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ABSTRACT
This paper reports the characterization of the polluting potential of sugarcane vinasse, the main
wastewater from ethanol production. Compositional data from vinasse samples collected from sugarcane
biorefineries were used to predict negative effects on the soil, water resources and crops potentially
associated with fertirrigation, the primary final destination of vinasse in Brazil. High risks of soil salinization
were associated with the land disposal of vinasse, as evidenced by the high levels of total dissolved solids
(TDS; >4,000 mg L¡1) and electrical conductivity (>6.7 dS m¡1). The high TDS levels coupled with the high
biodegradable organic content of vinasse (>14 g L¡1) also favor organic overloading events, leading to
local anaerobiosis conditions. Conversely, soil sodification should not be observed in areas fertirrigated
with sugarcane vinasse, given the low Na concentrations (<66 mg L¡1) relative to Mg (>145.1 mg L¡1)
and Ca (>458.4 mg L¡1) levels. Priority pollutants (Cu, Cr, Ni, Pb and Zn) and phytotoxic elements (Al and
Fe) were also found in the analyzed samples; however, relevant environmental impacts should not be
associated with these particular constituents. Overall, the relatively simple methodology used herein could
efficiently replace massive field data collection to provide a basic understanding of the fate of vinasse in
the environment in order to highlight the priority points to be considered in the management of this
effluent. In summary, the prompt implementation of treatment plants in distilleries, in addition to a
continuous and broad compositional characterization of vinasse, is essential to guarantee its adequate
reuse.
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Introduction

Biofuel industries have accumulated important advantages in
recent decades, based initially on an effort to overcome difficul-
ties associated with the trade of fossil fuels, especially after the
oil crises in the 1970s.[1] Later, the worldwide concerns over
global warming also stimulated massive research on alternative
energy sources, focusing on the development and improvement
of clean technologies to gradually replace the use of fossil
energy, consequently reducing environmental impacts. In this
context, the bioethanol industry should be highlighted, based
on its worldwide technological consolidation and the suitability
to use a wide variety of crops as raw materials, such as sugar-
cane, corn, sweet sorghum and sugar beet.[2,3] Currently, USA
and Brazil are characterized as the largest ethanol producers at
a global scale, based on the use of corn and sugarcane, respec-
tively, as the main feedstocks and accounting for over 80% of
the world ethanol production. Ethanol production in Brazil
reached approximately 28.7 billion liters in the 2014/2015 har-
vest,[4] whereas 56.0 billion liters (14,806 MMgal) of ethanol
was obtained from the US corn-to-ethanol industry in 2015.[5]

Despite the lower absolute ethanol production, the Brazilian
sugarcane-to-ethanol industry yields important environmental
and economic advantages compared to the use of other

feedstocks, such as (1) higher agricultural productivities, i.e., 7
m3 ha¡1 versus 3–4 m3 ha¡1 compared to corn and cassava;[6]

(2) the coupling between sugar and ethanol production chains,
which provides flexibility to the process, depending on the mar-
ket price of both products;[7,8] and (3) the achievement of much
higher energy output/input ratios (8–10) compared to other
feedstocks (<2 for sugar beet, wheat straw and corn) due to the
use of lignocellulosic residues as raw materials in cogeneration
systems for electricity and steam production.[9] Moreover,
some intrinsic environmental benefits of ethanol production
and use, such as its renewable characteristics and the potential
to reduce the emissions of greenhouse gases, reinforce its
worldwide importance as a bioenergy source. However, focus-
ing on the Brazilian case, the environmental adequacy of this
process still depends directly on the proper management of
vinasse, the main wastewater from ethanol production.

Vinasse constitutes a dark-brown high-strength wastewater
characterized by high concentrations of organic matter and
acidic compounds.[3,10] Vinasse streams which result from sug-
arcane processing also present high levels of sulfate due to the
use of sulfuric acid in specific steps of both sugar and ethanol
production.[8] The reference literature indicates different tech-
nological approaches to the management of vinasse, including

CONTACT Lucas Tadeu Fuess lt.fuess@gmail.com Biological Processes Laboratory, S~ao Carlos School of Engineering – EESC/USP, 1100 Jo~ao Dagnone Avenue –
Santa Angelina, 13563-120 S~ao Carlos, S~ao Paulo, Brazil.

