited goal definition and achievement. The report noted that these differences appeared to be
consuming much of the attention of the organization, instead of creating opportunities for
working toward goals shared among First Nations, forestry companies, government,
environmentalists and other regional stakeholders, as should be the focus of a biosphere reserve.
At issue as well was a lack of ongoing funding to sponsor activities, conduct research, or
complete outreach activities in the communities.
The Periodic Review Report energized activities focused on protecting the UNESCO
designation and moving to practical actions to improve the human/environment relationship in
the MABR. The directors of the Mount Arrowsmith Biosphere Foundation dissolved the nonprofit society status of the organization in 2014, and a new partnership and governance structure
was formed between Vancouver Island University (VIU) and the City of Parksville. For VIU,
the MABR provided a focus for a variety of student-based research initiatives through the newly
created Mount Arrowsmith Biosphere Region Research Institute. For the City of Parksville, the
Biosphere Reserve added to the unique identity of the region and emphasized that the midIsland is a place of innovation and learning. Since the founding of this partnership, the Town
of Qualicum Beach has signed a Memorandum of Understanding and joined the management
structure, and two local First Nations (Qualicum First Nation and Snaw Naw As First Nation)
have expressed support for the new management structure and the MABR. The management
approach now takes the form of a roundtable with recognition given to the First Nations as
having historic jurisdictional authority over all lands and waters within their Traditional
Territories, and new participants from government agencies and citizen representatives have
joined the roundtable. Operationally, all partners sit at the roundtable as representatives of their
agency or level of government. The roundtable partners are working to establish protocols that
will recognize the complexities relating to overlapping jurisdictions. All agree that they are in
attendance to share information, report on planned activities, and discuss actions that can work
toward common objectives. The intent is to provide a democratic, non-hierarchical method for
working toward shared goals on human/nature interactions.

4. CONCLUSIONS
There are lessons to be learned by the MABR from the evolution of WSC and APAs
Council in Brazil. Perhaps most important is the recognition of local citizens and stakeholders
in a decision-making process that provides for the “delegated power” and “citizen control”.
Equally important is the recognition provided to the WSC by levels of government. The
designation of a biosphere reserve does not come with a new and superseding level of regulatory
authority over the lands, waters, users, agencies, or citizens within their identified area. Instead,
the managers and participants in a biosphere reserve must work within federal, provincial, and
local government mandates to foster an improved connection between humans and nature. A
second lesson focuses on communications: there must be an open, transparent process for
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sharing information, and participants must feel respected and heard. The proponents in Brazil
recommend multiple means of communication, not limited to the use of digital tools that may
turn out to be exclusive or difficult for some community members. An additional issue for the
participants in the MABR be the assurance of confidentiality: each of the participants must be
able to commit to a process where dialogues that take place at a meeting are held as confidential
among all participants until the group agrees that information can be made public. A final lesson
is the need to focus on a common goal: for the WSC, this was guaranteeing a water supply
through the development of a Hydric Resources Plan and the implementation of APA's
Management Plan. For MABR, this shared goal is still to be realized. It is anticipated that an
approach that involves all parties in the determination of goals and objectives will be the best
method for moving from ideas to positive actions. This appears to be true across biosphere
reserves in Canada: similar findings regarding water quality, conservation and management of
land, and ecosystem services were reported by UNESCO in their review of the Canadian
reserves (UNESCO, 2013).
The process to create a WSC in Brazil ultimately appears to be a workable, practical, and
achievable method for moving jurisdictional responsibility and decision-making to a more local
level in a manner that involves a wide range of stakeholders in a cooperative and productive
forum for positive change. The current governance model in the MABR – an alliance of
roundtable partners, is not yet proven, but there is optimism among participants that a more
successful and productive relationship can be achieved that recognizes the unique
characteristics of the region, the longstanding sovereignty of First Nations over the lands, and
UNESCOs objectives for advancing science, education, and cultural activities.
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ABSTRACT
Hydroelectricity is responsible for the greatest fraction of the electric energy generated in
Brazil. The water footprint of hydropower plants (WFP) is an important indicator of the
sustainable and efficient use of water resources. In this context, WFP of the Sobradinho
Hydropower Plant was determined for the period from 2003 to 2012, taking into account the
reservoir’s historical variation for the flooded area. To accomplish this, monthly series of
electric energy production, flooded area, evaporation and evapotranspiration rates were used.
Average gross and net evaporation were 2,031 and 1,577 mm year-1, respectively. The average
power generation of this facility in the analyzed period was 462 MW, and the flooded area of
its reservoir presented an average value of 3,054 km². Based on the monthly data, the gross and
net water footprints were, respectively, 417 and 325 m³ GJ-1. Based on these results, it can be
concluded that the changes in the reservoir’s area exert direct and important influence on the
WFP estimates of the Sobradinho hydropower plant. The WFP estimates in this study were
different from other studies that adopted a constant value of 4,214 km² for this reservoir’s area,
which is taken based on the normal water level of the plant operation.
Keywords: evaporation, hydroelectric dams, water consumption.

Pegada hídrica da usina hidrelétrica de Sobradinho,
Nordeste do Brasil
RESUMO
A hidroeletricidade é responsável por grande parte da produção brasileira de energia
elétrica. Assim, a pegada hídrica de usinas hidrelétricas apresenta-se como um importante
indicador para análise e discussão de questões relacionadas ao uso sustentável e eficiente dos
recursos hídricos. Nesse contexto, foi caracterizada a pegada hídrica da Usina Hidrelétrica de
Sobradinho, no período de 2003 a 2012, considerando a variação histórica da área alagada pelo
reservatório. Para isto, foram utilizadas séries mensais de geração, área inundada, evaporação
e evapotranspiração. A evaporação bruta e líquida, médias do período de análise, foi de 2.031
e 1.577 mm ano-1, respectivamente. A energia média gerada no período foi de 462 MW médio,
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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enquanto a área de inundação do reservatório apresentou um valor médio de 3.054 km2. Com
base nos dados mensais estimou-se a pegada hídrica bruta e líquida em 417 e 325 m³ GJ-1,
respectivamente. A partir dos resultados pode-se concluir que a variação da área do reservatório
exerce influência direta e significativa na estimativa da pegada hídrica da Usina Hidrelétrica de
Sobradinho. Os valores obtidos de pegada hídrica diferem de outras estimativas que adotaram
o valor constante de 4.214 km2, correspondente a área do reservatório no nível d’água normal
de operação da usina.
Palavras-chave: consumo de água, evaporação, hidrelétrica.

1. INTRODUCTION
Hydroelectric power plants (HPPs) have accounted for up to 65% of electric energy
production in Brazil. Studies that address the relationship between water and hydroelectricity
generation have been increasingly required because of the growing concern regarding the water
sustainability of hydropower plants (Coelho et al., 2017).
The volume of water in the reservoirs lost by evaporation results in loss of electric energy
generation in cascade hydropower plants, in addition to the negative impacts on the allocation
of water resources. The evaluation of the effectiveness of the water resources is therefore
extremely important. According to Hoekstra et al. (2011), water footprint (WFP) is an indicator
of the efficiency of the use of water resources, as it can quantify the total water consumption of
a production chain.
Mekonnen and Hoekstra (2011) classified WFP as: i) green water footprint (“green
water”), which refers to the volume of rainwater consumed during the production process, being
more relevant to agricultural and forestry products; ii) gray water footprint (“gray water”), that
indicates the level of freshwater pollution associated with the production process; and iii) blue
water footprint (“blue water”), that is related to the consumption of surface or underground
freshwater. The WFP of HPPs is included in the last category.
The HPP’s water footprint considers how much water is annually lost from a reservoir’s
evaporation for a given annual electric energy production, being highly dependent on climatic,
topographical, hydrological and technological factors, rendering it specific to each plant
(Mekonnen and Hoekstra, 2011).
The water footprint is directly proportional to evaporation; that is, the greater evaporation,
the greater the WFP. Therefore, both the surface area of the reservoir and weather conditions,
such as air temperature and solar radiation, directly influence the evaporation (Bueno et al.,
2016). In general, hydropower plants have been characterized by a high water footprint,
especially in the tropical and subtropical regions, because the water losses by evaporation is
higher than in the temperate regions (Bueno and Mello, 2015).
The São Francisco River Basin encompasses the states of Minas Gerais, Bahia, Goias,
Pernambuco, Sergipe and Alagoas, and carries around 64.4 billion m³ of water annually to the
semi-arid region of northeastern Brazil, besides hydroelectric energy generation. Water
availability of the São Francisco River corresponds to 69% of the surface water in the Northeast
Brazil and presents an accumulated potential of 50.9 billion m³ per year. There are many
hydroelectric plants in the basin, including Três Marias, Sobradinho, Itaparica, Moxotó, Paulo
Afonso and Xingó. The total hydroelectric potential available in this basin is approximately
26,320 MW, and the Sobradinho plant solely presents an installed power capacity of 1,050 MW
(CODEVASF, 2004).
The Sobradinho HPP reservoir is one of the largest surface waters in the world, and
regulates water flows in the São Francisco River Basin, providing water to maintain the
downstream hydropower plants. According to Vieira et al. (2016), the average yearly
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evaporation of the reservoir is of 2,108 mm, which is equivalent to an average flow of
203 m³ s-1.
The flooded area of the Sobradinho HPP reservoir corresponds to the normal water level
of the plant (392.50 m) and is defined as 4,214 km2. This value has been taken into consideration
in studies related to this plant, including those related to the water footprint. However,
according to the long-term daily measurements of operating levels of the reservoir (from 1979
to 2012, totaling 34 years), the actual average flooded area is 3,062 km 2. This significant
difference in relation to the average flooded area provided in the design of the plant has strongly
influenced the evaporation rates, which leads to inaccurate WFP estimates.
The objective of this study was to refine the water footprint characterization of the
Sobradinho HPP using the historical variations of the flooded area of the reservoir, instead of
the average value which has been considered in other studies.

2. MATERIALS AND METHODS
2.1. Study area
The São Francisco River has its sources in the Canastra Range region in Minas Gerais
state, and flows through the states of Minas Gerais, Bahia, Goias, Pernambuco, Sergipe and
Alagoas, and the Federal District. The main hydropower plants installed in the São Francisco
River are Três Marias, Sobradinho, Itaparica, Moxotó, Paulo Afonso and Xingó (Pereira et al.,
2009).
The Sobradinho Reservoir is located in the sub-medium region of the São Francisco Basin
near Sobradinho County, Bahia, and approximately 40 km upstream from the cities of Juazeiro
(Bahia) and Petrolina (Pernambuco). The Sobradinho hydropower plant (HPP) has an important
role in electric energy generation along with water flow regulation for entire the basin (Vieira,
2015).
According to the São Francisco Hydroelectric Company (CHESF, 2014), the reservoir
storage capacity is 34 thousand cubic hectometers, regularizing a flow rate of 2,060 m³ s-1. The
Sobradinho HPP construction started in 1973 and began operation in 1979, with an installed
power of 1,050 MW.
The climate-types of the Sobradinho Reservoir region are arid and semi-arid, classified as
BSh according to Köppen climate, with high temperatures and low precipitation. The average
annual climate indicators are: precipitation (from 300 to 800 mm); temperature (27°C); total
annual insolation (2,800 hours), and potential evapotranspiration (1,550 mm) (CODEVASF,
2004).
2.2. Water footprint estimation for the hydroelectric generation
The calculation of the water footprint (WFP) of the Sobradinho HPP was performed using
the definition of Mekonnen and Hoekstra (2012), which is based on monthly evaporation,
evapotranspiration and electric energy generation. Thus, two approaches were considered,
Gross WFP and Net WFP, which were calculated using Equations 1 and 2, respectively:
𝐺𝑟𝑜𝑠𝑠 𝑊𝐹 =
𝑁𝑒𝑡 𝑊𝐹 =

𝐸𝑜
𝐻

(𝐸𝑜−𝐸𝑡𝑟)
𝐻

(1)
(2)

Where, WFP is the water footprint (m³ GJ-1), H is the annual electric energy production
(GJ year-1), Eo is the annual volume of evaporation (m³ year-1), obtained by the product of the
evaporated quantity (m year-1) and the reservoir’s area (m²), and ETr is actual annual volume
of evapotranspiration of the flooded area (m³ year-1), that is, the volume of water that would
naturally evaporate without the existence of the reservoir.
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The monthly electric power datasets applied in the study correspond to the period from
2003 to 2012, and were provided by the Brazilian Electricity Regulatory Agency (ANEEL,
2015). They are presented in Figure 1.

Figure 1. Monthly average power generation of the Sobradinho HPP for the period from
2003 to 2012.

By analyzing the historical data series of generation, it was verified that during the period
known as “blackout of the electric sector” (years 2001 and 2002) the average power generation
in 2001 was only 295 MW, much lower than the average of the period under study (462 MW).
In recent years of water shortage, the annual power generation averages reached 255 MW in
2014 and 192 MW in 2015, the lowest observed power generation since the beginning of
operation of the plant.
The monthly series of evaporation (Eo) of the Sobradinho Reservoir were obtained from
Vieira (2015), who applied the Penman method. The average annual evaporation of the period
from 2003 to 2012 was equal to 2,031 mm (Figure 2A).
The lowest evaporation rate was observed for May and June while the highest was
observed for October. According to Vieira et al. (2016), the evaporation peak in October is
explained based on the highest insolation, temperature and wind speed, associated with the low
precipitation rate in the region.
To calculate the net evaporation for the Sobradinho HPP, it was necessary to estimate the
actual evapotranspiration (ETr) of the area that was flooded by the reservoir. Climatological
water balance (CWB) proposed by Thorntwaite and Mather (1955), was used to calculate ETr,
and the potential evapotranspiration estimation (ETp) was performed with the equation
proposed by the same authors. The monthly data of average air temperature and precipitation
were obtained from Vieira (2015).
The monthly distribution of the actual evapotranspiration can be observed in Figure 2A.
For Sobradinho Reservoir, ETr is limited by the precipitation amount since ETp is much higher
than precipitation, which provokes a water deficit in all the months of the year. The estimated
annual evapotranspiration was 457 mm year-1.
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Figure 2. Monthly average evaporation of the Sobradinho Reservoir and evapotranspiration
of the flooded area estimated based on the Thornthwaite and Mather climatological water
balance (A), and monthly net evaporation of the Sobradinho Reservoir (B).

Based on both monthly evaporation (Eo) and actual evapotranspiration (Etr), it was
possible to estimate the net evaporation of the reservoir subtracting Etr from Eo. The monthly
variation of the net evaporation is presented in Figure 2B, and its annual total was about
1,577 mm year-1. By analyzing the behavior of the net evaporation, it can be seen that the
highest estimated value was obtained in October due to the combination of high evaporation
and low actual evapotranspiration. The lowest net evaporation was estimated for February,
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since the highest precipitation amount observed in this month increases the real
evapotranspiration.
As pointed out, unlike other studies that adopted a fixed water surface of 4,214 km² for the
Sobradinho Reservoir to estimate the evaporated water volume, this study considered the
monthly variation of the flooded area. Flooded area data were provided by Chesf, and the
monthly averages throughout the studied period can be seen in Figure 3. Larger water surfaces
were observed for April and May and smaller ones were verified for November and December.
The flooded area of the Sobradinho Reservoir showed an average value of 3,054 km 2 during
the studied period.
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Figure 3. Monthly average area of the Sobradinho Reservoir (in km2) throughout the
studied period (from 2003 to 2012).

For Mekonnen and Hoekstra (2011), the relationship between the surface of the reservoir
and the installed capacity of the hydropower plant has a greater impact on the estimation of the
water footprint than weather conditions (evaporation). The flooded area and the installed
capacity reflects a linear and positive relationship with the WFP for the Sobradinho HPP. In
general, hydropower plants that flood large areas per unit of installed power capacity present a
higher WFP than those which flood small areas per unit of installed power capacity. The
average relationship between the flooded area and the power generated by the Sobradinho HPP
during the studied period was 659 ha MW-1.

3. RESULTS AND DISCUSSION
WFP evaluation was performed considering evaporation and electric energy generation
simultaneously, since both variables influence its calculation in opposite ways. The greater the
evaporation, the greater the WFP for a given electric energy production and the higher the
power generation, the lower the WFP, whereas there is no increase in evaporation.
In general, the sensitivity result of the Gross WFP of Sobradinho HPP was higher regarding
the variation of electric energy generation than regarding the variation of the losses by
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evaporation. However, Net WFP estimated was more sensitive to the net evaporation
(difference between evaporation and actual evapotranspiration), and less sensitive to the
seasonality of electric energy generation. On the monthly scale, the variability of the electric
energy produced by Sobradinho HPP was much lower than the variability of net evaporation.
As the climate of the region is arid/semi-arid, potential evapotranspiration exceeds
precipitation, which causes a pronounced water deficit in the Sobradinho region. Therefore,
ETr is limited by the amount of rain, since it cannot surpass the precipitation in the region
(Pereira et al. 2009), which restricts the application of the CWB method in this region. As the
monthly amount of precipitation is strongly influenced by seasonality, the CWB method applied
in arid and semi-arid regions trends to generate results roughly in relation to the physical reality.
Thus, the ETr will present important seasonality, culminating in strong variation in the net
evaporation throughout the year.
Regarding Gross WFP and Net WFP estimates for the Sobradinho HPP, the difference
between them (∆WFP) as well as the respective monthly averages of gross and net evaporation
can be found in Table 1. Figure 4 shows the monthly distribution of both Gross WFP and Net
WFP for Sobradinho HPP throughout the year.
Table 1. Estimation of the gross and net WFP for Sobradinho HPP throughout studied the period.
Month

Average Generation
(GJ)

Gross Evaporation

Net Evaporation

Gross WF

-1

Net WF

∆WF

-1

(m³ month )

(m³ GJ )

Jan

1,121,782

495,781,787

229,315,116

442

204

238

Feb

1,200,240

489,120,781

167,046,978

408

139

268

Mar

1,341,411

525,897,057

245,419,468

392

183

209

Apr

1,396,747

532,536,227

329,354,960

381

236

145

May

1,317,996

491,813,012

469,801,944

373

356

17

June

1,185,688

468,516,619

459,202,265

395

387

8

July

1,218,786

501,853,866

495,773,730

412

407

5

Aug

1,248,455

549,065,236

549,065,226

440

440

0

Sept

1,219,380

550,323,772

549,183,624

451

450

1

Oct

1,240,575

535,704,135

490,276,583

432

395

37

Nov

992,457

453,932,815

385,145,892

457

388

69

Dec

1,091,830

461,242,568

341,673,216

422

313

110

The lowest Gross WF was obtained for the month of May, due to the lower evaporation
rate of the reservoir and greater electric energy generation at Sobradinho HPP, reaching the
maximum value in November under the influence of the highest evaporation and, mainly, of
the lowest electric energy generation (Figure 1). The average annual Gross WF for the studied
period was 417 m³ GJ-1.
In February, the lowest Net WF was obtained for the Sobradinho HPP due to the high
electric energy generation, and mostly to the lowest estimate of the net evaporation (as a result
of the high actual evapotranspiration). In September, the Net WF reached the highest value due
to the high evaporation and to the very low actual evapotranspiration, resulting in a significant
net evaporation. The average annual Net WF for the studied period was 325 m³ GJ-1.
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Figure 4. Average gross and net water footprint for Sobradinho HPP
throughout the studied period (2003 to 2012).