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/lesa.
© 2017 Taylor & Francis Group, LLC

JOURNAL OF ENVIRONMENTAL SCIENCE AND HEALTH, PART A
2017, VOL. 52, NO. 11, 1063–1072
https://doi.org/10.1080/10934529.2017.1338892

https://crossmark.crossref.org/dialog/?doi=10.1080/10934529.2017.1338892&domain=pdf&date_stamp=2017-08-26
mailto:lt.fuess@gmail.com
http://www.tandfonline.com/lesa
https://doi.org/10.1080/10934529.2017.1338892


concentration for volume reduction and/or animal feed pro-
duction,[11] incineration for the simultaneous production of
energy and nutrient-rich ashes,[12] biological conversion via
anaerobic processes for bioenergy recovery through biogas pro-
duction[8,13] and a return to the agricultural fields for crop irri-
gation and fertilization processes.[3] Appreciable levels of
macro- and micronutrients, mainly potassium, are observed in
sugarcane vinasse, which favors the direct use of this wastewa-
ter in agricultural fields through fertirrigation.

Fertirrigation is virtually characterized as the only approach
for the management of vinasse in Brazil; there are two main
drawbacks of this practice, considering both environmental
and energetic aspects. First, although some studies indicate
beneficial results from the land disposal of vinasse,[14–16] con-
sidering short-term applications (i.e., from a few months to
two to three years), its continuous disposal in sugarcane crops
tends to generate a wide range of negative effects on soils, water
resources and crops due to the polluting characteristics of
vinasse.[3] Second, the high biodegradable organic content usu-
ally found in vinasse characterizes this wastewater as a highly
energetic byproduct from the ethanol production chain; thus,
fertigation also promotes a bioenergy loss.

This study focuses on the environmental drawbacks of dis-
posing sugarcane vinasse into agricultural fields in an effort to
understand the effects of applying high levels of organic matter
and salts to cultivation systems. The reference literature,
regarding mainly technical and legal aspects, is still incipient in
terms of presenting critical content describing the effects of
sugarcane vinasse on the environment, although the need for
reducing the polluting load of vinasse is often discussed by the
scientific community.[3,17,18] Therefore, this paper aims to char-
acterize the actual polluting potential of sugarcane vinasse
using compositional data to predict the negative effects on the
soil, water resources and crops. Potential risks associated with
the contamination due to toxic metals, which are seldom dis-
cussed when considering the land disposal of sugarcane vinasse,
are also analyzed. This document aims to provide useful infor-
mation to decision makers in the sucro-energetic sector to
properly understand the fate of vinasse in the environment
through the application of a simple methodology, i.e., using rel-
atively simple compositional data and reducing the need for
massive field data collection.

Materials and methods

Sugarcane vinasse sampling

Vinasse samples were collected from four sugarcane-based bio-
refineries, namely DsSJ, DsSL, DsFr and DsSM, located in the
South-Central Brazil. These distilleries are characterized by
sugar and ethanol production processes typically found in the
Brazilian sucro-alcohol industry (Fig. 1), providing representa-
tive data for vinasse characterization, as the South-Central
region accounts for over 85% of the sugarcane harvesting area
in Brazil as well as approximately 95% of the Brazilian ethanol
production.[4] The sampling was performed specifically at the
end of the sugarcane harvest in an attempt to identify the accu-
mulation of major compounds in vinasse, such as sulfates (due
to the continuous use of sulfuric acid in the prevention of

microbial contamination in fermentation vessels) and organic
matter (considering possible performance losses in the fermen-
tation process due to reductions in yeast viability).

Physical–chemical characterization and analytical
methods

Sugarcane vinasse samples were initially analyzed according to
the following parameters: biochemical (BOD) and chemical
(COD) oxygen demands, total Kjeldahl nitrogen (TKN), total
dissolved solids (TDS), electrical conductivity (EC), sulfate
(SO4

2¡), potassium (K), phosphorus (P), sodium (Na), calcium
(Ca), magnesium (Mg) and pH. Specific metals were also iden-
tified in the samples, including aluminum (Al), cadmium (Cd),
lead (Pb), copper (Cu), chromium (Cr), iron (Fe), manganese
(Mn), molybdenum (Mo), nickel (Ni) and zinc (Zn). The meas-
urements of the BOD, COD and SO4

2¡ were performed
according to the procedures described in the Standard Methods
for the Examination of Water and Wastewater[19] (methods
5210 B – 5-Day BOD Test, 5220 D – Closed Reflux, Colorimet-
ric Method, and 4500-SO4

2¡ E – Turbidimetric Method). TKN
measurements were based on semi-automated colorimetry
using method 351.2.[20] The determination of the selected met-
als was performed via inductively coupled plasma-optical emis-
sion spectrometry. The samples were first subjected to
microwave-assisted acid digestion (method 3015A; EPA[21])
and then analyzed using a spectrometer (model iCAP 6300
Duo, Thermo Fisher Scientific Inc., Waltham, MA, USA) using
method 200.7.[22]

Polluting potential assessment

Data regarding the physical–chemical characterization were
used to discuss/predict potential implications of the land dis-
posal of sugarcane vinasse, considering the impacts on the soil,
water resources and crops. The experimental data were com-
pared with reference values obtained from the environmental
legislation and normative instructions regulating both the use
of vinasse (and wastewaters in general) as a fertilizer and the
water discharge of effluents. The primary documents used as
references included Technical Standard P 4.231 “Vinasse – cri-
teria and procedures for the application into agricultural
soil,”[23] CONAMA Resolution 430/11,[24] which deals with the
criteria for the discharge of wastewaters into water bodies,
“Guidelines for the safe use of wastewater, excreta and grey-
water – wastewater use in agriculture”[25] and “2012 Guidelines
for water reuse,”[26] which also addresses the rational reuse of
wastewater streams to obtain benefits for both human health
and the environment.

Results and discussion

Potential negative effects of fertirrigation

The compositional characterization of the sugarcane vinasse
samples obtained from the four distilleries is presented in
Table 1, with an emphasis on the concentration of organic mat-
ter and nutrients. Comparative compositional data from other
conventional feedstocks used in ethanol production, i.e.,
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sugarcane and beet molasses and corn, are also presented in
Table 1. The high levels of potassium observed in sugarcane
vinasse (up to 4,010 mg L¡1 in the analyzed samples and rang-
ing from 7,000 to 13,000 mg L¡1 for vinasses from sugarcane
molasses – Table 1) characterize the primary reason for the
land disposal of this effluent, as the natural availability of potas-
sium is relatively low. Although potassium accounts for up to
3% of the lithosphere composition, it shows low suitability for
natural leaching, i.e., low mobility because it is strongly bound
to other elements within the crystalline structure of the miner-
als.[25,27] The content of potassium in soils commonly used in
the cultivation of sugarcane accounts for less than 5% of the
soil’s cation exchange capacity (CEC).[15,16,28] Consequently,
the application of sugarcane vinasse is an attractive alternative
to mineral fertilization, enabling reductions of approximately
50% in the application of synthetic fertilizers in terms of sup-
plying potassium.[29] However, the transportation of vinasse to
the agricultural field (either using trucks or pipelines) depends
strictly on the radius of economic distribution,[30] which limits
the distance from which the transportation of the effluent is

economically unfeasible (Fig. 2) and indicates that mineral fer-
tilization is more attractive. Thus, due to the definition of the
economic radius, the generated vinasse will not be applied
throughout the entire area of sugarcane cultivation (Fig. 2),
suggesting the concentration of a wide variety of organic and
inorganic compounds (Table 1) within a specific region of the
agricultural soils.

The potential environmental impacts of the continuous
long-term land disposal of sugarcane vinasse as well as their
direct implications are summarized in Table 2 based on the use
of reference values to classify these impacts as high or low. Soil
salinization constitutes the primary negative effect of the reuse
of wastewaters for fertirrigation purposes, as the continuous
application of these residual streams will inevitably lead to the
accumulation of salts within the soils.[25] The values obtained
for both EC (>6.7 dS m¡1) and TDS (>4,000 mg L¡1) for the
analyzed samples (Table 1) are much higher than the reference
values for the safe land application of wastewaters, i.e., 3.0 dS
m¡1 (EC) and 500 mg L¡1 (TDS),[25] associating a high risk of
soil salinization with the land disposal of sugarcane vinasse

Figure 1. Simplified flowchart of Brazilian annexed sugarcane-based biorefineries for the production of sugar, ethanol and electricity.
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(Table 2). Special attention should focus on the role of potas-
sium as a potential dispersive agent, which appears to be
dependent on the mineral composition of the soil.[27] Although
the reference literature may still be considered inconclusive in
terms of the application of excessive potassium concentrations
to soils, previous studies indicated the anticipation of the runoff
for up to 5 min in soils subjected to these conditions,[44] charac-
terizing losses in the hydraulic conductivity of the system.
Auerswald et al.[44] also reported high concentrations of sedi-
ments (15 g L¡1) in water, which evidenced the disruption of
the soil structure due to the high inputs of potassium. These
effects may be amplified when considering the limitations that
the economic radius imposes on the available area for vinasse
application (Fig. 2), as studies in these areas have reported
potassium levels over 2,000 kg ha¡1,[31] which considerably
exceed the potassium requirements in most crops, i.e., 185 kg
ha¡1.[25] However, note that salt concentrations in vinasses
resulting from the direct processing of molasses (sugarcane and
beet, Table 1) tend to be much higher than those of processes
that use the juice, as observed for the analyzed samples. Molas-
ses is a residual stream from sugar production obtained after
the steps of evaporation and crystallization; high levels of
organic and inorganic compounds result from the successive
steps of water removal during the concentration of the juice
(Fig. 1). In contrast to the Brazilian case, the direct use of sugar-
cane molasses in ethanol production is performed in the Indian
sucro-alcohol industry,[45] as it is the juice utilized solely for
sugar production.