3.1. Comparison of the water footprint of the Sobradinho HPP with other studies
Mekonnen and Hoekstra (2011) estimated a Gross WFP of 399 m³ GJ-1 for Sobradinho
HPP. In their study, the calculation of evapotranspiration was carried out by means of the
Penman-Monteith equation using meteorological datasets observed at the Petrolina (PE)
weather station for the period between 1996 and 2005. They estimated a high evaporation rate
(2,841 mm year-1) along with high power generation (950 MW year-1) and fixed the flooded
area (4,214 km2) for the WFP calculation.
Ferreira and Firmo (2015) estimated a Gross WFP for Sobradinho HPP of 796 m³ GJ-1 and
615 m³ GJ-1 for Net WFP. The power generation adopted in the cited study was the average
from 1994 to 2014, according to ANEEL (2015) (479 MW). Gross and net reservoir evaporation
rates were calculated from the Brazilian National Electrical System Operator (ONS, 2004),
being, respectively, 2,521 and 1,946 mm year-1. The flooded area also was considered fixed,
and equal to 4,196 km2 (ONS, 2015)
Bueno and Mello (2015) estimated a WFP for Sobradinho HPP of 555 m³ GJ -1 and
326 m3GJ-1, respectively, for the Gross WFP and Net WFP methods. The power generation
considered in their study was the average from 2010 to 2012 obtained from ANEEL (2015),
and equal to 460 MW. The surface water of the reservoir was also fixed and equal to 4,214 km2,
corresponding to the normal operation of the facility. The authors estimated the evaporation of
the reservoir and the real evapotranspiration of the flooded area using the computer program
SisEvapo v2.0 – System to Calculate the Net Evaporation of the Reservoirs of the Brazilian
Electric System, adopted by the ONS. This computer system is based on the Complementary
Relationship Lake Evaporation (CRLE) and Complementary Relationship Area
Evapotranspiration – (CRAE) Models, both proposed by Morton (1983). The dataset used was
the climatological normal of the National Institute of Meteorology (INMET), which covers the
period from 1961 to 1990. The average evaporation considered to estimate Gross WFP was
1,909 mm year-1, and for the Net WFP, 1,121 mm year-1.
3.2. Main sources of errors in the WFP estimation for hydropower plants
The WFP studies for hydropower plants (Mekonnen and Hoekstra, 2011; Ferreira and
Firmo, 2015; Bueno and Mello, 2015) in general have adopted a fixed flooded area which
corresponds to the normal operating level of the plant (4,214 km2 for Sobradinho HPP). In this
Rev. Ambient. Água vol. 13 n. 3, e2134 - Taubaté 2018
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study, we could observe that the design average flooded area is significantly greater than the
actual area flooded by the reservoir (average of 3,062 km2), according to the long-term daily
water level monitoring provided by Chesf (34 years).
This difference in flooded area generates significant errors in the volume of the evaporated
water and, consequently, in WFP estimation. For example, considering the average of both
evaporation and electric energy produced by the Sobradinho HPP, it was observed that an error
of 1,000 km2 in the flooded area would result in an overestimation of 33% (139 m3 GJ-1) of the
Gross WFP of this facility.
Besides the flooded area, errors in the evaporation estimates can also provoke errors in the
WFP estimates. In the case of the Sobradinho HPP, the studies of Mekonnen and Hoekstra
(2011) and Ferreira and Firmo (2015) estimated evaporation rate values much higher than the
estimated ones in the present study and by the Bueno and Mello (2015) study as well. Therefore,
considering the average of both generation and flooded area in the studied period, an error of
500 mm in the annual evaporation would result in an overestimate of 25% (105 m³ GJ-1) of the
Gross WFP of the Sobradinho HPP.
Finally, as the greater electric energy production the smaller WFP, errors in the electric
energy production will also impact the WFP estimation. In this sense, we observed that for the
Sobradinho HPP, considering the average of both evaporation and the flooded area, an error of
±100 MW in the annual average power generation would result in errors in the gross WFP of
± 30% (± 126 m³ GJ-1). It should be noted that Mekonnen and Hoekstra (2011) adopted a high
power generation (950 MW year-1) for the Sobradinho HPP in their WFP calculation, while in
the present study and in others such as Ferreira and Firmo (2015) and Bueno and Mello (2015),
the power generation considered were near and lower than 467 MW.
The above considerations are also valid for an analysis of errors in the estimation of the
net water footprint of hydropower plants.

4. CONCLUSIONS
It was possible to refine the water footprint characterization for the Sobradinho HPP due
to a more precise evaporation estimation method, and consideration of the fluctuations in the
flooded area of the reservoir during the period from 2003 to 2012, as historically the flooded
area rarely reached the designed value (normal operating level) of the plant.
The Gross and Net WFP of the Sobradinho HPP were estimated at 417 and 325 m³ GJ -1,
respectively, a difference of 28% between the procedures.
Different WFP results regarding other studies carried out on the Sobradinho HPP were also
found, which may be justified by the differences in the evaporation values, power generation
and, mainly, the flooded area.
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ABSTRACT
This study evaluated the efficiency of coagulation/flocculation, sedimentation and
filtration processes using the combination of natural coagulant from Moringa oleifera Lam
(MO) and synthetic coagulant aluminum polychloride (PAC) for water treatment. Raw water
was obtained from the Pirapó River Basin, Maringá, Paraná State, Brazil.
Coagulation/flocculation and sedimentation assays were carried out in a Jar Test. A two-layer
rapid filter filled with sand and anthracite was used in the filtration stage. Water quality and
therefore the efficiency of the process were determined by means of the analysis of physical,
chemical and bacteriological parameters, including the determination of floc size and zeta
potential. The utilization of MO contributed to the reduction of the required demand of synthetic
coagulant PAC. The association of coagulants, with 80%/20% or 60%/40% of MO/PAC,
ensured an improvement of water quality parameters, such as apparent color, turbidity and
UV254nm, as well as the possibility of water production with adequate potability standard.
Keywords: aluminum polychloride, conventional water treatment, Moringa oleifera Lam.

Tratamento de água combinado com extrato natural de Moringa
oleifera Lam e coagulante sintético
RESUMO
O presente estudo consistiu em avaliar a eficiência dos processos de
coagulação/floculação, sedimentação e filtração, utilizando a associação do coagulante natural
obtido de Moringa oleifera Lam (MO) e do coagulante sintético policloreto de alumínio (PAC)
para tratamento de água. Foi utilizada água bruta proveniente da bacia do Rio Pirapó, Maringá,
PR, Brasil. Os ensaios de coagulação/floculação e sedimentação foram realizados em Jar Test.
Na etapa de filtração utilizou-se um filtro rápido de camada dupla de areia e antracito. A
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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qualidade da água e a eficácia do processo foram avaliadas por meio da análise de parâmetros
físicos, químicos e bacteriológicos, além da determinação do tamanho dos flocos e potencial
zeta. A utilização da MO contribuiu para a redução da demanda requerida do coagulante
sintético PAC. A associação dos coagulantes com 80%/20% ou 60%/40% de MO/PAC
garantiram a melhoria dos parâmetros de qualidade, tais como cor aparente, turbidez e UV254nm,
assim como a possibilidade de produção de água com o padrão de potabilidade adequado.
Palavras-chave: Moringa oleifera Lam, policloreto de alumínio, tratamento convencional de água.

1. INTRODUCTION
Water quality has significantly deteriorated and drinking water access has become one of
the major problems faced due to rising populations and industrialization, especially in
developing countries (Tukki et al., 2016). The World Health Organization (WHO) estimates
that 1.8 billion people in the World still do not have access to drinking water and more than
800,000 people are estimated to die of diarrhea as a result of low-quality drinking water,
sanitation and poor hand hygiene every year (WHO UNICEF, 2015). Hence, new technologies
for water treatment are essential for the reduction of pollutants, especially pathogens, producing
safe water for human consumption according to technical parameters required by law.
Synthetic coagulants have been widely used in conventional water treatment processes,
especially in the stages of coagulation/flocculation, filtration and sedimentation. Among them,
aluminum polychloride (PAC), which is an inorganic polymer, stands out since it has a rapid
aggregation speed, forms heavy flocs and requires lower dosages of coagulant, leading to a
smaller volume of sludge. Moreover, it can be easily replaced by other synthetic coagulants,
such as aluminum sulfate and ferric chloride (Srivastava et al., 2005). Additionally, it has been
widely studied since it exhibits better efficiency than other coagulants for color and turbidity
removal and has smaller temperature and pH dependence (Pisoi, 2011).
Despite the well known performance and cost-effectiveness of synthetic coagulants,
mainly aluminum sulphate and PAC, one of the major problems of these conventional products
is the residual aluminum content present in water after treatment, which has been linked to
Alzheimer's disease (Bongiovani et al., 2015).
The use of natural coagulants has been studied as an interesting alternative for water
treatment, primarily due to their abundant availability, low cost, non-toxicity, and
multifunctional behavior (Bhuptawat et al., 2007; Tukki et al., 2016).
Among the natural coagulants, Moringa oleifera Lam (MO) stands out as one of the mostused (Ndabigengesere et al., 1995). It is native to northern India, belonging to the Moringaceae
family, which is composed of one unique genre (Moringa) and 14 species (Anwar et al., 2007;
Meneghel et al., 2013). It is adapted to habitats with low pluviometric indexes and hot climates
and does not require any specific type of soil. However, it does not develop properly at low
temperatures, which can be a major drawback for biomass production in several parts of the
World (Poumaye et al., 2012).
It is assumed that MO seeds act as a coagulant in water clarification due to the presence of
a soluble, high molecular weight cationic protein, which can reduce the turbidity of treated
water (Ndabigengesere et al., 1995).
According to Valverde et al. (2018) MO does not alter significantly the pH (Awad et al.
2013) and alkalinity of water after treatment (Ndabigengesere and Narasiah, 1998). The sludge
produced during the coagulation process is innocuous because all MO byproducts are organic,
non-toxic and biodegradable (Ndabigengesere et al., 1995). Furthermore, MO seeds also have
antimicrobial activity (Joshua and Vasu, 2013).
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Aiming to improve the efficiency in coagulation/flocculation processes with MO, several
researchers have studied its association with synthetic coagulants, such as aluminum sulfate,
ferric chloride, PAC and anionic polymers (Awad et al., 2013; Bongiovani et al., 2014; David
et al., 2016; Freitas et al., 2016; Ghebremichael et al., 2009; Valverde et al., 2013; Valverde, et
al., 2015). However, there is still a shortage of comprehensive studies comparing the efficiency
of coagulant associations (Yin, 2010).
Thus, considering the coagulant properties of MO and PAC, the present work evaluated
the efficiency of coagulation/flocculation, sedimentation and filtration processes using the
association of these coagulants in raw water treatment processes.

2. MATERIALS AND METHODS
Raw water samples were collected from a public water-treatment system (WTS), Paraná
Sanitation Company (Companhia de Saneamento do Paraná, SANEPAR), located in Maringá
City, Paraná State, Brazil. The surface water is from the Pirapó river basin. Water
characterization before and after treatment was carried out by means of quality parameters such
as floc size, zeta potential (Delsa NanoTM C Beckman Coulter), apparent color, UV254nm
absorption (DR 5000 Hach Spectrophotometer), turbidity (2100P Hach Turbidimeter),
temperature (L-151/08 Incoterm Thermometer), pH (Thermo Scientific Orion VSTAR92
Versastar Meter), DOC (TOC-L CPH Shimadzu Total Organic Carbon Analyzer), total
trihalomethanes (TTHM) (Internal Standard Addition Method), alkalinity and volatile acids,
total hardness, total dissolved solids (TDS) (APHA et al., 1995), total coliforms and
Escherichia coli (TM EC 3M Petrifilm plate).
2.1. Coagulant preparation
Natural coagulant was prepared with 15 g of previously peeled MO seeds from Aracaju,
Sergipe, Brazil. The seeds were ground in a household blender for 3 minutes and dried in an
oven at 40°C until reaching constant weight.
Synthetic coagulant was prepared with a 1% (v/v) concentration, 1 mL of PAC in a
100 mL volumetric flask and filled up to the mark with distilled water.
2.2. Coagulation/flocculation and sedimentation process
Coagulation/flocculation assays were carried out in a six-paddle stirrer Jar Test with a
regulated paddle speed, using 700 mL of raw water.
The maximum dosages were adapted according to values cited in the literature as
50 mg L-1 for MO (Baptista et al., 2015) and 12.5 mg L-1 for PAC (Zouboulis and Tzoupanos,
2010). Coagulant dosages used in the assays are presented in Table 1.
Table 1. Coagulant dosages used in the association MO/PAC for water treatment.
% Coagulant (MO/PAC)
Dosage (mg L-1)

MO
PAC

100/0%
50
0.00

90/10% 80/20% 70/30% 60/40% 50/50%
45
1.25

40
2.50

35
3.75

30
5.00

25
6.25

Optimal operational conditions were experimentally determined in a previous study
(Valverde et al., 2015) for the association of MO seeds and PAC coagulants as being: 100 rpm
for 1 minute in order to provide rapid mixing; 45 rpm for 15 minutes in order to provide slow
mixing and 15 minutes for sedimentation.
After the coagulation/flocculation and sedimentation process, samples of treated water
were collected from each one of the flasks with the aid of a 20 mL graduated pipette.
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To compare the results, variance analysis (ANOVA) and Tukey Test were carried out at a
95% confidence interval, with a significant p-value < 0.05, in order to verify the significant
differences. The SISVAR statistical program was used (version 5.3) (Ferreira, 2011).
2.3. Filtration step
A rapid downflow filtration process was used after the coagulation/flocculation and
sedimentation assays, using treated water, as illustrated in Figure 1.

Figure 1. Scheme of rapid downflow filtration process.

The process consisted of a feed tank (1) and a continuous-flow filter feeding was carried
out by means of a peristaltic pump (2). A filtration rate of 240 m3 m-2 day-1 was adopted
(equivalent to a flow rate of 535 mL min-1). An acrylic column (3) with an internal diameter of
6.4 cm, a length of 35 cm with double-layer, and deep-bed filtration was used. The 20 cm highfiltration column was built with materials provided by SANEPAR, previously washed, with a
6 cm-thick layer of sand with granulometry between 0.42 mm and 2.00 mm, and a 9 cm-thick
layer of anthracite with granulometry between 0.71 and 2.40 mm, supported on a screen and a
5 cm layer of rolled pebbles with sizes between 1/4” and 1/8”. Flow rate measurement was
performed at the filter outlet (4) every 3 min, and the starting point for treated water sample
collection occurred in the final minute of filtration, that is, after a 15-min time span for a total
period of filtration of 21 min, in order to assure assay uniformity.

3. RESULTS AND DISCUSSION
Figure 2 presents the results for removal parameters of apparent color, turbidity and
compounds with UV254nm absorption obtained with the combination of coagulants.
The utilization of greater proportions of MO as coagulant in the coagulation/flocculation
and sedimentation processes led to lower removal efficiencies, with 70.1%, 75.1%, 56.7% for
removal of apparent color, turbidity, and UV254nm absorption, respectively. However, its use as
an adjuvant to PAC was interesting, since good results for all parameters were then observed.
It also diminished the amount of process residues, which is in agreement with Valverde et al.
(2013), Valverde et al. (2015), and Ghebremichael et al. (2009). Dalen et al. (2009) observed
the same synergy when PAC and MO seed powder were blended and used in water treatment
than using pure MO.
Rev. Ambient. Água vol. 13 n. 3, e2135 - Taubaté 2018

5

Combined water treatment with extract of natural …

Figure 2. Removal efficiency using different proportions of
synthetic and natural coagulants (MO/PAC).
*
The results with the same letter do not differ statistically by Tukey
Test at a 5% significance level.

Figure 2 show removal efficiencies above 90% for apparent color and turbidity quality
parameters, using MO/PAC dosages from 70%/30% to 50%/50%, with no significant statistical
differences between them. The best UV254nm removal efficiencies lie close to 80% at dosages
60%/40% and 50%/50% of MO/PAC.
According to Ghebremichael et al. (2009), MO is a viable coagulant in the partial
replacement of synthetic coagulants. However, the association of coagulants used in the
coagulation/flocculation and sedimentation processes is not sufficient to produce drinking
water. Tt is therefore necessary to add a filtration stage to improve the quality of treated water.
Considering that MO/PAC 80%/20% and 60%/40% dosages showed the best removal
efficiencies, it was decided to study their effectiveness in the other stages of this work. The
removal efficiency was around 85% for apparent color and turbidity and 71% for UV254nm
absorption with MO/PAC dosages of 80%/20% and around 92% for apparent color and
turbidity and 77% for UV254nm absorption with MO/PAC dosages of 60%/40%.
A control experiment was carried out using PAC as the coagulant. The removal efficiency
was around 95% for apparent color and turbidity and 90% for UV254nm absorption. Although
the results were positive, aluminium salts used as a primary coagulant in water treatment may
lead to increased concentrations of aluminium ions in drinking water (Muyibi and Alfugara,
2003) that may be related to neurological diseases besides accelerating the degenerative process
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of Alzheimer's disease (Joshua and Vasu, 2013). Thus, it is important to decrease the dosage of
the PAC coagulant used in coagulation/flocculation process.
The observed results for floc sizes and average values of zeta potential are shown in Table
2, considering only the supernatant after coagulation/flocculation and sedimentation processes
for dosages MO/PAC 80%/20% and 60%/40%.
Table 2. Floc size and zeta potential after coagulation/flocculation
and sedimentation processes.
Samples
Raw water
MO/PAC

% Coagulants

Zeta potential (mV)(1)

Floc size (nm)

80%/20%
60%/40%

-21.00 ± 0.38 a
-11.56 ± 0.57 b
-12.80 ± 0.44 b

3589.5
31924.6
47803.1

(1) Results are expressed as mean values ± standard deviation.
*
Means followed by the same letter in the same column do not differ
statistically by Tukey Test at a 5% significance level.