Excessive inputs of sodium also generate important negative
effects on the soil structure due to the process of sodification,
which constitutes a specific type of soil salinization. Soil sodifi-
cation is triggered when sodium concentrations are much
higher than the levels of calcium and magnesium, leading to
the disruption of the soil structure and severely decreasing the

infiltration rates of water (Table 2).[25,47,48] Two specific param-
eters are considered to identify the risks of sodification when
applying wastewaters to soils, namely the sodium:calcium (Na:
Ca) ratio and the sodium adsorption ratio (SAR – Eq. (1) in
which the terms Na, Ca and Mg are the concentrations of
sodium, calcium and magnesium in mEq L¡1, respectively).
The values obtained for both the Na:Ca ratio (<0.09:1) and the
SAR (<0.51) are considerably lower than the reference values,
i.e., 3:1 (Na:Ca) and 15 (SAR) (Table 2), indicating that sodifi-
cation should not be observed when applying sugarcane vinasse
to the soil. This pattern is considerably different from the find-
ings reported by Tejada and Gonzalez[47] and Tejada et al.,[48]

which associated a value of over 700 with the SAR in vinasse
samples resulting from the processing of sugar beet. These
authors associated a series of negative effects with the land dis-
posal of sugar beet vinasse into arid soil, such as reductions in
the structural stability (25.2%), an increase in the bulk density
(22.9%) and an expressive reduction of the microbial activity of
the soil (45.0%). Increasing values of the bulk density evidence
the accumulation of fine particles within the soil pores, whereas
losses in the microbial activity most likely result from the estab-
lishment of local anaerobic regions.

SARD Na

½ CaCMgð Þ=2�1=2
(1)

The establishment of anaerobiosis in soils amended with
vinasse favors the release of malodors due to the reduction of
the high levels of sulfate (up to 3,800 mg L¡1, Table 1) into sul-
fide by specific microbial groups. In addition to an unpleasant
odor, sulfide may hamper the nutrient uptake by plants (e.g.,
N, P and Fe), directly affecting the metabolism of cells and
increasing root losses,[49] although there is a limited knowledge

Figure 2. Economic radius for the transportation of sugarcane vinasse. Note: The definition of the economic feasibility of the application strictly depends on the costs of
both transportation and mineral fertilization.
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of the phytotoxic effects of sulfide on dryland plants, such as
sugarcane. Sulfide also exerts toxic effects on the microbial pop-
ulations acting on the fixation of nutrients and on the conver-
sion of the organic compounds applied to the soil, resulting in
increased microbial activity losses.

With respect to the dynamics of organic matter in soil, the
controlled input of organic compounds triggers a series of ben-
eficial effects, such as increases in both the moisture content
and the CEC, as well as the formation of stable aggre-
gates.[33,36,48] However, the input of excessive levels of organic
compounds may lead to the complete depletion of the available
oxygen present within both the soil pores and the groundwater,
directly reducing the microbial activity, and consequently
increasing the soil instability (Table 2). Enhanced microbial
activity levels improve the cementation of soil aggregates, as
the metabolites excreted by the microorganisms favor the floc-
culation of the particles.[48] The concentrations of biodegrad-
able organic matter found in the sugarcane vinasse samples
analyzed (>14.4 g L¡1, Table 1) are much higher than the refer-
ence value for safe agricultural reuse (400 mg L¡1, Table 2),
although the measured levels are at least 1.2- to 1.9-fold lower
than those of other conventional feedstocks (Table 1). How-
ever, in terms of environmental impact, Mariano et al.[50]

observed reductions of up to 90% in the levels of dissolved oxy-
gen in groundwater (8.3–0.8 mg L¡1) after evaluating the role
of sugarcane vinasse in the bioremediation of soils