Zeta potential of raw water was -21.00 mV. After the coagulation/flocculation and
sedimentation processes, the observed results lie around -12.00 mV. A reduction of zeta
potential after treatment with MO as the association of natural coagulant with aluminum salts
has also been observed by other authors (Muyibi and Alfugara, 2003). The addition of synthetic
products to a colloidal dispersion causes a destabilisation of flocs by means of zeta potential
reduction. According to Muyibi and Alfugara (2003) the change in zeta potential indicated that
some charge neutralization had taken place to some degree. Therefore, the proposed coagulation
mechanism for MO used as a primary coagulant in the treatment of raw water is a combination
of a partial absorption and neutralization of charges, or adsorption and bridge-making in which
negative particles of colloids were adsorbed on MO’s surface.
Joshua and Vasu (2013) reported that when powder from seeds is added to muddy water,
proteins release positive charges, which attract negative-charged entities, such as mud, clay,
bacteria and toxic particles in the water. Flocculation occurs when proteins bind themselves to
the negative charges and produce flocs by aggregating particles in water (Valverde et al., 2018).
Several studies aimed to isolate and characterize the active coagulant compound present in
MO seeds. The coagulation mechanism in aqueous solution seemed to be adsorption and
neutralization of charges (Poumaye et al., 2012), based on results obtained by zeta potential
(Muyibi and Alfugara, 2003). Ndabigengesere et al. (1995) suggest that the adsorption
mechanism and bridge-making processes are also possible. Consequently, the activation
mechanism of MO as a coagulant is still undefined (Valverde et al., 2018).
Floc size is a crucial parameter in water treatment processes (Bongiovani et al., 2014). It
is also known that large flocs tend to present better removal efficiencies (Wang et al., 2009).
Floc size increases significantly with the addition of coagulants in water treatment. It was
observed that at lower MO dosages, and, consequently, higher synthetic coagulant dosages,
larger flocs are obtained, which corroborates the study of Dalen et al. (2009). The flocs formed
with MO aqueous extract are small and fragile, and the sedimentation process is slow
(Bongiovani et al., 2014).
Table 3 presents the characterization of water treated by means of the association of
coagulants MO and PAC after the coagulation/flocculation, sedimentation and filtration
processes.
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Table 3. Characterization of treated water after the coagulation/flocculation, sedimentation and
filtration processes.
% Coagulants (MO/PAC)

Quality parameters
(unidade)

Raw water

Control(1)

80%/20%

60%/40%

BRASIL
(2011)

USEPA
(2009)

1
2.0
0.025
27
7.466
4.565
32.2
30.0
18
23.50
43.00
100
Absence

15
5
6.0 – 9.5
100
500
1000
Absence
Absence

15
1
6.5 – 8.5
80
500
0
0

Residual values
Apparent color (uH)
Turbidity (NTU)
UV254nm (cm-1)
Temperature (°C)
pH
DOC (mg L-1)
TTHM (µg L-1) (2)
Alkalinity (mg L-1)
Volatile acids (mg L-1)
Total hardness (mg L-1)
TDS (mg L-1)
Total coliforms (CFU)
E. coli (CFU)

376
79.0
0.263
20
7.537
4.160
20.8
26.0
42
27.50
171.0
1200
200

19
6.0
0.049
25
7.562
2.742
13.5
27.0
24
25.75
115.00
500
200

1
2.6
0.020
28
7.322
5.975
33.8
26.0
30
25.00
50.00
Absence
Absence

Values allowed (Legislation)

(1)

Coagulation/flocculation, sedimentation and filtration process carried out just with raw water,
without the addition of the coagulants.
(2)
According to the TTHM analysis method, 1.5 mg.L-1 of sodium hypochlorite was added to the
filtered water and the time of contact was 8 h.

Through the obtained results using the dosages MO/PAC 80%/20% and 60%/40%, it was
possible to observe that, despite occurring a reduction in control residual values for most quality
parameters, it could be noted that apparent color, turbidity, total coliforms and E. coli results
are close to the maximum values allowed by legislation (Brasil, 2011; USEPA, 2009).
The turbidity parameter did not meet the quality required of water destined for human
consumption, according to American legislation (USEPA, 2009). However, as long as the
removal efficiency was higher than 95%, the use of MO in water treatment cannot be discarded.
It was verified that the DOC parameter increased in relation to raw water in a proportional
way to the dosage of natural coagulant MO coagulant added to the coagulation/flocculation,
sedimentation and filtration processes. Because it is a biodegradable product, the presence of
MO tends to increase the organic matter content in treated water (Vieira et al., 2010). Similar
results were observed in other studies (Ghebremichael et al., 2009; Awad et al., 2013). Despite
the increase in DOC, the use of doses under the concentration of 200 mg.L-1 of MO seed extract
recommended to treat water for humans does not pose a risk to human health (Rolim et al.,
2011).
In terms of TTHM analysis, the value 20.8 µg.L-1 was observed for raw water. After the
coagulation/flocculation, sedimentation and filtration processes carried out with the association
of coagulants, an increase in residual values higher than 55% was verified. According to some
researchers (Ghebremichael et al., 2005), there is a concern in relation to MO extract because,
being rich in organic matter, nutrients and vitamins, it can interfere with disinfectants used in
water treatment plants and lead to the formation of TTHM (Ndabigengesere and Narasiah,
1998). It is therefore suggested that the association of MO with the synthetic coagulant PAC is
a precursor of TTHM formation. However, the observed values still remain within the range
permitted by current legislation.
As for the bacteriological parameters, the absence of total coliforms was verified for an
80% dosage of MO coagulant combined with 20% synthetic coagulant. Despite a significant
decrease in microbial load, the presence of total coliforms for a 60% dosage of natural coagulant
combined with 40% PAC could still be observed. According to a recent study (Dasgupta et al.,
2016), the antimicrobial effects of MO seeds are attributed to the modification of the
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peptidoglycan backbone of the cell wall. In this way, it can be ascertained that the dosage of
natural coagulant interferes with the removal of total coliforms, constituting an indispensable
additional step of the disinfection process, so as to render microorganisms inactive and
guarantee the production of potable water.
The absence of E. coli was ascertained in all samples of treated water analyzed, which was
expected, as previous studies (Dasgupta et al., 2016; Suarez et al., 2003) with MO have
indicated the bactericidal activity of MO.
Thus, under the studied operational conditions concerning coagulant association, the
results found in physical, chemical and microbiological characterization of water were quite
impressive and, as a consequence in agreement with the limits required by Brazilian legislation
(Brasil, 2011).

4. CONCLUSIONS
The utilization of MO can play a key role in reducing the amount of the synthetic coagulant
PAC required to obtain treated water. The proposed association of coagulants using 80%/20%
or 60%/40% of MO/PAC resulted in drinking water in accordance with the limits required by
Brazilian legislation using a coagulation/flocculation, sedimentation and filtration process
under the studied operational conditions. Nevertheless, it is important to perform the
disinfection stage in order to assure water potability. In addition, the use of biocoagulants such
as MO presents a number of advantages over synthetic coagulants in terms of cost, availability,
low sludge volume and effective sludge disposal. The present study demonstrated that natural
coagulants could be effectively used to complement synthetic coagulants in water treatment.
All benefits and advantages in environmental and public health make this technology
competitive both in developing and developed countries.
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ABSTRACT
Composting is an alternative for recycling biodegradable organic waste, transforming it
into organic fertilizer that can be used as agricultural nutrients, avoiding its disposal in landfills.
This study evaluated the composting of household organic waste as a substitution for cattle
manure, with a view to its application in the fertilization of cherry tomatoes (Solanum
lycopersicum Mill., Var. Cesariforme). Thus, compost piles were set up using 30% organic
waste (carbon source) and 70% tree-pruning residues (filling material). Two sources of organic
waste were tested: household food waste (FW) and cattle manure (CM), at five proportions
(15% FW + 15% CM, 10% FW + 20% CM, 20% FW + 10% CM and the controls 30% CM
and 30% FW). After 90 days, the mature compost from each pile was mixed with coconut fibre
in a 1:1 ratio and used as substrate filled in 15 L plastic pots, where the cherry tomato plants
were grown. The experiment was conducted under greenhouse conditions in a randomized
block design, with five treatments and five replicates. Assessments of growth and leaf mineral
composition were performed for the cherry tomato plants. The results indicate that cattle
manure can be replaced by household food waste as the organic material used in compost piles.
Fertilization with organic compost from household food waste positively influenced the growth
and nutrient assimilation in the leaf tissue of cherry tomato.
Keywords: biodegradable waste, organic fertilizer, Solanum lycopersicum Mill.

Compostagem de resíduo orgânico doméstico e seus efeitos no
crescimento e composição mineral do tomateiro cereja
RESUMO
A compostagem é uma alternativa para reciclagem de resíduos orgânicos biodegradáveis,
transformando-os em adubo orgânico que podem ser utilizados como aporte de nutrientes para
fins agrícolas, evitando sua deposição em aterros sanitários. O objetivo do presente estudo foi
avaliar a compostagem de resíduo orgânico doméstico em substituição ao esterco de bovino,
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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com vista a sua aplicação na adubação do tomateiro cereja (Solanum lycopersicum Mill., var.
cesariforme). Nesse sentido, foram construídas pilhas de compostagem com 30% de resíduos
orgânicos (fonte de carbono) e 70% resíduos de podas de árvores (material de enchimento).
Foram testadas duas fontes de resíduo orgânico: resíduos alimentares de origem doméstica
(FW) e esterco bovino (CM), em cinco proporções (15% FW + 15% CM, 10% FW + 20% CM,
20% FW + 10% CM e os controles 30% CM e 30% FW). Após 90 dias, o composto maturado
de cada pilha foi misturado com substrato de fibra de coco na proporção de 1:1 e acondicionado
em vasos plásticos de 15 L, onde as plantas de tomateiro cereja foram cultivadas. O experimento
foi conduzido em casa de vegetação utilizando o delineamento experimental de blocos
casualizados, com cinco tratamentos e cinco repetições. Foram realizadas avaliações de
crescimento e composição mineral do tecido foliar do tomateiro cereja. Os resultados indicam
que o esterco bovino pode ser substituído por resíduos alimentares como material orgânico para
construção das pilhas de compostos. A adubação com composto orgânico oriundo de resíduos
alimentares influenciou positivamente no crescimento e assimilação dos nutrientes no tecido
foliar do tomateiro cereja.
Palavras-chave: adubação orgânica, resíduo biodegradável, Solanum lycopersicum Mill.

1. INTRODUCTION
The management of municipal solid wastes is a problem faced by all developing countries.
The rapid pace of growth of population, economic activity, urbanization and industrialization
is associated with accelerated waste generation (Srivastava et al., 2015; Kumar et al., 2017;
Butu and Mshelia, 2014). Therefore, inadequate waste management is a serious environmental
problem, which is even more pronounced when it comes to biodegradable municipal solid
wastes.
Biodegradable solid wastes are usually incinerated (Agarwal et al., 2005; Taylan et al.,
2008) or dumped in open areas, which may cause health and environmental issues. In addition,
the incineration of biodegradable wastes with a high moisture content results in the release of
dioxins (Katami et al., 2004), highly toxic and persistent pollutants that pose a threat to humans
and the environment (Paritosh et al., 2017).
In this context, there is a need to prioritize the management of biodegradable solid wastes,
which can be undertaken by responsible governmental authorities as well as non-governmental
entities (associations, cooperatives and companies). However, recycling these wastes is not a
common practice in Brazil. No treatment or proper disposal is carried out, and landfills are
usually their main destination. Thus, further research is necessary in order to evaluate
alternative techniques, such as composting, for recycling organic solid wastes from domestic
sources.
Composting has several advantages over incineration and landfilling, and it is an effective
solution to recycle such wastes. This is because it has lower operating costs, reduces
environmental impacts and, most importantly, the final product can be used as fertilizer (Li et
al., 2013). This technique not only reduces the amount of waste sent to landfills, but also
contributes to social, ecological and economic improvement, being the best alternative for the
management and transformation of organic waste.
In Brazil, there are highly populated urban areas where the production of a large amount
of household compost which could be used as fertilizer in nearby agricultural fields would be
possible (Vich et al., 2017). From a sustainability point of view, household organic waste must
be efficiently reused in the economic and productive cycle before its final disposal (Ferreira et
al., 2018).
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From this perspective, this paper assessed the growth and mineral composition of cherry
tomato plants fertilized with organic compost from household organic waste as a substitute for
cattle manure.

2. MATERIAL AND METHODS
The research was conducted in two stages in Mossoró, Rio Grande do Norte, Brazil
(Lat. 514 S, Long. 37189 W and Alt. 18 m). In the first stage, the compost piles were set up
using different proportions of household organic waste and cattle manure. In the second stage,
the mature compost obtained from each proportion tested was evaluated as a fertilizer source
for the growth of cherry tomato plants (Solanum lycopersicum Mill., var. cesariforme).
2.1. Stage 1 description
Five compost piles were set up in a courtyard of the Associação Comunitária Reciclando
para a Vida (ACREVI), in Mossoró, Rio Grande do Norte, Brazil. Three proportions of
household food waste (FW) and cattle manure (CM) (T1 = 15% FW + 15% CM, T2 = 10% FW
+ 20% CM and T3 = 20% FW + 10% CM) and two controls (T4 = 30% CM and T5 = 30% FW)
were used. The piles consisted of 30% organic waste (carbon source) and 70% tree pruning
residues (filling material). The household food waste was collected in a popular restaurant and
urban dwellings, whereas the filling material was obtained from the public cleaning service.
Conical-shaped piles 1.60 m high and 2.00 m wide were spaced parallel to each other to
facilitate handling of the compost. The piles were irrigated daily with tap water and manually
turned every three days during the first week, then every ten days.
During the maturation process, the piles were monitored weekly by measuring
temperature, humidity and pH. The physical-chemical properties of the mature composts were
determined by the standard method (Embrapa, 2009), including: OM, C:N ratio, N, P, K, Ca,
Mg, S, Fe, Cu, Zn, B, Mn and Na.
In the evaluation of the temperature of the piles during the composting process, high initial
temperatures were observed, from 35 to 50°C, reaching a maximum temperature of 65°C during
the thermophilic phase, while in the final phase the temperatures were 30 to 35°C.
2.2. Stage 2 description
After 90 days of maturation, the organic compost (OC) from each treatment of Stage 1 was
mixed with coconut fibre in a 1:1 ratio and used as substrate in 15 L plastic pots, where the
cherry tomato plants were grown. The pots were drilled and had a 3 cm layer of gravel and a
2 mm nylon mesh placed at the bottom to facilitate drainage. The experiment was conducted
under greenhouse conditions at the Department of Environmental and Technological Sciences
of the Universidade Federal Rural do Semi-Árido (Mossoró, Rio Grande do Norte).
The treatments consisted of the organic composts produced in the first stage, where OC1,
OC2, OC3, OC4 and OC5 were obtained from the maturation of the compost piles T1, T2, T3, T4
and T5, respectively. A randomized block design with five treatments, five replicates and six
plants per plot was used, totalling 25 experimental plots and 150 plants. From each plot, only
the four inner plants were considered as useful plants. Pots and rows were spaced by 0.35 and
1.0 m, respectively.
The cherry tomato was sown in polystyrene trays with 128 cells, where each of them was
filled with earthworm humus and received three to four seeds. Seedlings were irrigated
manually twice a day using tap water, in the morning (7:30 a.m.) and in the late afternoon
(4:30 p.m.). At 10 days after sowing, the seedlings were thinned to one plant per cell. Plants
were transplanted to the pots after showing four expanded leaves.
An automatic drip irrigation system, with a timer to control the irrigation depth, was
programmed for two daily irrigations. The system had self-compensating drippers with a flow
Rev. Ambient. Água vol. 13 n. 3, e2141 - Taubaté 2018
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rate of 2.0 L h-1. After reaching 60 cm height, the plants were grown as a single stem and staked
to avoid the contact of branches, flowers and fruits with the soil. Staking was performed using
a ribbon which was fixed to two wires.
Plant growth was assessed biweekly, from 15 to 90 days after transplanting (DAT), by the
following variables: shoot height, stem diameter and leaf number. Shoot height (SH) was
obtained using a metric tape, whereas stem diameter was measured with a digital caliper, always
at 1.0 cm above of substrate. Leaf number was counted using only leaves of the main branch.
Shoot fresh and dry weight were recorded at the end of the experiment (DAT) using leaves
of one plant per plot. In the laboratory, the leaves were weighed, washed in distilled water,
packed in Kraft paper bags and dried in a forced-air oven at 65ºC. After drying, they were
weighed again in order to determine the fresh weight:dry weight ratio.
The same samples from assessment of the fresh weight were used to determine the mineral
composition of the leaf tissue. After drying, they were ground and stored in plastic containers
for later assessment of the total nitrogen and other nutrients (P, K, Ca, Mg, S, Fe, Cu, Zn, B,
Mn and Na).
The results were subjected to analysis of variance using the F test at 5% probability with
the aid of the statistical program ASSISTAT 7.7 (Silva and Azevedo, 2016). The Tukey test
(p < 0.05) was used to compare the mean values.

3. RESULTS AND DISCUSSION
3.1. Growth of cherry tomato plants
Based on the analysis of variance, no significant effect was observed for shoot height (SH),
stem diameter (SD) and root length (RL), whereas leaf number (LN), shoot fresh weight (SFW)
and leaf area (LA) showed a significant effect (p < 0.01). For shoot dry weight (SDW), there
was an effect at the 5% level (Table 1).
Table 1. Analysis of variance for the shoot height (SH), stem diameter (SD), root
length (RL), leaf number (LN), shoot fresh weight (SFW), shoot dry weight (SDW)
and leaf area (LA) of cherry tomato fertilized with organic composts produced using
different proportions of cattle manure and household food waste.
QM
SV

DF

SH

SD

RL

LN

SFW

SDW

LA

Blocks
Treatments
Error
Total
CV%

4
4
16
24

44.8ns
290.4ns
100.4

0.9ns
3.1ns
1.85

26.1ns
78.5ns
55.31

1792.2ns
11398.1**
1653.2

436.1ns
5008.6**
849.8

50.4ns
204.9*
43.1

3500007.3ns
13175450.4**
2633513.5

7.8

10.5

16.8

22.5

23.5

28.3

29.4

According to the F-test: ** significant at the 1% level (p < 0.01); * significant at the
5% level (0.01 ≤ p < 0.05); ns not significant (p ≥ 0.05). SV = source of variation;
DF = degrees of freedom; CV = coefficient of variation.

Tomato plants fertilized with OC5 (30% FW) showed the highest LN at the end of the
cycle, although they did not differ from those fertilized with OC1 (15% FW + 15% CM) and
OC2 (10% FW + 20% CM). On the other hand, the lowest LN was recorded in plants fertilized
with OC3 (20% FW + 10% CM), which was statistically similar to that observed after
fertilization with OC4 (30% CM) (Figure 1A).
Regarding LA (Figure 1B), the best results were observed with OC5 fertilization, and were
statistically similar to those obtained for plants treated with OC4, OC1 and OC2. The OC3
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treatment resulted in the lowest LA. According to Reis et al. (2013) and Gonzalez-Sanpedro et
al. (2008), leaf area is an important variable for modelling plant growth and development and,
therefore, total crop yield. These authors stress that the increment in leaf area provides an
increase in the ability of the plant to use solar energy in order to carry out photosynthesis, and
thus can be used to evaluate yield.
Figure 1 also shows that LA influence SFW (Figure 1C) and SDW (Figure 1D). The
treatments showing the most significant results for LA were the same ones that led to increased
shoot fresh weight and shoot dry weight (OC5, OC1, OC2 and OC4, respectively), which
indicates that these variables are correlated.

Figure 1. Mean values of leaf number (LN) (A), leaf area (LA) (B), shoot fresh weight (SFW)
(C) and shoot dry weight (SDW) (D) of cherry tomato fertilized with organic composts produced
using different proportions of cattle manure and household food waste.
Means followed by the same letter do not differ significantly at the 5% level (Tukey Test).

Quantifying the biomass production is relevant because it indicates the photosynthetic
efficiency of a crop and serves as an indicator of its final yield. According to Figueiredo et al.
(2010), the speed with which biomass is accumulated after germination may be used as an
indicator of the yield and economic life of a crop. For Rocha (2009), the main storage organ of
dry matter in the tomato crop is the leaf. Although leaves are a source of photoassimilates, they
are also characterized as the main drains, followed by the stem and fruits.
For SH, SD and RL, treatments had no significant effect at the end of the cycle. Several
authors have reported that the use of organic fertilizers do not show a significant effect on the
shoot height and stem diameter of tomato plants. Araújo et al. (2011) observed that the cherry
tomato showed better development after treatment with organic fertilizers. However, the
statistical analysis proved that there was no significant effect on SH, LN and SD. These results
are consistent with those found by Matos et al. (2015), who studied the use of organic fertilizers
as a replacement for chemical fertilization in cherry tomato grown under different irrigation
levels. The authors reported that plants treated with humus did not show a significant increase
in shoot height and stem diameter.
Wang et al. (2017) conducted a study in a greenhouse to evaluate the impacts of replacing
Rev. Ambient. Água vol. 13 n. 3, e2141 - Taubaté 2018
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mineral fertilizer with organic fertilizers for one full growing period on soil fertility, tomato
yield and quality using soils with different tomato planting history. The authors found that
vermicompost and chicken manure compost more effectively promoted plant growth, including
stem diameter and plant height compared with other fertilizer treatments, in all three types of
soil.
As reported by Reis et al. (2013), the principles and practices of growth analysis aim to
describe and interpret the performance of a given species in a natural or controlled environment.
In general, the highest results of LN, LA, SFW and SDW were observed in tomato plants
fertilized with OC5 (organic compost containing 30% FW). Plants fertilized with OC3 (compost
containing 20% FW + 10% CM) showed the lowest values for these growth variables.
3.2. Leaf mineral composition
Table 2 shows the analysis of variance for the macro and micronutrient content in leaves
of tomato plants grown under different organic composts. A significant effect was observed on
copper (Cu) and manganese (Mn) at the 5% level. Moreover, there was a significant effect on
the phosphorus (P) and iron (Fe) content at the 1% level.
Table 2. Analysis of variance for the mineral composition of the leaf tissue of cherry tomato
fertilized with organic composts with different proportions of cattle manure and household food
waste.
Nutrients
SV
Blocks
Treatments
Error
Total
CV (%)

DF
4
4
16
24

N
3.74ns
5.37ns
3.49

P
0.48ns
6.59**
0.22

K
0.64ns
2.41ns
1.63

Ca
4.30ns
58.77ns
25.18

Mg
0.31ns
0.51ns
0.26

Cu
10.68ns
21.76*
7.13

Mn
134.21ns
356.49*
78.33

Fe
49888.46ns
828926.86**
171367.3

Zn
44.51ns
71.89ns
83.85

14.54

19.28

21.11

16.84

7.12

21.4

13.94

24.32

26.24

According to the F-test: ** significant at the 1% level (p < 0.01); * significant at the 5% level
(0.01 ≤ p < 0.05); ns not significant (p ≥ 0.05). SV = source of variation; DF = degrees of
freedom; CV = coefficient of variation.

As for nutrient uptake, calcium was the most-absorbed macronutrient in the leaf tissue of
tomato plants under all treatments, a very important fact, because according to Nurzynski and
Jaros (2012) calcium is fundamental for a tomato crop, because when it is deficient blossom
end rot disease occurs on the fruit. Nitrogen was the second most commonly found
macronutrient, followed by magnesium, potassium and phosphorus (Table 3).
It can therefore be inferred that the order of nutrient concentration in the leaf tissue was
Ca>N>Mg>K>P. Similar results were observed in the leaf tissue of tomato plants grown under
a protected environment and subjected to various biofertilizer doses and irrigation depths
(Sales, 2014). On the other hand, Moreira (2012) studied the nutrition and development of
tomatoes fertilized with biofertilizers and verified the following order Ca>N>K>P>Mg.
According to the author, the differences regarding this order of nutrient concentration in the
leaf tissue might be a consequence of the growth stage, which influences the content of virtually
all macro- and micronutrients.
With respect to the effect of the organic composts on macronutrients (Table 3), only the
phosphorus levels were influenced by the different proportions of household food waste and
cattle manure. The phosphorus content in tomato leaves was higher when plants were grown in
the plots fertilized with composts containing cattle manure, which are represented by the OC1,
OC2, OC3 and OC4 treatments. The highest phosphorus levels were observed under OC3
fertilization, which had a lower proportion of cattle manure.
Rev. Ambient. Água vol. 13 n. 3, e2141 - Taubaté 2018
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Table 3. Mean values of macronutrients in the leaf
tissue of cherry tomato fertilized with organic
composts with different proportions of cattle manure
and household food waste.
Macronutrients (g Kg-1)

Treatments
N

P

K

Ca

Mg

OC1
OC2
OC3
OC4
OC5

12.51a
11.81a
12.08a
13.56a
14.26a

5.24a
5.68a
6.07a
4.31ab
3.22b

5.69a
7.07a
6.24a
5.2a
6.03a

29.25a
30.22a
31.61a
24.4a
33.56a

7.52a
7.22a
6.71a
7.28a
6.9a

Dms

3.62

1.84

2.48

9.74

0.98

Means followed by the same letter do not differ
significantly at the 5% level (Tukey test).

According to Fan et al. (2018), phosphorus is an important nutrient for root growth and
plays a critical role in plant metabolism. Maia et al. (2013) investigated the effect of organic
fertilization on cherry tomato plants and found higher phosphorus levels in plants treated with
a mix of soil and cattle manure. Similarly, the highest phosphorus concentration was observed
under the lower manure proportion.
Also regarding the assimilation of macronutrients, Figure 2 shows that plants grown under
OC1, OC2, and OC3 fertilization absorbed mainly magnesium, potassium and phosphorus,
respectively. As for plants fertilized with OC5 (30% FW), there was a higher accumulation of
calcium, followed by nitrogen. In contrast, OC4 fertilization (30% CM) did not induce
significant macronutrient content when compared to the other treatments. This is likely to be a
consequence of the lack of diversity of material used in the compost pile that produced this
organic fertilizer.

Figure 2. Percentage of macronutrients absorbed in the leaf tissue of
cherry tomato fertilized with organic composts produced using different
proportions of cattle manure and household food waste.
Rev. Ambient. Água vol. 13 n. 3, e2141 - Taubaté 2018
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Related to the mineral composition of the leaf tissue, the P, Ca and Mg levels might be
considered as appropriate for the tomato crop (Embrapa, 2009). Although the N and K levels
are relatively low, the reference values are based on a different sampling period. This may have
led to the disparity in the levels of these nutrients.
Several authors have reported the influence of organic fertilization on the mineral
composition of tomato leaves. Maia et al. (2013) found that the macro- and micronutrient
contents in cherry tomato leaves under different doses of cattle manure compared to the
chemical fertilization were influenced by the addition of the organic fertilizer to the contents of
N, P, K, Ca, Mg, S, Mn and Zn.
Regarding the micronutrient content (Table 4), iron (Fe) was the most absorbed in all
treatments, followed by manganese (Mn), zinc (Zn) and copper (Cu). The predominant Fe
content might be a consequence of the high concentrations of this micronutrient in the organic
composts.
Nevertheless, only the Cu, Mn and Fe content in the leaf tissue were influenced by the
diversity of organic materials used in the piles that originated the different composts. For the
Cu content, even though a significant effect was observed at the 5% level according to the F
test, the mean values of all treatments was found to be statistically similar (Table 4). The highest
Mn content was observed in the OC4 treatment. In contrast, the lowest concentrations of this
micronutrient were observed in plants grown under OC1 and OC2 fertilization, which were
statistically similar, although they did not differ from those observed under the OC3 and OC5
treatments.
Plants fertilized with OC1 (15% FW + 15% CM) and OC3 (20% FW + 10% CM) showed
higher and lower Fe content, respectively. Nevertheless, the latter did not differ from the OC4
control (30% CM) and the OC2 treatment (10% FW + 20% CM).
Table 4. Mean values of micronutrients in the leaf
tissue of cherry tomato plants fertilized with organic
composts with different proportions of cattle
manure and household food waste.
Micronutrients mg Kg-1
Treatments
Cu

Mn

Fe

Zn

OC1
OC2

13.33a
14.06a

54.46b
55.77b

2255.00a
1629.40ab

38.47a
38.39a

OC3

14.15a

68.45ab

1142.40b

32.28a

OC4
OC5

11.64a
9.21a

74.39a
64.29ab

1607.60ab
1875.20ab

35.49a
29.86a

Dms

5.18

17.18

803.47

17.77

Means followed by the same letter do not differ
significantly at the 5% level (Tukey test).

According to Malavolta et al. (1989), the Cu, Mn and Zn concentrations in the leaf tissue
are considered to be at appropriate levels. However, the Fe content showed values higher than
those quoted as appropriate for the tomato crop. The order of micronutrient concentration for
the cherry tomato at 90 DAT was Fe>Mn>Zn>Cu.
Figure 3 shows that the concentration of Zn, Mn and Cu in the leaf tissue was similar,
whereas the iron content was significant increased. This was probably due to the excess of this
nutrient in the organic composts, considering the fact that iron is an immobile element and high
levels are usually shown in the upper parts of the plant. In spite of this, the Fe concentration
was not sufficient to cause phytotoxicity, given that plant growth was not compromised.
Rev. Ambient. Água vol. 13 n. 3, e2141 - Taubaté 2018
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Figure 3. Percentage of micronutrients absorbed in the leaf tissue
of cherry tomato fertilized with organic composts with different
proportions of cattle manure and household food waste.

The mineral composition of the leaf tissue depends on several factors, including soil and
climatic conditions, genetics of the cultivar, growth stage and the bioavailability of nutrients
from organic fertilizers, which may vary with the chemical composition and diversity of the
material. In this study, the factor that most influenced nutrient concentration was the diversity
of the material used to produce the organic composts.

4. CONCLUSIONS
Cattle manure can be replaced by household food waste as the organic material used in
compost piles without compromising cherry tomato growth;
Fertilization with organic compost from household food waste positively influenced
nutrient assimilation in the leaf tissue of cherry tomato;
There was no nutritional deficiency in tomato plants grown under any of the proportions
of organic waste studied;
In general, composting from household food waste and tree pruning residues was the most
satisfactory due to the production of a compost that significantly increased plant biomass, and
can be considered an effective technique for recycling this organic waste.
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ABSTRACT
This study evaluated the growth and gas exchanges of guava, cv. ‘Paluma’ cultivated in
salinized soil and subjected to different nitrogen (N) doses in a protected environment in the
municipality of Campina Grande-PB. The experimental design was randomized blocks, in a
5 x 4 factorial arrangement with three replicates, and the treatments resulted from the
combination of five salinity levels in the soil saturation extract - ECse (2.15, 3.15,4.15, 5.15
and 6.15 dS m-1) and four N doses (70, 100, 130 and 160% of the recommended N dose). The
dose referring to 100% of N corresponded to 541.1 mg of N dm-3 of soil. At 120 and 180 days
after (DAT), plant growth was evaluated based on stem diameter (SD), leaf area (LA) and
number of leaves (NL). At 210 DAT, the following variables of leaf gas exchanges were
evaluated: stomatal conductance (gs), internal CO2 concentration (Ci), transpiration (E) and
CO2 assimilation rate (A). ECse above 2.15 dS m-1 reduced stem diameter, leaf area, number of
leaves, stomatal conductance, internal CO2 concentration, transpiration and CO2 assimilation
rate, in both evaluation periods. N dose above 70% of the recommendation (378.7 mg N dm-3
of soil) did not mitigate the deleterious effects caused by the salt stress on the growth and gas
exchanges of guava plants.
Keywords: fertilization, physiology, Psidium guajava L., salt stress.

Interação entre salinidade do solo e nitrogênio no crescimento e trocas
gasosas de goiabeira
RESUMO
Objetivou-se, neste trabalho, avaliar o crescimento e as trocas gasosas de goiabeira cv.
‘Paluma’, cultivada em solo salinizado e submetidas a diferentes doses de nitrogênio, em
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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ambiente protegido no município de Campina Grande-PB. O delineamento experimental foi em
blocos casualizados, em arranjo fatorial 5 x 4, com três repetições, cujos tratamentos resultaram da
combinação de cinco níveis de salinidade no extrato de saturação do solo – CEes (2,15; 3,15; 4,15;
5,15 e 6,15 dS m-1) e quatro doses de nitrogênio (70, 100, 130 e 160% de N, da dose recomendada).
A dose referente a 100% de N correspondeu a 541,1 mg de N dm-3 de solo. Aos 120 e 180 dias após
o transplantio (DAT) foi mensurado o crescimento das plantas em: diâmetro do caule (DC), área
foliar (AF) e número de folhas (NF), e aos 210 dias após o transplantio foram realizadas as leituras
das trocas gasosas foliares: condutância estomática (gs), concentração interna de CO2 (Ci),
transpiração (E) e taxa de assimilação de CO2 (A). A CEes acima de 2,15 dS m-1 reduziu, o diâmetro
de caule, a área foliar, o número de folhas, a condutância estomática, a concentração interna de
CO2, a transpiração e a taxa de assimilação de CO2, em ambas épocas de avaliação. A dose de N
acima de 70% da recomendação (378,7 mg N dm-3 de solo) não mitigou os efeitos deletérios
ocasionados pelo estresse salino sobre o crescimento e as trocas gasosas das plantas de goiabeira.
Palavras-chave: adubação, estresse salino, fisiologia, Psidium guajava L.

1. INTRODUCTION
Guava (Psidium guajava L.) is a fruit crop widely cultivated in the Southeast and Northeast
regions of Brazil, and is a highly profitable activity with great potential for expansion. The
production of guava fruits in Brazil has substantially increased in the last years, from 281
thousand tons in 2001 to 359 thousand tons in 2014 in an area of 16 thousand hectares (IBGE,
2014).
Soil salinization is a critical factor for plant production in protected environments, due to
the low tolerance to salinity of commercial plants (Eloi et al., 2011; Medeiros et al., 2012). In
general, in a protected environment there is an accumulation of certain ionic species, such as
the cations Na+, Ca2+ and Mg2+ and the anions Cl- and SO42-, affecting plant water consumption,
lowering the osmotic potential in the soil and decreasing the water potential of the plants,
besides causing ionic toxicity due to excess of Cl-, Na+ and Ca2+, among others.
The excess of sodium salts, besides causing damage to the soil’s physical properties, results
in generalized reduction of growth in the cultivated plants, leading to serious damage to
agricultural activity (Cavalcante et al., 2010).
Among various processes affected by salinity, it is known that water absorption by plants
and gas exchanges are negatively affected due to the reduction in the osmotic potential. It is
assumed that this behavior can reduce growth due to the lower absorption of CO2 from the
atmosphere and, consequently, lead to reduction of photosynthesis (Praxedes et al., 2010).
According to Távora et al. (2001), in the initial growth stage guava can be classified as sensitive
to salinity, with threshold salinity in the soil saturation extract of 1.2 dS m-1.
Fertilization management practices have been developed in various countries, in the
attempt to mitigate the deleterious effects of the salts contained in both soil and irrigation water
on the plants. These practices include conventional fertilization techniques, based on the use of
fertilizers, which favor the absorption of nutrients by the plants under saline conditions (Silva
et al., 2011a).
The existing recommendations for the application of nutrients in guava plants need
scientific support, because the number of studies on the topic is small and the recommended
doses of fertilizers are very different from those practiced by the fruit growers (Mendonça et
al., 2012).
Barhoumi et al. (2010) highlighted that nitrogen (N) fertilization, besides promoting plant
growth, can also reduce the effect of salinity on the plants. Such effect can be attributed to the
functions of the N in the plants, since it performs a structural function, participating in various
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organic compounds that are vital for the plant, such as amino acids, proteins, proline, among
others. Studies have demonstrated that the accumulation of these organic solutes increases the
osmotic adjustment capacity of the plants to salinity and increases the resistance of the crops to
water and salt stresses (Lacerda et al., 2003; Silva et al., 2008).
The application of nitrogen can minimize the adverse effects of salinity on the development
of plants, because according to Del Amor et al. (2000) there is evidence of competition in nitrate
and chloride uptake, so that an increase in nitrate concentration in the root zone may decrease
chloride uptake by the plant. In this context, several studies indicate a positive effect of the
interaction between water salinity and nitrogen fertilization, Lima et al. (2014) in castor beans,
Guedes Filho et al. (2015) in sunflower crops. However, Silva et al. (2017), evaluating the
effects of irrigation with saline waters (ECw: from 0.3 to 3.5 dS m-1) on the formation of
rootstocks, and Paluma and Souza et al. (2016), also studying the irrigation with saline waters
and nitrogen doses on Crioula guava during the formation of rootstocks, did not find a beneficial
effect of this interaction on the growth and quality of guava rootstocks.
Although there are studies related to evaluation of the interaction between salinity and
nitrogen in the guava crop, such studies are limited to the evaluations during the formation of
rootstock phase. Considering that there may be variation in the degree of tolerance of the crops
in the function of development stages, salt concentration, edaphoclimatic conditions and
fertilization management, it is important to conduct new studies to evaluate the mitigation effect
of nitrogen on the growth and gas exchange of guava under saline stress in the post-grafting
phase.
Thus, this study evaluated the growth and gas exchanges of ungrafted guava plants, cv.
‘Paluma’, as a function of soil salinity and increasing N doses.