contaminated with diesel oil. The authors also reported sharp
increases in both the EC (0.30–1.25 dS m¡1) and the organic
matter level (37.8–1,900 mg L¡1, as COD) in the groundwater.
Gunkel et al.[51] also reported an expressive reduction in the
dissolved oxygen levels (5.5–2.8 mg L¡1) coupled with increas-
ing organic matter concentrations (<2–20.8 mg L¡1 and <15–
49.5 mg L¡1 for the BOD and COD, respectively) in the water
of the Ipojuca River (Pernambuco State, Brazil), which is near
an area subjected to long-term sugarcane cultivation. In this
case, although the sugarcane vinasse was not directly dis-
charged into the river, as prohibited by the Brazilian legisla-
tion,[52] the effluent was carried along with the runoff from the
irrigation channels.

Potential negative impacts of fertirrigation with sugarcane
vinasse also include soil overfertilization, considering the fate
of both nitrogen and phosphorus (Table 2). Excessive levels of
nitrogen tend to increase the water content within plant tissues,
leading to lodging in grain cultures and losses in the carbohy-
drate content in sugar-rich feedstocks, such as sugar beet, sug-
arcane and sweet sorghum.[25,26] Yet considering the fate of
nitrogen, the association between high levels of organic nitro-
gen and biodegradable organic matter stimulates the process of
denitrification, which also contributes to the depletion of oxy-
gen. Moreover, under specific conditions of moisture, pH and
availability of both nitrogen and organic matter, the release of
intermediate compounds due to denitrification, i.e., nitrogen

Table 2. Breakdown of the potential impacts associated with the soil fertirrigation with sugarcane vinasse.

Adverse effect Implications Reference parametersa
Characteristics of the

vinasse Risk

Soil salinization Reduction in the osmotic potential of the soil EC > 3.0 dS m¡1 EC > 6.7 dS m¡1 High
Toxicity of specific ions (SO4

2¡, NaC, KC) TDS > 500 mg L¡1 TDS > 4,000 mg L¡1

Reduction in the uptake of water and nutrients by
plants

Disruption of the soil structure
Leaching of salts to groundwater

Soil sodification Disruption of the soil structure Na:Ca > 3:1 Na:Ca < 0.09:1 Low-to-null
Severe reduction in the water infiltration rate SARb > 15 SAR < 0.51
Burning and necrosis of the leaf tissue in plants

Organic overloading (soil and
water bodies)

Depletion of oxygen levels BOD > 400 mg L¡1 BOD > 14,400 mg L¡1 High
Establishment of local anaerobic conditions TDS > 500 mg L¡1 TDS > 4,000 mg L¡1

Reduction in the microbial activityc

Increase in the structural instability of the soil
Soil overfertilization (excess

of N and P)
Increase in the succulencyd of the plants N: effects may be observed when TKN >

30 mg L¡1
TKN > 629 mg L¡1 Highf

Alterations in both nitrifying and denitrifying
activity of the soil

Depletion of oxygen levels by nitrifying bacteria P: the literature does not indicate
reference valuesPotential release of nitrogen oxides (N2O)

Toxicity of ammonia (NH3) (aquatic organisms)
Leaching of nitrates (NO3

¡)e

Eutrophication of water bodies (excess of P)
Permanent acidification (soil

and water)
Alteration in the buffer capacity of the soil pH < 6.5–8.0 pH < 4.6 High
Solubilization of phytotoxic metals (Al and Fe)
Reduction in the productivity of the crop
Reduction in the microbial activityg

Notes: aReference values above which adverse impacts are triggered or amplified.[25,26]
bSodium adsorption ratio, which relates the concentrations of sodium, calcium and magnesium.
cThe degradation of organic compounds under aerobic conditions is faster and more complete compared to the anaerobic conditions via, also covering a wider range of
compounds.
dExcessive retention of water within the plant tissues, which may lead to the lodging of the crops.
eThe contamination of water resources by nitrates may be related to the occurrence of methemoglobinemia in the supplied populations in which the oxygenation of the
tissues is severely hampered.[46]
fThe amount of applied nitrogen that triggers negative impacts depends on some factors, including the content of nitrogen in the soil (0.05–2%), the nutritional require-
ments of the plant (50–350 kg ha¡1), the application rates and the concentrations of nitrogen in the wastewater.[25]
gMost of the biological reactions are performed under neutral conditions so that reductions in the pH directly affect the metabolism of the microorganisms.
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oxides, may be observed, which may increase the emissions of
greenhouse gases.[53] Particularly, the emission of nitrous oxide
(N2O) is of great concern, as the global warming potential of
this gas is over 300-fold higher than that of carbon dioxide.[54]

The leaching of nutrients along with the runoff, similar to
organic matter, may also generate important negative effects,
considering the eutrophication of fresh water streams (Table 2).