2. MATERIAL AND METHODS
The study was carried out from October 2015 to May 2016 at the Center of Technology
and Natural Resources of the Federal University of Campina Grande (CTRN/UFCG), in a
greenhouse located in the municipality of Campina Grande-PB (7º13’11” S; 35º53’31” W;
550 m).
The experimental design was in randomized blocks distributed in a 5 x 4 factorial scheme,
with three replications. The treatments were composed of five levels of electrical conductivity
of the saturation extract - ECse (2.15, 3.15, 4.15; 5.15 and 6.15 dS m-1), and four doses of
nitrogen fertilization (378.7, 541.1, 703.4 and 865.7 mg of N dm-3 of soil), corresponding to 70,
100, 130 and 160% of the recommendation of Souza et al. (2016). The values of electrical
conductivity of the soil saturation extract were based on the threshold salinity of the crop
(ECse = 1.2 dS m-1).
The soil material was placed in lysimeters without drainage (110 kg per lysimeter). The
soil was classified as eutrophic Regolithic Neosol, with loamy sand texture, collected in the
0-30 cm layer in the municipality of Esperança-PB, whose physical and chemical characteristics
(Table 1) were determined according to methodologies described by Donagema et al. (2011).
Feralization at planting was manually performed by applying in each lysimeter 183.3 g of
single superphosphate (single basal dose) and 27.5 g of potassium chloride, split, 1/3 of the
recommended dose as basal and the other 2/3 divided into two equal applications at 30 and 60
days after transplanting. The treatment of N fertilization, using urea (45% N) as source, was
split into 12 equal applications in intervals of 30 days from transplantation on. The amount of
fertilizer applied in the treatments was calculated considering the N (100%) as equivalent dose.
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Table 1. Chemical and physical characteristics of the soil used in the experiment.
Total
porosity

Density
(g cm-3)
1.14

Exchange complex

Organic
matter

Water content (%)

(%)

0.33 atm

15 atm

Saturation

(g kg-1)

58.24

19.42

7.57

36.66

29.3

P
(mg dm-3)

Ca2+

Mg2+

Na+

K+

(cmolc dm-3)
3.98

9.07

2.78

1.64

0.23

Saturation extract
pHse

ECse

Ca2+

Mg2+

K+

Na+

(dS m-1)
5.43

2.15

Cl-

SO42-

CO32-

HCO3-

0.00

0.00

2.10

(mmolc dm-3)
9.25

6.50

0.18

9.18

12.50

pHse - pH of the soil saturation extract; ECse - electrical conductivity of the soil saturation extract at
25ºC.

After the soil was placed in the lysimeters, it was salinized by dissolving the salt applied
via irrigation in ECse treatments of 3.15, 4.15, 5.15 and 6.15 dS m-1, respectively adding 25.80,
51.61, 77.42 and 103.23 g of NaCl (without iodate). The respective doses of the salt were
determined through a previous test and the amount was calculated by Equation 1, as cited by
Rhoades et al. (2000):
C = 640 ∗ (ECse − ECsei) ∗ Ws

(1)

Where:
C – amount of salt, mg L-1
ECse – pre-established value of electrical conductivity of the soil saturation extract, dS m-1
ECsei – initial value of electrical conductivity of the soil saturation extract.
Ws – weight of soil in dry weight, kg
After salinization, the lysimeters were irrigated with rainwater (0.06 dS m-1) to bring the
soil to field capacity. Then, after rest, the ungrafted guava seedlings, cv. ‘Paluma’, were
transplanted.
Irrigations were equally performed for all plants using rainwater every three days,
increasing soil moisture to the mean tension of the field capacity. Thus, there was no leaching
in any of the irrigations.
At 60 days after transplanting (DAT), the branches were selected regarding vigor and
sanity, and thinning was performed to standardize the plants (leaving three 20-cm-long main
branches per plant), responsible for forming the base of the crown, according to the
recommendation of EMBRAPA (2010).
At 120 and 180 DAT, the following variables were evaluated: stem diameter - SD (mm),
measured with a digital caliper 5 cm above the soil level; number of leaves - NL, by counting
the leaves with fully expanded leaf blade; and leaf area - LA (cm2), estimated using the equation
proposed by Lima et al. (2014), based on the midrib length (L), according to Equation 2.
LA = (0.3205 ∗ L2.0412 )

(2)

Where:
LA – leaf area, cm2;
L – midrib length of the central leaf, and the final sum of the areas per leaf provides the
total leaf area of the plant.
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At 210 DAT, the following measurements were perfomed: internal CO2 concentration (Ci),
stomatal conductance (gs), CO2 assimilation rate (A) and transpiration (E), in fully developed
leaves, from 07:00 to 09:00 a.m., using the infrared gas analyzer IRGA (“LCPro+” - ADC
BioScientific Ltda). The results were subjected to analysis of variance by F test at 0.05 and 0.01
probability levels and, for significant effect, linear and quadratic regression analyses were
applied, using the program SISVAR (Ferreira, 2011). Stomatal conductance and leaf area
required transformation of the original data to √𝑥, while transpiration and CO2 assimilation rate
data were transformed to √𝑥 + 1.

3. RESULTS AND DISCUSSION
According to Table 2, there was significant effect of the saline levels (p<0.01) on the
variable SD at 120 DAT and (p<0.05) at 180 DAT, besides the variables LA and NL (p<0.01)
in both evaluation periods. For the factor N doses (ND), there was significant effect of the doses
(p<0.05) and (p<0.01) at 120 and 180 DAT, respectively, on all variables. Regarding the
interaction between factors (S x ND), there was no significant effect on any of the studied
variables.
Table 2. Summary of the analysis of variance for stem diameter (SD), leaf area (LA) and number
of leaves (NL) of ungrafted guava plants, cv. ‘Paluma’, in salinized soil under nitrogen doses, at
120 and 180 days after transplanting (DAT).
Mean square
Source of variation

Salinity (S)
Linear regression
Quadratic regression
N doses (ND)
Linear regression
Quadratic regression
Interaction (SxND)
Blocks
CV (%)
**

DF

SD

LA

NL

120 DAT

180 DAT

120 DAT1

180 DAT

120 DAT

180 DAT

4
1
1
3
1
1
12
2

11.23**

5.02*

10099819.95**

20491924.61**

3362.80**

37.85**
3.49ns
3.53*
9.90**
0.68ns
1.32ns
2.29ns

19.02**
0.03ns
11.52**
32.58**
1.98ns
1.08ns
22.10**

30280711.60**
6329989.99**
5425079.10*
15615863.64**
17032.24ns
413189.30ns
1882558.36ns

69958524.82**
2373935.65ns
20906760.72**
52279312.34**
6892536.06ns
2960533.01ns
45280843.61**

10584.40**
1243.14*
2132.37*
6274.61**
112.06ns
248.75 ns
315.11ns

9445.47**
36960.30**
46.09ns
13575.39**
32344.08**
8378.01*
678.63ns
4138.40ns

-

13.54

10.27

17.27

12.27

23.39

17.81

and * Significant at 0.01and 0.05 probability levels by F test;
Statistical analysis performed after data transformation to √𝑥.

ns

Not significant by F test,

1

The stem diameter of the guava cv. ‘Paluma’ decreased linearly as a function of the
increment in ECse levels and, according to the regression equations (Figure 1A), SD was
reduced as the ECse levels increased, with decreases of the order of 5.48 and 2.62% per unit
increase in ECse, at 120 and 180 DAT, respectively. The inhibition of growth must have been
caused mostly by the toxic effects of the salts absorbed by the plants and the low osmotic
adjustment capacity of the crop, which delay cell expansion and division, promoting negative
effects on the photosynthetic rate and compromising the physiological and biochemical
processes of the plants (Gomes et al., 2011; Nunes et al., 2012), consequently causing decrease
in SD, which may have occurred because of these factors.
For the N doses, according to the regression equation (Figure 1B), the SD was negatively
influenced, with reductions on the order of 5.33 and 4.10% for every 30% increase in the N
dose, at 120 and 180 DAT, respectively. These results agree with those obtained by Souza et
al. (2016), who studied the effects of N doses on guava development and observed that the
highest N doses also caused higher reduction in stem diameter.
Rev. Ambient. Água vol. 13 n. 3, e2130 - Taubaté 2018
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Figure 1. Stem diameter (A, B), leaf area (C, D) and number of leaves (E, F) of guava plants, cv. ‘Paluma’,
as a function of soil salinity – ECse and nitrogen doses, at 120 and 180 days after transplanting (DAT).

As observed for stem diameter, leaf area also suffered linear reduction as a function of the
increase in soil salinity, with reductions of 9.59 (120 DAT) and 6.41% (180 DAT) per unit
increase in the ECse (dS m-1) of the soil (Figure 1C). Guava plants cultivated in soil with ECse
of 6.15 dS m-1 showed reductions of 48.32 and 29.77%, respectively, in relation to those
subjected to 2.15 dS m-1. It can be stated that the LA of guava plants at 120 and 180 DAT is
sensitive to the increase in the salt stress of the soil. According to Alves et al. (2011), the
reduction in leaf area, caused by the salt stress, is related to the effect of the osmotic potential
of the soil solution, inhibiting the absorption of water and nutrients by the plants.
Rev. Ambient. Água vol. 13 n. 3, e2130 - Taubaté 2018
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According to the LA as a function of the application of N doses (Figure 1D), there was a
linear effect, with decreases of the order of 9.30 and 6.99% for every 30% increment in N dose,
respectively, for 120 and 180 DAT. The highest reductions in LA are intensified with the
increase in the N doses; however, in both periods, the dose of 70% (378.7 mg of N dm-3 of soil)
was sufficient to promote the highest LA. Similar results were obtained by Souza et al. (2016),
who worked with ‘Crioula’ guava seedlings and observed greater LA growth at the mean dose
of 541 mg of N dm-3 of soil, corresponding to 70% of N of the dose applied on the guava
rootstock in the evaluation periods.
The number of leaves (NL) was significantly reduced by soil salinity in the evaluations.
There were linear decreases in NL as a function of the increase in ECse, equal to 8.58 and
6.27% per unit increase in ECse at 120 and 180 DAT, respectively (Figure 1E). Oliveira et al.
(2011) cite that the reduction in NL is related to morphological and anatomical modifications
in the plant, with the objective of maintaining water absorption under saline conditions and
reducing transpiration, which may have occurred in the present study, causing reduction in NL
with the increase in soil salinity.
Figure 1F shows the regression analysis for NL as a function of the N fertilization, which
demonstrates a linear reduction with the increase in N doses, of the order of 9.08 and 7.25%, at
120 and 180 DAT, respectively, for every 30% increment in the N dose. The decrease in guava
NL can be related to the lower plant growth due to the restriction in the process of absorption;
consequently, there is a reduction in the flow of water and nutrients in the soil-plant-atmosphere
direction, causing morphological and anatomical alterations in the plant. Similar results of NL
were observed by Souza et al. (2016), who worked with guava, cv. ‘Crioula’, under N
fertilization, and also obtained reduction in NL as the N doses increased.
According to the summary of the analysis of variance (Table 3), the factor saline levels
significantly affected stomatal conductance, internal CO2 concentration, transpiration and CO2
assimilation rate (p<0.01), but there was no significant effect of the N doses or the interaction
of S x ND on any of the studied variables.
Stomatal conductance (gs) in the cv. ‘Paluma was reduced by the increment of soil ECse
(Figure 2A). Plants subjected to ECse of 2.15 and 6.15 dS m-1 showed gs values of 0.20 and
0.12 mol of H2O m-2 s-1, respectively, corresponding to a relative reduction of 36.22% in gs.
There was a relative decrease of 7.58% at 210 DAT, per unit increase in ECse. This fact was
possibly due to the water regulation mechanism of the guava crop, when subjected to low water
potentials in the soil because of the increase in salinity, compromising stomatal opening. Silva
et al. (2013) also reported that plants close their stomata to reduce water losses through
transpiration, resulting in a lower photosynthetic rate, which constitutes one of the causes of
the reduced growth of the species under salt stress conditions (Travassos et al., 2011).
The internal CO2 concentration (Ci) also decreased linearly as a function of the increment
in ECse. According to the regression equation (Figure 2B), guava plants subjected to ECse of
2.15 and 6.15 dS m-1 significantly reduced the Ci, showing values of 267.64 and
218.92 µmol m-2 s-1, respectively, with a reduction in Ci of 18.20%, in relation to plants
developed in the treatments with higher ECse. The relative reduction for each increment in
ECse was equal to 4.14%, at 210 DAT. This relative reduction in Ci can be attributed to the
lower stomatal conductance, a common response of the plants to salt stress (Praxedes et al.,
2010; Silva et al., 2011b).
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Table 3. Summary of the analysis of variance for stomatal
conductance (gs), internal CO2 concentration (Ci), transpiration
(E) and CO2 assimilation rate (A) in ungrafted guava plants, cv.
‘Paluma’, in saline soil under nitrogen doses, at 210 days after
transplanting (DAT).
Mean square
Source of variation
Salinity (S)
Linear regression
Quadratic regression
N doses (ND)
Linear regression
Quadratic regression
Interaction (SxND)
Blocks
CV (%)

DF

gs1

Ci

E2

A2

4
1
1
3
1
1
12
2

0.0118**
0.0403**
0.0038ns
0.0028ns
0.0027ns
0.0001ns
0.0022ns
0.0005ns

4838.233**
17812.033**
1281.523ns
48.016ns
142.830ns
0.816ns
7.266ns
152.216ns

1.541**
6.075**
0.053ns
0.200ns
0.333ns
0.266ns
0.130ns
0.050ns

13.903**
53.734**
0.002ns
1.134ns
1.840ns
0.541ns
1.705ns
6.112**

-

18.41

7.04

14.26

9.66

**

and *Significant at 0.01and 0.05 probability levels by F test;
Not significant by F test; 1, 2Statistical analysis performed after
data transformation to √𝑥 and √𝑥 + 1, respectively.
ns

Figure 2. Stomatal conductance - gs (A), internal CO2 concentration - Ci (B), leaf transpiration - E (C) and
CO2 assimilation rate - A (D) in guava, cv. ‘Paluma’, as a function of soil salinity - ECse, at 210 days after
transplanting (DAT).

Leaf transpiration (E) of guava plants, cv. ‘Paluma’, subjected to ECse of 2.15 and
6.15 dS m-1 also decreased significantly with the increment in salinity, exhibiting values of
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0.95 and 0.05 μmol m-2 s-1, respectively, with a relative reduction of 15.71% at 210 DAT per
unit increase in ECse, with reduction of 94.93% in E (Figure 2C). The reduction in plant
transpiration observed with the increment in soil salinity occurred due to the osmotic effect of
the salts around the roots and the possible accumulation of potentially toxic ions
(Na+ and Cl-) in the leaf tissues. Consequently, the plants started to have greater control over
the stomatal opening to avoid excessive water loss through transpiration (Souza et al., 2011).
The reduction in the transpiration rate according to Pinto et al. (2008) is directly related to the
decrease in stomatal conductance, and Machado et al. (2005) emphasize that if there is smaller
stomatal opening, there is also a decline in transpiration, with a consequent increase in leaf
temperature.
In addition, according to Figure 2D, the CO2 assimilation rate (A) of the plants subjected
to ECse of 2.15 and 6.15 dS m-1 decreased linearly at 210 DAT, with values of 4.18 and
1.50 µmol m-2 s-1, respectively, and relative reduction of 11.90% per unit increase in ECse. The
lower CO2 assimilation rate can be a consequence of the stomatal closure. Amorim et al. (2010)
observed that cashew plants under salt stress exhibit a lower CO2 assimilation rate and
hypothesized that it was caused by the reduction in stomatal opening, which was also found in
the present study. Therefore, it can be inferred that the saline treatments caused stress on the
plants, so that the salts may have stimulated stomatal closure. However, the prolonged exposure
to the salts leads to alterations in the water status of the plants, inducing stomatal closure and,
consequently, limitation in CO2 entry. In addition, high concentrations of ions such as Na+ and
Cl- have been pointed out as main causes of damages to the structure of enzymes and
membranes, indirectly interfering with the CO2 assimilation rate (Silva et al., 2011b).

4. CONCLUSIONS
The growth and gas exchanges of guava, cv. ‘Paluma’, are negatively affected by the
increment of salinity in the soil saturation extract, and transpiration is the most compromised
variable.
Nitrogen doses above 378.7 N dm-3 of soil promote reduction in guava growth and the
effect is intensified according to the evaluation periods.
The interaction between the electrical conductivity of the soil saturation extract and
nitrogen doses did not influence any of the evaluated variables of guava, cv. ‘Paluma’.
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ABSTRACT
Due to the scarcity of water in the semi-arid region of Northeast Brazil, in both quantitative
and qualitative terms, the use of saline water in agriculture should be considered as one
alternative for irrigated agriculture. This study therefore aimed to evaluate the photosynthetic
pigments, growth and production of West Indian Cherry as a function of irrigation using waters
with different salinity levels and potassium (K) fertilization, after grafting. The study was
carried out in drainage lysimeters under greenhouse conditions, in a eutrophic Regolithic
Neosol with sandy loam texture, in the municipality of Campina Grande, PB. The experiment
was set in a randomized block design, to test two levels of irrigation water electrical
conductivity - ECw (0.8 and 3.8 dS m-1) and four K2O doses - KD (50, 75, 100 and 125% of
recommendation), with three replicates. The dose relative to 100% corresponded to 79.2 mg
K2O kg-1 of soil. Irrigation with high salinity water stimulated the biosynthesis of chlorophyll
b and carotenoids, while the chlorophyll a content and the growth of the cherry were reduced
markedly in the post-grafting phase. The harmful effects of salinity on the total number of fruit
and fresh mass of West Indian Cherry fruit were minimized with potassium fertilization.
Keywords: Malpighia emarginata, potassium, salt stress.