The permanent acidification of both soil and water resources
constitutes another potential negative effect resulting from the
continuous land disposal of sugarcane vinasse (pH < 4.3,
Table 1), as detailed in Table 2. The excessive input of acidity
into soils stimulates the solubilization of metals, directly affecting
the productivity of the crops and reduces the microbial activ-
ity.[25] Gunkel et al.[51] also reported a slight water acidification
(pH decrease from 6.7 to 6.0) when monitoring the quality of the
Ipojuca River under the influence of sugarcane vinasse; more evi-
dent effects should be expected in groundwater and lentic sys-
tems, such as lakes, due to the low-to-null flow velocity.

Toxic metals in sugarcane vinasse

A lack of studies addressing the occurrence and fate of toxic met-
als in areas subjected to the land disposal of vinasse is commonly
observed, as the literature tends to classify this residual stream as
poor wastewater in terms of these metals.[18] However, a few spe-
cific studies have revealed high levels of toxic metals in sugarcane
vinasse samples, with an emphasis on the presence of phytotoxic
elements, such as Al, Cl and Fe, and priority pollutants, including
Cd, Cr, Cu, Pb, Ni and Zn. Nandan et al.[55] reported Pb, Cu and
Zn levels as high as 8.8, 15.7 and 11.8 mg L¡1, respectively, in
vinasse samples from sugarcane molasses. Chandra et al.[56] indi-
cated concentrations of 2.28, 4.45, 1.24, 4.63 and 0.95 mg L¡1 for
Cd, Pb, Ni, Zn and Cu, respectively, whereas Cu, Cd, Cr, Zn, Ni
and Pb levels reached 3.12, 2.37, 3.03, 14.11, 2.24 and 1.46 mg
L¡1, respectively, as stated by Chandra et al.,[57] who also consid-
ered vinasse samples from sugarcane molasses’ processing.
Table 3 compiles the concentrations of some toxic metals identi-
fied in the samples of sugarcane vinasse analyzed in this study
and compares these levels with reference values reported in nor-
mative instructions dealing with water discharge and the agricul-
tural reuse of wastewaters. Differences in the reference values for

metal concentrations in the normative instructions result primar-
ily from their scope, as well as specific restrictions in the environ-
mental legislations. Overall, water discharge-based reference
values (Tchobanoglous et al.[58]) are lower compared to cases
dealing with the land application of wastewaters through fertirri-
gation (WHO[25]), as in the last case, several mechanisms (e.g.,
soil adsorption, uptake by plants and dilution by rain) will natu-
rally reduce metal concentrations in the wastewater before the
runoff reaches water bodies. Nevertheless, the use of diversified
reference values to assess the polluting potential of sugarcane
vinasse in terms of toxic metals is required to foresee the fate of
these constituents in fertirrigated areas, given the reduced avail-
ability of reference studies dealing with this particular composi-
tional aspect.

Priority pollutants were identified in the samples monitored
herein, although the values obtained are much less than those
previously reported by Nandan et al.[55] and Chandra
et al.[56,57]. An overall analysis indicates that Cu, Cr, Ni and Zn
concentrations reached levels above the water discharge limits
as indicated by Tchobanoglous et al.[58] in all the vinasse sam-
ples, with measured values ranging from 134.0 to 668.0, 26.0 to
56.0, 31.0 to 147.0 and 251.0 to 431.0 mg L¡1, respectively
(Table 3). The concentration of Pb was below the reference
value for water discharge in only one of the samples (4.0 mg
L¡1, DsSL – Table 3). However, priority pollutants’ concentra-
tions were usually much lower than the limits established for
the agricultural reuse of wastewaters reported by WHO,[25]

indicating that contamination events by toxic metals in areas
subjected to the application of sugarcane vinasse should not be
observed. Nevertheless, the determination of toxic metals in
vinasse may still be characterized as a relevant aspect, consider-
ing the harmful effects to human populations eventually sup-
plied with contaminated water resources. Cd, Cr and Ni are
carcinogenic elements and they affect the renal and gastrointes-
tinal systems after long-term exposure.[59] Pb, Cu and Zn are
also harmful to the gastrointestinal system, whereas continuous
exposure to high Pb levels affects the central nervous system
and severely inhibits basic cell functions.[59]

With respect to the toxicity to plants, specifically using the
limits established for the agricultural reuse of wastewaters
reported by WHO,[25] the high levels of Al (>5,000.0 mg L¡1,

Table 3. Concentrations of metals (mg L¡1) determined in the vinasse samples and reference values for the water discharge and agricultural reuse of wastewaters.