Efeito da água salina e adubação potássica nos pigmentos
fotossintéticos, crescimento e produção da aceroleira
RESUMO
Diante da escassez hídrica, tanto em termos quantitativo como qualitativo, que ocorre no
semiárido do Nordeste Brasileiro, o uso de água salina na agricultura deve ser considerado
como uma alternativa para a agricultura irrigada. Neste contexto, desenvolveu este trabalho
com o objetivo de avaliar os pigmentos fotossintéticos, o crescimento e a produção da aceroleira
em função da irrigação com águas de diferentes salinidades e adubação potássica, pós-enxertia.
O estudo foi conduzido em lisímetros de drenagem em condições de casa de vegetação, no
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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Neossolo Regolítico Eutrófico de textura franco-arenosa, no município de Campina Grande,
PB. Usou-se o delineamento de blocos ao acaso, testando-se dois níveis de condutividade
elétrica da água de irrigação – CEa (0,8 e 3,8 dS m-1) e quatro doses de potássio – DK (50, 75;
100 e 125% da recomendação), com três repetições. A dose referente a 100% correspondeu
79,2 mg K2O kg-1 de solo. A irrigação com água de elevada salinidade estimulou a biossíntese
de clorofila b e carotenóides, enquanto o teor de clorofila a e o crescimento da aceroleira foram
reduzidos acentuadamente, na fase pós-enxertia. Os efeitos prejudiciais da salinidade sobre o
número total de frutos e massa fresca de frutos da aceroleira foram minimizados com a
adubação potássica.
Palavras-chave: estresse salino, Malpighia emarginata, potássio.

1. INTRODUCTION
Belonging to the Malpighiaceae family, the West Indian Cherry (Malpighia emarginata
D. C.) is a fruit native to Tropical America that stands out for its high nutritional value,
especially as source of ascorbic acid, vitamin A, iron, calcium and complex-B vitamins
(thiamin, riboflavin and niacin). It is consumed both fresh and processed, in the forms of juices,
ice creams, jellies, syrups, liqueurs, sweets in syrup, among other products (Esashika et al.,
2013).
Most West Indian Cherry orchards in Brazil are concentrated in the Northeast region, and
the states of Bahia, Ceará, Paraíba and Pernambuco account for most of the national production.
In this region, high temperatures, low rainfalls, irregular rainfall distribution and intense
evaporation in most months of the year is common, which make the practice of irrigation
indispensable to guarantee agricultural production with safety (Nobre et al., 2011; Lima et al.,
2014). However, most waters used in irrigation contain relatively high contents of salts, which
is one of the main obstacles for the crop production system.
With the increase of salinity in the root environment, the photosynthetic pigments, growth
and production of the crops are compromised. This probably occurs due to the reduction in
water absorption by plants, caused by the decrease in the osmotic potential of the soil solution,
which can also lead to ionic toxicity, nutritional imbalance or both, due to the excessive
accumulation of certain ions in plant tissues, especially chloride and sodium (Barroso et al.,
2010; Islam et al., 2017). In addition, the use of waters with high saline concentrations can
cause photoinhibition, photooxidation in the chloroplasts, inactivation of enzymes, degradation
of photosynthetic pigments and lipid peroxidation of cell membranes (Ashraf and Harris, 2013).
However, the intensity with which the salt stress affects chloroplast pigments, growth and
production of the crops depends on other factors, such as species, cultivar, types of salts, stress
intensity and duration, crop and irrigation management, edaphoclimatic conditions and
fertilization (Munns and Tester, 2008).
Among the alternatives employed to minimize the deleterious effects caused by the high
salt concentrations on plants, K fertilization stands out. Hence, studies have associated the
tolerance of crops to salinity with an adequate K nutrition (Blanco et al., 2008; Gurgel et al.,
2010). Potassium is essential to plants because it plays a key role in osmotic regulation and
promotes the maintenance of turgor in guard cells. By increasing their osmotic potential,
potassium allows these cell to absorb more water, and the adjacent cell acts as a counter cation
for anion accumulation and electrogenic transport processes and, consequently, generates
higher turgor pressure (Langer et al., 2004; Islam et al., 2015).
Besides being an osmoregulator, K creates an osmotic gradient that allows water
movement and regulates stomatal opening and closure, playing an essential role in water saving
and cell turgor, transport of carbohydrates and respiration (Shimazaki et al., 2007). Despite the
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importance of the West Indian Cherry crop for the Brazilian Northeast region, especially in
semi-arid areas, there is a lack of studies on the interaction between water salinity and K
fertilization.
In this context, this study evaluated the effects of irrigation using water of different saline
levels and K fertilization on photosynthetic pigments, growth and production of West Indian
Cherry, in the post-grafting stage.

2. MATERIAL AND METHODS
The research was carried out under greenhouse conditions from July 2016 to July 2017 in
pots adapted as drainage lysimeters. This was done at the Center of Technology and Natural
Resources of the Federal University of Campina Grande (CTRN/UFCG), located in the
municipality of Campina Grande, PB, at the local geographic coordinates 7°15’18’’ S,
35°52’28’’ W and altitude of 550 m.
The experimental design was in randomized blocks, with three replicates, using a 2 x 4
factorial arrangement, and the treatments consisted of two levels of irrigation water electrical
conductivity - ECw (0.8 and 3.8 dS m-1) and four K2O doses (50, 75, 100 and 125% of
recommendation). The dose relative to 100% corresponded to 79.2 mg K2O kg-1 of soil (Musser,
1995).
The irrigation waters with the respective ECw values were prepared through the
dissolution of NaCl, CaCl2.2H2O and MgCl2.6H2O salts in equivalent proportion of 7:2:1,
respectively, in public-supply water (ECw = 1.40 dS m-1) of the municipality of Campina
Grande, PB, based on the relationship between ECw and salt concentration (10*mmolc L-1 =
ECw dS m-1) according to Richards (1954). Water with ECw of 0.8 dS m-1 was obtained by
adding rainwater (0.02 dS m-1) to public-supply water.
A 4-mm-diameter drain was connected to the bottom of each lysimeter, to drain the excess
of water to a container, in order to evaluate it and determine water consumption by plants. The
tip of the drain inside the lysimeter was involved with a nonwoven geotextile (Bidim OP 30) to
avoid obstruction by soil material.
The lysimeters were filled with a 1-kg layer of crushed stone nº 0, followed by 250 kg of
an eutrophic Regolithic Neosol of sandy loam texture, properly pounded to break up clods, from
the rural area of the municipality of Esperança, PB, whose chemical and physico-hydraulic
characteristics were determined according to the methodologies proposed by Claessen (1997):
Ca2+ = 9.07cmolc kg-1; Mg2+ = 2.78 cmolc kg-1; Na+ = 1.64 cmolc kg-1; K+ = 0.23 cmolc kg-1;
H+ + Al3+ = 8.61cmolc kg-1; Al3+ = 0 cmolc kg-1; CEC = 22.33 cmolc kg-1; exchangeable sodium
percentage = 7.34%; organic matter = 2.93 dag kg-1; P = 39.8 mg kg-1; pH in water (1:2.5) =
5.58; saturation extract electrical conductivity = 2.15 dS m-1; SAR = 0.67 (mmol L-1)0.5; sand
= 659.9 g kg-1; silt = 161.2 g kg-1; clay = 178.9g kg-1; moisture at 33.42 kPa = 25.91 dag kg-1;
moisture at 1519.5 kPa = 12.96 dag kg-1.
In the present study, rootstocks consisted of native West Indian Cherry seedlings from the
EMBRAPA Tropical Agroindustry, in Pacajus-CE. At transplantation, the seedlings were 240
days old. During the acclimatization period in the greenhouse, the West Indian Cherry plants
were irrigated using water of low salinity level (0.8 dS m-1). ‘BRS 366 Jaburu’ was used as
scion variety. This cultivar stands out for its high yield (57 t ha-1), which favors the production
of vitamin C (2,648 mg 100g-1), with height of approximately 1.87 m and crown diameter of
2.18 m. The fruits are shiny when ripe, exhibiting mean weight of 4 to 5 g in unripe stage,
adequate to obtain vitamin C, and 6 to 7 g after ripening.
Before transplanting the seedlings, soil moisture was increased until reaching field
capacity, using the respective water of each treatment. After transplanting, irrigation was daily
performed by applying a water volume to maintain soil moisture close to field capacity in each
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lysimeter. The applied volume was determined according to the water requirement of the plants,
estimated through the water balance: applied volume minus volume drained in the previous
irrigation, plus a leaching fraction of 0.10.
Fertilization with phosphorus and nitrogen was performed according to the
recommendation of Musser (1995), applying 180 and 95.4 mg kg-1 of P2O5 and N, respectively,
in the form of single superphosphate and urea. Phosphorus was entirely applied as basal
fertilization. To meet probable deficiencies of micronutrients, the West Indian Cherry plants
received the application of 5 L of solution containing 1.5 g L-1 of ubyfol [(N (15%); P2O5 (15%);
K2O (15%); Ca (1%); Mg (1.4%); S (2.7%); Zn (0.5%); B (0.05%); Fe (0.5%); Mn (0.05%);
Cu (0.5%); Mo (0.02%)].
The effects of the different saline levels and K doses on the contents of chlorophylls a (Chl
a) and b (Chl b), carotenoids (Car) and growth were evaluated based on stem diameter of the
rootstock (Rootstock SD) and scion variety (Scion SD), at 300 days after transplanting.
The contents of chlorophyll a and b (g m-2) were determined according to the laboratory
method proposed by Arnon (1949), using samples of 5 discs of the blade of the third mature
leaf from the apex. The extracts were used to determine the contents of chlorophyll and
carotenoids in the solutions through spectrophotometer at the absorbance wavelength (ABS)
(470, 646 and 663 nm), using the following equations: Chlorophyll a (Chl a) = 12.21 ABS663 –
2.81 ABS646; Chlorophyll b (Chl b) = 20.13 ABS646 – 5.03 ABS663; Total carotenoids (Car) =
(1000 ABS470 – 1.82 Cl a–85.02 Cl b)/198. The values obtained for the contents of chlorophyll
a, b, and carotenoids in the leaves were expressed in μm cm-2.
Rootstock stem diameter was measured at height of 5 cm from the base of the plant, while
scion stem diameter was measured 3 cm above the grafting line. Harvest started at 180 DAS
and was quantified based on total number of fruits (TNF), total fruit fresh weight (FFW) and
fruit mean weight (FMW).
The data were subjected to analysis of variance by F test and, when significant, test of
comparison of means (Tukey test at 0.05 probability level) was applied to the water salinity
levels, while regression analyses was applied to the factor K2O doses, using the statistical
program SISVAR-ESAL (Ferreira, 2011).

3. RESULTS AND DISCUSSION
According to the summary of the analysis of variance (Table 1), there was significant effect
of the water salinity levels on all studied variables. Potassium doses and the interaction between
the factors saline levels and K2O doses (SL x KD) caused significant effect only on the variables
total number of fruits and total fruit fresh weight.
The increment in ECw levels from 0.8 to 3.8 dS m-1 negatively affected the photosynthetic
process of the West Indian Cherry crop, a fact evidenced by the decrease in the contents of
chlorophyll a. Based on the test of means (Figure 1A), in the West Indian Cherry plants irrigated
using water of the highest ECw (3.8 dS m-1), chlorophyll a contents decreased by 0.79 µg cm-2
in comparison to those subjected to the lowest saline level (0.8 dS m-1). The reduction in
chlorophyll a content (Figure 1A) in West Indian Cherry plants exposed to water salinity may
have occurred due to the decrease in the synthesis of chlorophylls or due to the participation of
the chlorophyllase enzyme, which degrades the molecules of this photosynthesizing pigment
(Freire et al., 2013).
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Table 1. Summary of the analysis of variance for the contents of chlorophyll a (Chl a) and b (Chl b), carotenoids (Car), rootstock1
stem diameter (Rootstock SD), scion stem diameter (Scion SD), total number of fruits (TNF), fruit mean weight (FMW) and total 1
fruit fresh weight (FFW) of West Indian Cherry plants irrigated using waters with different salinity levels and potassium doses, at1
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300 days after transplanting.
Source of variation

DF

Saline levels (SL)
K doses (KD)
Linear regression
Quadratic regression
Interaction SL*KD
Blocks
Residual

1
3
1
1
3
2
14

CV (%)

Mean squares
Chl a

Chl b

Car

Rootstock SD

Scion SD

TNF

FMW

FFW

3.77*
0.06ns
0.05ns
0.13ns
0.30ns
0.03ns
0.28

4.04*
0.91ns
2.26*
0.47ns
1.19ns
0.22ns
0.18

28.17**
0.32ns
0.0002ns
0.51ns
0.33ns
0.26ns
0.46

44.22*
3.09ns
8.91ns
0.006ns
2.59ns
1.48ns
4.19

17.22*
4.88ns
7.38ns
3.42ns
0.50ns
0.30ns
2.15

15150.37**
467.37*
35.20ns
0.04ns
388.37*
58.50ns
45.92

8.16*
0.78ns
0.16ns
0.38ns
1.36ns
0.18ns
0.53

524172.70**
33072.55*
6914.64ns
18818.80*
11637.27*
2704.53ns
2369.37

13.76

16.79

18.77

7.57

8.75

17.66

10.10

19.83

ns, **, * respectively not significant, significant at p < 0.01 and p < 0.05.

Carlin et al. (2012) mention that the reduction in chlorophyll biosynthesis can be a form of adaptation to the stress condition to which the
crop was subjected, aiming at energy saving and lower light energy capture to avoid oxidative stress, possibly resulting from photooxidation of
the pigments, which damage the plants by oxidizing membrane lipids, proteins and nucleic acids. In addition, the decrease in chlorophyll a content
of the West Indian Cherry observed in this study in plants cultivated at the highest saline level (3.8 dS m-1) may be a strategy to conserve energy
and absorb less light energy and consequently decrease flow of electrons to the electron transfer chain, thus avoiding eventual photooxidative
stresses (Silva et al., 2016). During this process, the energy absorbed at the reaction centers (photosystem I and II) oxidize the water to oxygen to
produce ATP and reduce NADP+ to NADPH. These substrates are used later in the Calvin & Benson cycle to produce sugars and / or carbon
chains for biosynthetic routes (Casaroli et al., 2007). Thus, as photosynthesis forms the basis of the production of a crop, the absorption and use
of the light energy by the plants reflect directly on the crop production (Freire et al., 2013). Reduction in the contents of photosynthesizing
pigments have been observed in various species cultivated under salt-stress conditions, such as passion fruit (Freire et al., 2013) and guava (Silva
et al., 2017).
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Bars represent mean standard error (n=3). Means followed by different letters indicate difference between
treatments by Tukey’s test, p < 0.05.
Figure 1. Contents of chlorophyll a (A), chlorophyll b (B) and carotenoids (C) in West Indian Cherry plants
as a function of irrigation water salinity - ECw, at 300 days after transplanting.

For the content of chlorophyll b (Figure 1B), according to the test of comparison of means,
West Indian Cherry plants subjected to the highest ECw (3.8 dS m-1) statistically showed the
highest value of Chl b, compared with those irrigated using water of 0.8 dS m-1. In addition,
according to the data presented in Figure 1B, as water salinity increased from 0.8 to
3.8 dS m-1, there was an increment in the chlorophyll b content of 0.82 µg cm-2 (on average,
2.67 times higher). The increment in chlorophyll b content, with the increase in the saline level
of the irrigation water, is probably a physiological defense process of the plants against the
photooxidation to consequently avoid a reduction in photosynthetic efficiency (Silva et al.,
2014). Contrary to the results of the present study, Silva et al. (2017) observed reduction in the
chlorophyll b content due to the increment in irrigation water salinity, evaluating the effects of
irrigation water salinity (ECw: 0.3 to 3.5 dS m-1) on the photosynthetic pigments of guava, cv.
Paluma, at 190 days after sowing.
As observed for Chl b (Figure 1B), the content of carotenoids was also significantly
influenced by irrigation water salinity. According to the test of means (Figure 1C), the Car
content of West Indian Cherry plants irrigated using water with highest saline level (3.8 dS m-1)
significantly and quantitatively differed, with increments of 2.17 µg cm-2 between plants
subjected to ECw of 3.8 dS m-1 and those subjected to 0.8 dS m-1. Hence, it can be inferred
from the results obtained for contents of carotenoids that West Indian Cherry plants cultivated
with the highest saline level had greater protection against photooxidation, and consequently
lower damages in the photosynthetic membranes. On this topic, Falk and Munné-Bosch (2010)
Rev. Ambient. Água vol. 13 n. 3, e2164 - Taubaté 2018
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point out that carotenoids perform the function of antioxidant agents and can regulate the
activity of enzymes and endoproteinases, protecting lipid membranes of the chlorophyll
molecule from the oxidative stress caused by the salt stress.
Rootstock stem diameter in West Indian Cherry plants irrigated with ECw of 0.8 dS m -1
significantly differed in comparison to those irrigated using water of 3.8 dS m-1. According to
the data presented in Figure 2A, there was a decrease of 2.72 mm in the Rootstock SD of plants
subjected to ECw of 3.8 dS m-1, compared with those subjected to 0.8 dS m-1. The negative
effects of salinity on Rootstock SD are due to the increase in the osmotic pressure in the root
environment and to the restriction of water flow from soil to plants (Freitas et al., 2013),
consequently promoting a deviation of energy resulting from the higher osmotic effect outside
the root. Hence, the reduction in Rootstock SD may be a consequence of the high metabolic
cost for the accumulation of sugars, organic acids and ions in the vacuole, energy that could be
used for plant growth (Santos et al., 2012).