Normative instruction/environmental legislationa Sugarcane vinasse samples

Metal Tchobanoglous et al.[58]b WHO[25]c Brasil[24]d DsSJ DsSL DsFr DsSM

Al nd 5,000.0 nd 11,800.0 2,570.0 7,500.0 7,250.0
Cd 1.1 10.0 200.0 1.4 1.0 1.0 68.0
Pb 5.6 5,000.0 500.0 40.0 4.0 16.0 410.0
Cu 4.9 200.0 1,000.0 668.0 263.0 134.0 268.0
Cr 11.0 100.0 100.0 56.0 26.0 26.0 42.0
Fe nd 5,000.0 15,000.0 15,370.0 9,580.0 9,360.0 8,840.0
Mn nd 200.0 1,000.0 1,010.0 1,928.0 2,680.0 4,330.0
Mo nd 10.0 nd 8.0 5.0 11.0 2,000.0
Ni 7.1 200.0 2,000.0 54.0 31.0 36.0 147.0
Zn 58.0 2,000.0 5,000.0 431.0 288.0 251.0 382.0

Notes: aValues in mg L¡1.
bTypical discharge limits for metals in secondary effluents, according to US normative instructions.
cThreshold levels of trace elements for crop irrigation.
dReference limits for the discharge of effluents into water bodies (maximum permissible values); values in bold characterize concentrations above at least one of the rec-
ommended limits in the normative instructions; nd D reference values not established.
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as observed in three of the four samples analyzed – Table 3)
may severely reduce the uptake of nutrients by plants due to
structural modifications in the root zone, whereas Fe enhances
the loss of essential nutrients, such as phosphorus and molyb-
denum, by forming chemical complexes that are not absorbed
by plants.[25,26] Considering the higher solubility of metals
under acidic conditions,[25] the low pH of vinasse tends to
amplify these adverse impacts because the mobility of the met-
als in the soil is increased.[60] The release of organic acids via
the anaerobic degradation of the organic matter is also inti-
mately associated with this process because the active sites of
the minerals are saturated with metabolites instead of the
metallic species. Therefore, phytotoxic effects may be more rel-
evant than contamination by priority pollutants in fertirrigated
areas.

The occurrence of metals in vinasse is most likely associated
with the corrosion of metallic structures due to the aggressive
process conditions employed in the ethanol production chain,
primarily the addition of acid in specific steps and the high
temperatures employed.[3,56] Although corrosion-resistant
alloys are utilized in the construction of fermenters, distillation
columns and pipelines, the leaching of metals may occur, pri-
marily when using low-quality materials and/or old machinery,
which should explain the presence of some metals, such as Cd,
Pb and Zn, in vinasse. Additional sources of metallic species in
vinasse include both the use of chemicals within the production
chain and the absorption of metals present in the soil by plants.
Particularly, the last process may explain the high concentra-
tions of Al and Fe in vinasses from feedstocks cultivated under
tropical conditions, such as sugarcane, based on the influence
of weathering on Al- and Fe-rich minerals, i.e., kaolinite, gibb-
site and hematite.[61]

Outlook: Perspectives for the management of sugarcane
vinasse

The compositional data presented and discussed in this study
clearly indicate that the land disposal of sugarcane vinasse may
trigger a large variety of negative effects on the environment,
particularly on the soil. However, note that the magnitude of
these impacts depends directly on the climatic conditions and
the type of soil. Specific aspects, such as the mineral composi-
tion and the natural organic matter content of the soil, affect
the interactions between the applied inorganic and organic
compounds and the components of the terrain, favoring the
leaching or retention of salts and organic matter. The composi-
tional variability of the vinasse throughout the harvesting
period should also be considered, regarding the influence of the
levels of biodegradable organic matter and salts. Higher sugar
production rates increase the volumes of molasses directed
toward the production of ethanol (Fig. 1), providing a more
recalcitrant characteristic to the organic matter found in
vinasse. Moreover, higher salt levels should also be observed to
amplify specific impacts, such as soil salinization.[3,8] In con-
trast, the direct application of sugarcane juice to fermenters
(autonomous ethanol plants) provides more diluted streams in
terms of salts, although higher levels of biodegradable organic
matter, i.e., BOD, are observed. Nevertheless, despite this vari-
ability, high organic matter (COD >15 g L¡1) and salt

concentrations (e.g., sulfate >600 mg L¡1 and potassium
>1,200 mg L¡1) will inevitably be found in sugarcane vinasse,
using compositional characteristics from residual streams in
autonomous plants as a reference.[62] Therefore, the major
environmental impacts described herein may be potentially
triggered in all fertirrigated areas, irrespective of the origin of
the vinasse.

The aforementioned characteristics highlight the need for
long-term studies, i.e., over one or two decades, to better iden-
tify and quantify the environmental impacts associated with
the reuse of sugarcane vinasse via fertirrigation. Simulta-
neously, the definition of treatment layouts to reduce the pol-
luting load of vinasse is required in an effort to combine the
environmental adequacy of the reuse process with the recovery
of bioresources, as proposed by the concept of biorefinery.[13]

Anaerobic digestion has been shown to be the most suitable
approach for reducing the organic matter content of vinasse, as
well as for enabling the recovery of bioenergy through biogas
production.[8,63] However, additional treatment steps are still
required to remove the residual levels of both organic matter
and salts. Although the literature reports the application of
advanced electrochemical and oxidative treatment processes,
such as electrocoagulation and the Fenton process,[64,65] the
application of conventional physical–chemical processes, such
as coagulation–flocculation and/or adsorption,[17,66,67] may be
the key to providing the most cost-effective results. However,
in contrast to anaerobic digestion, a considerable amount of
research is still required to define the most suitable post-treat-
ment methods for the treatment of sugarcane vinasse.

One last remark should be considered in terms of the calcu-
lation of the rates for the application of vinasse to soils. Focus-
ing on the Brazilian case, the contents of potassium in both the
vinasse and the soil are the sole parameters considered for this
calculation, specifically for the S~ao Paulo State (Eq. (2))[23]; the
dosages of other compounds, such as nitrogen, sulfates and
organic matter, are not properly controlled. The criteria for the
land disposal of sugarcane vinasse should be defined from a
more holistic perspective, considering at least the content of
organic nitrogen and biodegradable organic matter, which may
trigger the most significant negative effects in association with
the high salt concentrations, as discussed in detail in this study.
For these purposes, a database including a complete characteri-
zation of sugarcane vinasse streams should be constructed
to associate compositional variations with specific periods
of the season and the type of agricultural soils so that the
combination of this information may lead to a more complete
and flexible methodology for the calculation of the application
rate.

APRSV D 0:05�CEC¡ ½K�soil
� ��3; 744C 185

½K�vinasse
(2)

In Eq. (2), the terms APRSV, CEC, [K]soil and [K]vinasse are
the application rate of sugarcane vinasse (m3 ha¡1), the CEC of
the soil (cmolc dm¡3), the concentration of potassium in the
soil at a depth of up to 0.8 m (cmolc dm¡3) and the concentra-
tion of potassium in sugarcane vinasse (kg K2O m¡3), respec-
tively. The value 3,744 represents the factor for converting
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potassium concentrations from cmolc dm¡3 to kg per a volume
of 8,000 m3 (1 ha £ 0.8 m). The value 185 represents the mass
of K2O extracted by the crop by hectare during the season.

Conclusion

The compositional data used in this study enabled characteriz-
ing a series of negative impacts potentially triggered by the
application of raw sugarcane vinasse into soils. The primary
environmental impacts from the continuous land disposal of
vinasse are soil salinization and organic overloading, consider-
ing the high inputs of salts and biodegradable organic matter
into the systems. Regarding metal toxicity, phytotoxic effects
should be more relevant than contamination by priority pollu-
tants in fertirrigated areas, considering the high concentrations
of specific elements, namely Al and Fe. An overall analysis indi-
cated that specific measures must be considered to achieve a
more reasonable reuse of sugarcane vinasse. These measures
include the application of treatment processes to attain both
environmental adequacy and resource recovery, a proper char-
acterization of the vinasse streams to construct a complete
database correlating compositional variations with specificities
of the cultivation area and the season, and the definition of
more adequate methodologies to calculate the application rates.
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[Treatment of Vinasse by Adsorption on Carbon from Sugar cane
Bagasse]. Qu�ım. Nova 2016, 39(2), 172–179.

1072 L. T. FUESS ET AL.


	Abstract
	Introduction
	Materials and methods
	Sugarcane vinasse sampling
	Physical-chemical characterization and analytical methods
	Polluting potential assessment

	Results and discussion
	Potential negative effects of fertirrigation
	Toxic metals in sugarcane vinasse
	Outlook: Perspectives for the management of sugarcane vinasse

	Conclusion
	Funding
	References