Bars represent mean standard error (n=3). Means followed by different letters indicate difference
between treatments by Tukey’s test, p < 0.05.
Figure 2. Rootstock stem diameter - Rootstock SD (A) and scion stem diameter - Scion SD (B) of
West Indian Cherry plants as a function of irrigation water salinity - ECw, at 300 days after
transplanting.

For stem diameter of the scion variety, according to the test of means (Figure 2B), plants
subjected to irrigation with ECw of 0.8 dS m-1 showed a statistically higher value compared
with those cultivated with water of 3.8 dS m-1. Comparing the mean values of Scion SD (Figure
2B) of plants under ECw of 0.8 dS m-1 and those subjected to the higher saline level
(3.8 dS m-1), there were increments of the order of 8.39%. Based on a joint analysis of Rootstock
SD and Scion SD, according to the data in Figure 2A and 2B, the stem diameter of the scion
variety was less sensitive to the variation in the levels of irrigation water salinity, although for
both variables the salt stress affected plant growth.
Gurgel et al. (2003), studying the influence of irrigation with saline water (ECw from 0.5
to 5.5 dS m-1) on the West Indian Cherry crop in the rootstock formation stage (90 days after
emergence), observed greater reduction in stem diameter (38.46%) in plants subjected to ECw
of 5.5 dS m-1 in comparison to those under 0.5 dS m-1.
The reduction in the contents of photosynthetic pigments, chlorophyll b and carotenoids
(Figure 1B and 1C) and in West Indian Cherry growth (Figure 2A and 2B) are consistent with
the increment in the levels of electrical conductivity of water. Munns and Tester (2008)
attributed this reduction to the alterations in the physiological and biochemical activities
promoted by the content of salts present in the water, above that tolerated by the crop, because
according to Ayers and Westcot (1999), the West Indian Cherry is classified as moderately
sensitive to salt stress.
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The chlorophyll content has a close relationship with the nitrogen content in the plant,
which in turn is related to the photosynthetic capacity of the crop (Rambo et al., 2004). This
relationship between the chlorophyll content and the N content is due to the fact that 50 to 70%
of the total N of the leaves are constituents of enzymes that are associated to the chloroplast
(Chapman and Barreto, 1997). In this context, the lower growth of the West Indian Cherry
plants observed in the higher saline level may be related to the activity of the chlorophyllase
enzyme, which under conditions of high salt concentration (3.8 dS m-1) acts to degrade the
pigment molecules (Figure 1A), promoting an increase in the synthesis of carotenoids (Figure
1C) in chloroplasts and as a consequence inhibited plant growth.
The total number of fruits was significantly (p<0.05) affected by the interaction between
factors (SL x KD) and, according to the regression equations (Figure 3A), West Indian Cherry
plants irrigated using water with ECw of 0.8 dS m-1 showed a quadratic behavior, and the
highest TNF (81 fruits plant-1) was obtained when plants were fertilized with K at the dose of
100% (79.2 mg kg-1 of K2O). From this point on, this variable decreased and, at the highest
K2O dose, TNF was equal to 55 fruits plant-1, i.e., 10 units more compared with plants that
received 50% of the K2O recommendation.
Regarding plants subjected to the highest saline level (3.8 dS m-1), there was a linear effect,
with increment in TNF of the order of 50.04% in plants fertilized with 125% of
recommendation, compared with those fertilized with 50% of the K2O recommendation.
According to the results for TNF (Figure 3A) at the different ECw levels (0.8 and 3.8 dS m -1),
the highest reduction in West Indian Cherry production is related to the variation of water
salinity. This fact may be associated with the osmotic function of these cations, because K can
be partially substituted by sodium as osmotically active solute in the absorption sites in the
plasmatic membrane of the roots (Taiz and Zeiger, 2013).
0.8 dS/m

3.8 dS/m

0.8 dS/m

(A)

68
51
34

(B)

580

y(0.8 dS/m)

=-95.523+3.8607*x-0.0212**x2

y(3.8 dS/m) =

0.30+0.148**x

R² =0.98

R² = 0.91

17

FFW (g plant-1)

Total number of fruits

85

3.8 dS/m

464
348
232

y(0.8 dS/m)=-525.5+22.34*x-0.122*x2 R² = 0.65
y(3.8 dS/m)=-142.55+4.9732*x -0.0231*x2 R² = 0.67

116

0
50

75
100
Potassium doses (% of K2O)

125

0
50

75
100
Potassium doses (% of K2O)

125

Figure 3. Total number of fruits - TNF (A) and fruit fresh weight - FFW (B) of West Indian Cherry plants
as a function of the interaction between the factors water salinity levels - ECw and potassium doses.

Similarly, fruit fresh weight was also significantly influenced by the interaction between
the factors water salinity levels and K doses (SL x KD). According to the regression equations
(Figure 3B), the data fitted best to the quadratic model for West Indian Cherry plants cultivated
with 0.8 and 3.8 dS m-1, and the maximum estimated values (558.88; 151.74 g plant-1) were
obtained when the plant was subjected to K fertilization equivalent to 100% of the K2O
recommendation. As observed for TNF (Figure 3A), fruit fresh weight showed higher
sensitivity to the alteration in the water salinity levels, compared with the studied K doses.
The results obtained for TNF and FFW (Figure 3A and 3B) show that although there was
a decrease in these variables when ECw increased from 0.8 to 3.8 dS m-1, it was observed that
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plants under irrigation with water of 3.8 dS m-1 showed a linear increase in TNF as there was a
25% increase in the potassium dose supplied. This situation was also observed for FFW (Figure
3B), where a positive response of potassium fertilization with 100% of the K2O
recommendation was observed, regardless of the salinity level of water. This fact can be
attributed to the physiological functions of potassium in plant metabolism, acting osmotic and
ionic homeostasis.
Thus, the high salt concentrations of the water probably inhibited K absorption by plants,
which may have negatively reflected in fruit weight, due to its function in the translocation of
carbohydrates. However, Gurgel et al. (2010) report that, under salt stress conditions, the
increment in K doses does not always result in beneficial effects on plants; in some cases, the
salinity caused by high K+ concentrations can be even more harmful than that caused by high
levels of sodium.
Regarding the mean weight of West Indian Cherry fruits, according to the test of
comparison of means (Figure 4), irrigation using water with ECw of 3.8 dS m-1 results in lower
fruit mean weight (6.66 g plant-1), significantly differing from plants subjected to the lowest
ECw level (0.8 dS m-1), which showed a value of 7.83 g plant-1. Comparing the values of plants
under ECw of 3.8 dS m-1 and 0.8 dS m-1, there were decrements of about 14.94% in the FMW.

Bars represent mean standard error (n=3). Means
followed by different letters indicate difference
between treatments by Tukey’s test, p < 0.05.
Figure 4. Fruit mean weight - FMW of West
Indian Cherry as a function of irrigation water
salinity - ECw.

Despite the reduction in fruit mean weight due to the increment in the water salinity levels,
the FMW obtained in the present study is higher than that recommended for this cultivar (4 to
5 g), as indicated by Embrapa Tropical Agroindustry. The reduction in FMW observed in the
present study (Figure 3) is probably also related to the lower absorption of water and nutrients
by plants, resulting from the increase in soil salinity levels, which can cause cell injury from a
simple reduction in water potential, due to oxidative stress in the plant, which leads to a
reduction in crop production (Lima et al., 2015).
In addition, the decrease in chlorophyll a cursive synthesis and the increase in carotenoid
contents may have negatively influenced the growth of West Indian Cherry plants, a fact
observed by reduction of the stem diameter of the rootstock (Figure 2A) and the scion (Figure
2B). Thus, the lowest growth in plants cultivated at the highest ECw level (3.8 dS m-1) reflected
a decline in the production components of the West Indian Cherry plant, in an evaluation
performed at 300 days after transplanting.
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4. CONCLUSIONS
Irrigation with high salinity water stimulates the biosynthesis of chlorophyll b and
carotenoids, while the content of chlorophyll a and the growth of the West Indian Cherry plant
are reduced markedly in the post-grafting phase.
The harmful effects of salinity on the total number of fruits and fresh fruit mass of the West
Indian Cherry plant are minimized with potassium fertilization.
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ABSTRACT
“Pozzolan” is a slag from the burning of coal in power plants which has the potential to
assist as a low-cost adsorbent for wastewater treatment. The excess of Phosphorus (P) in the
environment can promote chemical pollution and harm ecosystems, especially water. It is
therefore necessary to implement inexpensive techniques and processes for the efficient
treatment of water and wastewater. In this context, this study evaluated the use of the pozzolanic
fly ash material for P removal from wastewater for the development of low-cost treatment
technologies for environmental restoration and remediation of water resources. The treatment
systems were developed in batch configuration. The removal tests from a synthetic sample with
a known concentration of P reached a maximum of 30% removal in concentration, even varying
the pH and performing different treatments of the pozzolanic material. This low removal
efficiency of Phosphorus led to a comparative test between different lots of pozzolan in order
to verify if the results obtained were characteristic of the material itself or of the lot obtained.
Also the P adsorption isotherms were constructed with the two lots achieving adsorption
capacities from 0.87 mg g-1 to 74 mg g-1. This difference indicates that the low P removal
efficiency in the preliminary tests is due to the characteristics of the substrate of the first lot.
Tests on a real effluent using the pozzolan from the second sample lot indicated a 99%
efficiency of P removal, with an initial concentration of Phosphorus in the effluent of
5.5 mg L-1.
Keywords: adsorption, effluents, pozzolan, tertiary treatment.

Avaliação do uso de cinzas volantes como tecnologia de baixo custo
para remoção de fósforo no tratamento de águas residuárias
RESUMO
A Pozolana é uma escória da queima de carvão em usinas de energia termoelétrica que tem
o potencial de servir como adsorvente de baixo custo para tratamento de águas residuárias. O
excesso de fósforo (P) no ambiente pode promover a poluição química e prejudicar os
ecossistemas por acelerar a eutrofização. Neste contexto, este estudo avaliou o uso do material
de cinzas volantes (pozolanas) para remoção de P de águas residuárias visando o
desenvolvimento de tecnologias de tratamento de baixo custo para restauração ambiental e
This is an Open Access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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remediação de recursos hídricos. Para tanto, os sistemas de tratamento foram desenvolvidos em
configuração de batelada. Os testes de remoção de uma amostra sintética com concentração
conhecida de P atingiram um máximo de 30%, mesmo variando o pH e realizando diferentes
tratamentos do material pozolânico. Esta baixa eficiência de remoção de fósforo levou a um
teste comparativo entre diferentes lotes de pozolana, a fim de verificar se os resultados obtidos
eram característicos do material em si ou do lote utilizado. Isotermas de adsorção de P foram
construídas com os dois lotes de pozolana alcançando capacidades de adsorção de 0,87 mg g-1
a 74 mg g-1. Essa diferença indica que a eficiência de remoção de P baixa nos testes preliminares
deve-se às características do substrato do primeiro lote. Os testes com um efluente real
utilizando a pozolana do segundo lote indicaram uma eficiência de 99% da remoção de P, com
uma concentração inicial de fósforo no efluente de 5,5 mg L-1.
Palavras-chave: adsorção, cinzas volantes, efluentes, pozolana, tratamento terciário.

1. INTRODUCTION
The ceramic industry, the burning of coal by thermoelectric power plants and various other
manufacturing processes generate inorganic residues and wastes that may be environmental
liabilities (Hansen et al., 2015). Among these are pozzolans, which naturally originate from
volcanic rocks rich in non-crystalline silica as a result of weathering processes. In Brazil, a
widely used pozzolanic material is fly ash, derived mainly from the burning of coal in
thermoelectric power plants (Yamamoto et al., 1997; Cunha et al., 2011). Thus, fly ash is a
residue predicted to increase significantly in the coming years. Only a small percentage of fly
ash is used in concrete production, road base construction, soil amendment and zeolite
synthesis; the large majority is still discharged into ash ponds, lagoons or landfills (Imbabi et
al., 2012). In recent years, other possible applications to pozzolans have been proposed,
including wastewater treatment (Hermassi et al., 2017).
In terms of chemical composition, fly ash consists of more than 70% silicon, aluminum
and iron oxides (SiO2 + Al2O3 + Fe2O3). Natural pozzolans consist of materials rich in silica
and alumina and artificial pozzolans consist of baked clay between 600°C and 900°C.
Pozzolans are inert but can react with certain chemical species in the presence of water,
producing a binder material. The reactivity of the pozzolan material, known as the pozzolanic
activity, can be measured using pozzolanicity activity: a chemical process that measures the
reaction rate of pozzolan with Ca2+ ions in the presence of water. This reaction rate is dependent
on intrinsic characteristics of the pozzolan, such as specific surface area, chemical composition
and active phase content (Zeng et al., 2012).
Many studies have shown that pozzolanic material can act as an adsorption substrate for
phosphate, heavy metals and organic pollutants, indicating a potential application as a low cost
adsorbent for wastewater treatment (Ahmaruzzaman, 2010; Blissett and Rowson, 2012; Yao et
al., 2015). Hermassi et al. (2017) provided an understanding of Phosphorus removal by fly ash
and described that the adsorption kinetics occurs as a diffusion-based process of phosphate ions
on fly ash particles. Besides that, agronomical assay of recovering phosphate release confirmed
the possibility of using this material as fertilizer, even in calcareous soils. Kandel et al. (2017)
used a mixture of 5% (in weight) of fly ash with sand in Bioretention cells (BRCs) filter media
and verified that the BRCs containing ﬂy ash showed signiﬁcant phosphorus concentration and
mass reduction in the BRCs efﬂuent, about 85% removal of P due to adsorption.
The chemical element Phosphorus (P) is an essential nutrient that controls plant growth. In
water bodies, when present in excess, it enhances the growing of aquatic micro- and
macrophytes and may lead to deoxygenation of the water column, a process known as
eutrophication. Phosphate ions (PO43-) are discharged into the aquatic environment by rock
Rev. Ambient. Água vol. 13 n. 3, e2166 - Taubaté 2018
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leaching, in agricultural, domestic and industrial effluent discharge or run-off (Conley et al.,
2009; Shortle and Horan, 2017). Considered an environmental pollutant of major concern,
Phosphorus removal or significant reduction from effluents is of crucial importance for
watershed protection. Thus, various nutrient removal technologies, based on physical, chemical
and biological methods, have been implemented in water treatment systems (Oleszkiewicz and
Barnard, 2006; Wilfert et al., 2015). Among them, adsorption is one of the most-used
techniques due to its economic viability and ease of implementation. The application of lowcost and commercially available materials as substrates for adsorption has been widely
investigated in recent years (Lu et al., 2009; Loganathan et al., 2014). The main advantage of
pozzolan substrates compared to synthetic materials for adsorption is its abundance and low
cost since they often have no commercial value.
The physical adsorption of P occurs due to the Van der Waals’ forces, or potential
difference of the attraction forces, resulting in physical binding of the molecules to the
adsorbent through a weak interaction. In a chemical adsorption, there is a rearrangement
between the electrons of the molecules and the solid, and consequently a change in the shape
of the orbitals; it is a strong interaction and virtually irreversible (Loganathan et al., 2014;
Ramasahayam et al., 2014; Huang et al., 2017).
Considering the increase in fly ash generation due to growth in coal combustion for energy
supply and the possibility of reusing this material as a nutrient in soils, this study investigated
the application of fly ash pozzolans for the removal of Phosphorus from synthetic solutions and
domestic wastewater samples (treated at secondary or tertiary levels) and evaluated the potential
of the material for wastewater polishing as a low-cost alternative with the likelihood of reusing
the residue generated after adsorption for agricultural purposes, offering a more sustainable
approach for the tertiary wastewater treatment process.

2. MATERIALS AND METHODS
2.1. Reagents and equipment
All reagents used were of analytical grade or better. Potassium phosphate monobasic
powder (KH2PO4) was purchased from Proquimios Comércio e Indústria Ltda (Brazil), sulfuric
acid (H2SO4) and hydrochloric acid (HCl) from Sigma-Aldrich (USA), ascorbic acid (C6H8O6)
from Synth (Brazil), antimony potassium tartrate solution (K(SbO)C4H4O6) and sodium
hydroxide (NaOH) from Vetec (Brazil) and ammonium molybdate solution ((NH4)6Mo7O24)
and glacial acetic acid (C3H4O2) from Êxodo Científica (Brazil).
The total Phosphorus determinations were made using a UV-Vis spectrophotometer
(Nova®, Model UV-1800), using glass cuvettes with a 10 mm light path; pH and turbidity of
the synthetics samples were measured using a pH Meter (Nova Instruments®, Model NI PHM)
and a turbidimeter (PoliControl®, Model AP2000 iR).
The samples were stirred on an orbital shaker (Solab Científica®, Model SL-180 / DT) and
under centrifugation (Solab Científica®, Model SL-700) prior to spectrophotometric
determination. Calcination and digestion to characterize the pozzolanic material were carried
out, respectively, in a muffle (Magnu’s Oven Industry and Trade Ltda®) and digester block
(Marconi®, Model MA4004).
The pH, turbidity and electrical conductivity measurements of natural effluent were carried
out with a multiparameter probe (Hanna®, Model HI 9829) and the color measurement by
colorimeter (Policontrol®, Mmodel AquaColor Color IP67), whilst Chemical Oxygen Demand
(COD) was determined by the Standard 5220 D method (APHA et al., 2012b) using a digester
block (Marconi®, Model MA-4004).
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2.2. Substrate characterization
The pozzolanic material was donated by the Votorantim Company at Cubatão – SP
(Brazil). According to the Chemical Products Safety Data Sheet provided by Votorantim
Cimentos (2009), this pozzolan is acquired from calcined clay in a temperatures range of 700°C
to 1000°C. Two lots of samples of the pozzolanic material were used in the present work, which
were given away in different periods (first sample in September 2014 and the second in March
2015).
The major chemical composition of the fly ash samples (concentrations of Al, Ca, Fe, Mg,
and Si) was measured after a sodium peroxide fusion by inductively-coupled plasma-opticalemission spectrometry (ICP-OES; Varian, Model S700) (Ahmaruzzaman, 2010). The organic
matter content of each pozzolan sample was gravimetrically determined by the calcination
method performed in a muffle at 600°C for 20 minutes, using 1.0 g of the dry substrate in an
oven for 2 hours at 105°C and comparing with the mass after calcination.
2.3. Phosphorus Spectrophotometric determination
The methodology for the quantification of total Phosphorus was based on Standard
Methods for the Examination of Water and Wastewater – (4500-P E) Phosphorus – Ascorbic
Acid Method. The orthophosphate anion (derived from the aqueous solution of potassium
phosphate diacid - KH2PO4) reacts with antimony and potassium tartrate, ammonium
molybdate and ascorbic acid forming a blue complex of molybdenum. The color intensity is
proportional to the orthophosphate concentration and can be quantified by UV-Vis
spectrophotometry at a wavelength of 880 nm (APHA et al., 2012a).
2.4. Calibration curve
The method for constructing a calibration curve was adapted from APHA et al. (2012a).
To create the calibration curve of the Phosphorus standard solution, Absorbance vs.
Concentration graph was made using ortophosphate concentrations of 0.00, 0.05, 0.10, 0.20,
0.35, 0.50 mg L-1 and the absorbance values obtained in the spectrophotometer were subtracted
from the absorbance value of the blank.
2.5. Phosphorus removal test with solutions
The procedure of P removal tests followed the following sequence (Figure 1).
Weigh, in
triplicate, 0.25,
0.5 and 1.0 g of
pozzolanic
material

Get a reading in
the
spectrophotomete
r at λ=880 nm

Add 15 mL of
phosphorus
solution with
known
concentration and
pH value

Add 2 mL of the
combined reactant
in each solution
and wait for 10
minutes

Figure 1. Flowchart of the Phosphorus removal test.
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Put the solutions
on the orbital
shaker for 30
minutes or 24
hours and 100
RPM

Transfer the
solutions to
FalconTM 50
mL Centrifuge
Tubes

Collect 10 mL of
the supernatant
in a FalconTM
15 mL
Centrifuge Tube

Put the
solutions in the
centrifuge for 5
minutes at 3000
RPM
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The test was performed in triplicate with an orthophosphate standard (2.5 mg L-1) and a
solution of lower concentration (0.5 mg L-1), both at four pH values: natural, 6, 7 and 8 adjusted
with 0.5% NaOH solution (w/v). The Phosphorus concentrations in the samples with pozzolanic
material were compared with a control sample (P solution without pozzolan). The stirring time
was fixed at 30 minutes.
2.6. Phosphorus removal test with pozzolan treated with different processes
Tests were performed using pozzolan treated by various processes to check for
enhancement on Phosphorus adsorption on the material’s surface. The first lot of pozzolan was
evaluated in different forms: i) natural (raw); ii) washed with water; iii) calcined; iv) washed
with NaOH; v) washed with CH3COOH and vi) washed with HCl.
The natural pozzolan material was dried in an oven at 100°C for 24 hours. The pozzolan
washed in water was prepared by adding 10 g of the material to 1.0 L of deionized water, kept
under magnetic stirring for 24 hours. The calcination was carried out by placing a quantity of
the material in the muffle at 600°C for 20 minutes in order to eliminate any organic matter and
volatile compounds present on its surface. To wash the material in NaOH solution, 10 g of
material was kept under stirring in a NaOH solution (0.15 mol L-1) for 24 hours. The acid
washes were similar to NaOH, however, for CH3COOH 6 mL was added to in 1.0 L of
deionized water to obtain a concentration of 0.1 mol L-1 and, for the HCl, 60 mL was added to
1.0 L of deionized water to obtain a concentration of 0.72 mol L-1.
With the processed materials, a P removal test was performed as described in Figure 1
using a 0.5 mg L-1 Phosphorus solution with a natural pH (around pH=7) and 0.5 g of mass of
each treated substrate. The tests were performed for 24 hours.
2.7. Phosphorus removal tests using different samples of pozzolan
The low removal efficiency of orthophosphate achieved with the first lot of pozzolan
prompted a comparative test between different samples of the material. The process occurred
as shown in the flowchart of Figure 1: 0.5 g of each pozzolan was used and 15 mL of the P
solutions at concentration of 0.10, 0.25, 0.50, 1.00, 2.50 and 5.00 mg L-1. The stirring time was
24 hours.
From the initial (Ci, in mg L-1) and final (Ce, in mg L-1) concentrations, volume of
Phosphorus solutions (V, in L) and mass of pozzolan used (M, in g), it was possible to obtain
the adsorption capacity (Qe, in mg g-1) by Equation 1:
𝑄𝑒 =

(𝐶𝑖 −𝐶𝑒 )×𝑉
1000 ×𝑀

(1)

2.8. Adsorption isotherms
Isotherms were created with the two samples of pozzolan to verify the maximum
adsorption capacity of each material and to perform a comparative analysis between them in
terms of chemical and physical structure.
The adsorption isotherms were performed with a procedure analogous to that shown in the
flowchart of Figure 1: six tests were done with the following P concentrations (according to
adsorption capacity of each one): 0.1; 0.25; 0.5; 1.0; 2.5 and 5.0 mg L-1 for the material of the
first lot and 5.0; 10.0; 20.0; 50.0; 80.0 and 100.0 mg L-1 for the second sample of pozzolan. In
each assay 0.5 g of the pozzolanic material was weighed and the system was stirred for 24
hours. After reading the samples in the spectrophotometer, the adsorption capacity was
calculated for the construction of the isotherms according to the Langmuir (Equation 2) and
Freundlich (Equation 3) Models.
𝑄𝑒 =

𝑄𝑚 × 𝐾𝐿 × 𝐶𝑒
1+ 𝐾𝐿 × 𝐶𝑒

(2)
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1⁄
𝑛

𝑄𝑒 = 𝐾𝐹 . 𝐶𝑒

(3)

Where:
Qe = Adsorption capacity (mg g-1);
Qm = Maximum adsorption capacity (mg g-1);
Ce = Final concentration of adsorbate (mg L-1);
KL = Langmuir constant (L mg-1);
KF = Freundlich constant (mg g-1);
n = Constant related to the adsorption intensity.
2.9. Phosphorus removal test with wastewater effluents
Phosphorus removal tests were conducted with sanitary effluents treated at tertiary level
by an MBR system (Membrane Bio Reactor) located at the International Reference Center for
Water Reuse (CIRRA) at the University of São Paulo (USP, Brazil) (Subtil et al., 2013). To
characterize this effluent, pH, turbidity, color, electrical conductivity, chemical oxygen demand
(COD) and the concentration of P were evaluated.
The Phosphorus removal test with wastewater effluent was made considering the scenario
in which the higher removal percentages were obtained in the tests with the synthetic
phosphorus samples. Thus, the experiment was carried out with the pozzolan from the second
lot, in triplicate, stirred for 30 minutes at a 100 RPM.
The amount of pozzolan used was defined by considering the ratio of the higher
Phosphorus adsorption capacity for the P content of the raw effluent. The ratio
substrate/solution was 1 g L-1.

3. RESULTS AND DISCUSSIONS
3.1. Characterization of the pozzolans
The content of main chemical components and of organic matter (in weight) of both
pozzolan samples are shown in Table 1.
Table 1. Organic matter and main chemical composition (w/w) of the two samples of the pozzolan.

Sample
Pozzolan first lot
Pozzolan second lot

Organic matter (%) Al (%) Ca (%) Fe (%) Mg (%)
<1
18.3

<1
<1

1.9
1.2

<1
<1

<1
<1

Si (%)
93.1
80.0

The silicon originated from clays (kaolinite, montmorillonite, illite), oxides (quartz) and
other silicates (chlorite) and at room temperature is a solid. The high silicon content in the
sample is consistent with the information given by Votorantim, which provides a range from
20 to 95% of SiO2 in the composition of the pozzolan.
Fisher et al. (1978), Kutchko and Kim (2006) and Piispanen et al. (2009) performed
scanning electron microscopy on fly ashes from different conditions and verified the forms that
the material particle can acquire. Spherical particles make up most of fly ash which are vitreous
and transparent indicating the complete melting of the silicate minerals. These spheres may be
hollow (cenosphere), solid or filled with other smaller spheres, amorphous particles or crystals
(plerospheres).
The coloring of the pozzolan may vary from brown, gray or black (depending on the
amount of unburnt carbon present). When silicone or aluminum materials are thermally
Rev. Ambient. Água vol. 13 n. 3, e2166 - Taubaté 2018
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synthesized jointly with water and calcium hydroxide, they form a white-colored complex
(Yamamoto et al., 1997; Ahmaruzzaman, 2010). The surface area of the pozzolan particles
depends on their shape. Solid particles can have a surface area of approximately 3.0 m² g-1 (Van
Jaarsveld et al., 2002; Guo et al., 2010) and pleosphere have a very large surface area due to
their filling by other spheres or crystals and can reach almost 200 m² g -1 (Mall et al., 2005;
Srivastava et al., 2006; Ahmaruzzaman, 2010).
3.2. Calibration curve
After obtaining each standard absorbance values, it was possible to plot a graph of
absorbance vs. phosphorus concentration. The linear equation obtained by the graph was:
Abs = 0.7208conc + 0.001, with R2 = 0.9999.
3.3. Phosphorus removal using pozzolan treated by different processing strategies
These essays were realized with the pozzolanic material from the first lot. Phosphorus
concentration of 2.5 mg L-1 showed less than 6% removal in P concentration, even varying the
pH (natural, 6, 7 and 8) and amount of pozzolan (0.25 to 1.0 g) (Table 2, entries 1 to 12).
Pozzolanic material has a certain ability to remove Phosphorus under conditions in which there
are higher substrate amounts (0.5 to 1.0 g) and lower concentration of solution (0.5 mg L-1),
with a maximum removal of about 35% (Table 2, entries 17 to 24). Studies indicate that the fly
ash can provide 99% P removal capacity when operated within optimal conditions (Ugurlu &
Salman, 1998; Wang, 2012; Huang et al., 2017).
The test with the pozzolan treated by different processes showed that beneficiation by
washing in water is the most effective of the six procedures performed (Table 2). However,
Ahmaruzzaman (2010) and Wang (2012) state that acid-modified fly ash is very effective in
the removal of Phosphorus in contaminated wastewater.
Table 2. Phosphorus removal efficiency at variation of substrate amounts, Phosphorus
concentration and pH.
Entry

Amount of pozzolan (g)

Phosphorus concentration (mg L-1)

pH

P removal (%)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

0.25
0.25
0.25
0.25
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00
0.25
0.25
0.25
0.25
0.50
0.50
0.50
0.50
1.00
1.00
1.00
1.00

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Natural
6
7
8
Natural
6
7
8
Natural
6
7
8
Natural
6
7
8
Natural
6
7
8
Natural
6
7
8

2.33
6.05
1.58
4.27
3.03
2.03
0.82
0.86
3.59
2.41
1.63
3.76
4.28
3.57
2.89
0.11
24.54
21.93
19.60
20.36
35.44
32.68
18.84
23.56
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3.4. Comparative test using different samples of pozzolan
The Figure 2 shows the P removal by the two samples of pozzolan. Note that the material
from the first lot reached a maximum removal of 12% in concentration. On the other hand, the
material from the second sample, even without any processing of the pozzolan, exceeded 90%
removal for the same Phosphorus concentrations from the synthetic solution. This indicates
that, although it is the same material, the samples have physical-chemical differences that may
influence the adsorption process.
Knowing that organic matter, calcium, magnesium and aluminum elements are mainly
responsible for adsorbing Phosphorus on the substrate surface (Ahmaruzzaman, 2010; Blisset
and Rowson, 2012; Yao et al., 2015), it is noted that the 93% of the silicon content in the sample
(Table 1) indicates that the remaining reduced 7% were composed of some elements capable of
adsorbing Phosphorus, as well as the presence of greater amount of residual organic matter in
the sample from Lot 2, justifying the reduced potential for adsorption of the pozzolan of the
first sample. This fact indicates that there is a wide variety of organic groups, such as carboxylic
acids, phenols and amines which can retain Phosphorus by complexation, ion exchange and
microprecipitation with the surface of the adsorbent (Ahmaruzzaman, 2010).

Figure 2. Phosphorus removal using different samples of pozzolan and
varying the concentrations of the synthetic sample solution.

3.5. Adsorption isotherms
From Equation 1, the adsorption capacity obtained for the pozzolan first sample was
0.87 mg g-1, and for the second sample was 74 mg g-1. The difference in the adsorption
capacities between both samples indicates that the low Phosphorus removal in the preliminary
tests is due to the characteristics of the substrate. The features of the pozzolans are related to
the type of material from which the ashes were derived, possibly with different percentages of
silica, alumina, calcium, iron oxide, magnesium oxide and carbon in its composition, being the
oxides of calcium, aluminum and iron responsible for adsorbing Phosphorus on the substrate
surface (Ahmaruzzaman, 2010). Those elements, depending on the amount present in the
composition of the pozzolan, may increase or reduce its P adsorption capacity.
By comparing the values between R² curves of the isotherm of the Langmuir and
Freundlich’s models (Figure 3) for the two samples of substrate, it is noted that the regression
of the Langmuir’s model presented a higher correlation among the data. Thus, it can be
supposed that both sample materials are governed by the Langmuir’s model, i.e., they present
adsorption behavior as a monolayer in which the surface of the adsorbent has a fixed number
of active sites and each site is equivalent in energy, with no interaction between the adsorbent
species (Cunha et al., 2011; Loganathan et al., 2014).
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Figure 3. Isotherms linearized models for both pozzolan samples: (a) Langmuir’s
model for pozzolan first sample. (b) Langmuir’s model for pozzolan second
sample. (c) Freundlich’s model for pozzolan first sample. (d) Freundlich’s model
for pozzolan second sample.

The substrates present in their chemical structures a wide variety of organic groups, such
as carboxylic acids, phenols and amines which can retain adsorbates by complexation, ion
exchange and microprecipitation with the surface of the adsorbent. Considering the adsorption
mechanism, substrates with more organic active sites can retain the orthophosphate by
hydrophobic interaction and Van der Waals forces (Dabrowski, 2001). The main advantage of
many of these substrates compared to the synthetic materials is its abundance and low cost since
they often have no commercial value, as well as that this material can also be an environmental
liability not easily reusable. Other substrates have been tested for P removal by adsorption, also
achieving satisfactory results for orthophosphate adsorption capacity (mg g-1), such as:
aluminum and its oxides (5 mg g-1), iron and its oxides (70.9 mg g-1), mussel shell (6.9 mg g-1),
ceramic biomaterials (13.6 mg g-1) and red mud (113.9 mg g-1) (Karageorgiu et al., 2007; Chen
et al., 2013; Guaya et al., 2015).
3.6. Phosphorus removal test from sanitary effluent
The characterization of the sanitary effluent treated at tertiary level is shown in Table 3.
The test carried out in triplicate showed that the pozzolan of the second lot showed a high
mean percentage of P removal, higher than 99%, with the sanitary effluent, indicating that the
removal effectiveness when the matrix sample is complex and the competitiveness among
active sites of the adsorption material could significantly decrease removal efficiency.
Table 3. Characterization of the sanitary effluent
treated at tertiary level.
Parameter

Sanitary Effluent

pH
Turbity (NTU)
Color (uC)
Electrical conductivity (µS cm-1)
COD (mg L-1)
Orthophosphate (mg L-1)

7.6
9.8
65.9
1320
40.3
5.5
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3.7. Advantages of the use of pozzolan in the adsorption process
The conventional techniques available today for Phosphorus removal are chemical
precipitation, biological activated sludge and ion exchange resins. These techniques achieve
satisfactory results for P removal; however, they are expensive and difficult to implement. Thus,
adsorption can be considered a more useful and economic technique, which can also allow the
regeneration of the adsorbents or their later use in the chain, for example, in civil works
(Ahmaruzzaman, 2010; Huang et al., 2017).
The waste generated by the production of the ceramic industry, the burning of mineral coal
by thermoelectric plants, rock crushing to make concrete or the operation of several other
industries constitute an important environmental liability and a serious difficulty faced by the
industries that generate this waste. These residues may exhibit some natural pozzolanic activity
or may become pozzolanic after suitable heat treatment (Cunha et al., 2011; Wang, 2012).
Pozzolan also contains several essential elements, including macronutrients (P, K, Ca,
Mg), micronutrients (Fe, Mn and B) and some beneficial elements (Si, Na) for plant growth
(Yamamoto et al., 1997; Ahmaruzzaman, 2010). Thus, after the P removal process, it is possible
that the adsorbent could be applied in agriculture or in composting processes, which is a
sustainable alternative when considering nutrient cycling.
Moreover, due to its cementitious properties, pozzolanic material is widely used as an
additive for cement production (Shi and Day, 2001; Bondar et al., 2011). This use can still be
contemplated after the use of the material as adsorbent in the P removal process, because its
resistive properties are not lost (Shehata et al.,1999; Hemalatha and Ramaswamy, 2017).

4. CONCLUSION
Difficulties in raising the adsorption potential of the first sample of pozzolan and its
subsequent characterization showed that pozzolanic material presents a huge heterogeneity, not
only related to the origin of the production process, but also related to the period of collection
of the study material (about six months had passed between the acquisition of the first and the
second samples of pozzolan, supplied by the same company).
Comparative tests and the material characterization of both pozzolan samples showed high
silicon content (93%) in the first sample, which justifies the maximum efficiency of only 30%
in removal tests of Phosphorus synthetic samples, even with the processing of the material. The
construction of adsorption isotherms indicated that both pozzolans are governed by the
Langmuir’s model (monolayer) and also showed that the maximum adsorption capacity of the
pozzolan from the second sample is 85 times higher than the material of the first sample.
The batch tests showed that the pozzolan from the second sample has high efficiency even
with higher concentrations of phosphorus solutions. Furthermore, that substrate showed a 99%
efficiency of P removal from the sanitary effluent from MBR treatment system whose initial P
concentration was 5.5 mg L-1.
Although the P removal is efficient in a batch system, its application in large-scale systems
becomes limiting because of the variability of the pozzolanic material. Thus, it would be
necessary to perform a characterization of the substrate from each sample to be used in the
process in order to verify the percentage of silica that makes up the material.
Among numbers of removing techniques, adsorption considered economical, because it
allows the regeneration of the adsorbents and an application of low-cost materials in the
treatment of effluents. Pozzolanic material is a waste generated by the outputs of several
industries, representing an important environmental liability. It can be therefore uses as lowcost adsorbent in the phosphorous removal process for wastewater treatment.
After the adsorption process, the pozzolan adsorbent can be applied in agriculture or in
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composting processes because this material also contains several essential elements for plant
growth. On the other hand, the cementitious properties of pozzolan are not lost after the
Phosphorous removal process, so that it can still be disposed as an additive for cement
production and civil works.
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