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Biodiesel produced from seed oils treated with sanitary effluent

Biodiesel produzido a partir de 6leos de sementes tratadas com efluente sanitario

Germana Arruda de Queiroz'; Léa Elias Mendes Carneiro Zaidan'"; Ana Maria Bastos'",
Valdinete Lins Silva'v

Abstract

Oils from Jatropha curcas L. and Ricinus communis L. can be transformed into biodiesel through the transesterification
reaction. The plants J. curcas and R. communis are of great importance in northeastern Brazil and has been considered
an alternative energy source to fossil fuels. Wastewater can be used to irrigate these plants as it contains nutrients such
as nitrogen and phosphorus. This study aimed to evaluate the productive aspects of fertile Jatropha and Ricinus that
has been grown with treated domestic sewage. For the Jatropha were used three systems: an anaerobic digester and
filter, an anaerobic filter, and a Upflow Anaerobic Sludge Blanket (UASB) reactor. For the Ricinus was used a UASB
reactor, an anaerobic lagoon, polishing tank and 4 drains with the planting of castor. Using these systems, the chemical
and biochemical oxygen demands were reduced by 93.6, 91.92, and 94.84%, and 98.2, 91.92, and 92.31%, respectively. The
average pH in the three treatment systems was 7.0. The oil content of the Jatropha and Ricinus seeds were of 14 - 35% and
46-70%yield, respectively. The acidity of the Jathopha oil was 18.88 mg KOH/g, with a density of 0.911 g/cm® and kinematic
viscosity of 31.49 cSt and the acidity of Ricinus communis was of 0.0003 mg KOH/g, with a density of 0.940 g/cm® and
kinematic viscosity of 248.65 cSt. The esters of oleic and linoleic acid constituted 45.83 and 30.60% of the oil of Jatropha
and Ricinoleic acid was of 79.9% in composition of fatty acids. These results show that Jatropha oil and Ricinus oil treated
with domestic sewage has great potential for biofuel production.
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Oleos de Jatropha curcas L. e Ricinus communis L. podem ser transformados em biodiesel através da reacio de
transesterificacdo. As plantas J. curcas e R. communis sdo de grande importancia no nordeste do Brasil e tém sido
consideradas uma fonte alternativa de energia para combustiveis fosseis. Aguas residuais podem ser usadas para
irrigar essas plantas, pois contém nutrientes como nitrogénio e fésforo. Este trabalho teve como objetivo avaliar os
aspectos produtivos de Jatropha e Ricinus fértirrigados que foram cultivados com esgoto doméstico tratado. Para o
pinhdo-manso foram utilizados trés sistemas: um digestor anaerdbico e um filtro, um filtro anaerdébico e um reator
de manta de lodo anaerdbio de fluxo ascendente (Upflow Anaerobic Sludge Blanket - UASB). Para o Ricinus foi
utilizado um reator UASB, uma lagoa anaerdbica, tanque de polimento e 4 drenos com plantio de mamona. Usando
esses sistemas, as demandas quimica e bioquimica de oxigénio foram reduzidas em 93,6, 91,92 e 94,84%, e 98,2, 91,92
e 92,31%, respectivamente. O pH médio nos trés sistemas de tratamento foi de 7,0. O teor de dleo das sementes de
Jatropha e Ricinus foi de 14 a 35% e 46 a 70% de rendimento, respectivamente. A acidez do 6leo de Jathopha foi de
18,88 mg KOH / g, com uma densidade de 0,911 g / cm®e viscosidade cinemadtica de 31,49 cSt e a acidez de Ricinus
communis foi de 0,0003 mg KOH / g, com uma densidade de 0,940 g / cm?® e viscosidade cinemadtica de 248,65 cSt. Os
ésteres do dcido oléico e linoléico constituiram 45,83 e 30,60% do 6leo de Jatropha e dcido Ricinoleico foi de 79,9%
na composicdo de dcidos graxos. Estes resultados mostram que o dleo de Jatropha e o dleo de Ricinus tratados com
esgoto doméstico tém grande potencial para a produgio de biocombustiveis.
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1 Introduction

Concern for the environment and the search for
alternative energy sources are of great importance for
humanity. The development of alternatives to conven-
tional energy sources such as coal, oil, and natural gas
has increased in recent years (SHEEHAN; DUNAHAY;
BENEMANN, 1998). Another major issue is the usage
of water as shortages have hit several parts of the world,;
an alternative to water rationing is re-use, which can be
applied in irrigation (CERQUEIRA et al. 2008, DAVIS
et al., 2015).

Biodiesel is among the proposed alternative sources of
energy; it is a renewable fuel obtained through a chemical
process called “transesterification.” The raw materials
used in the production of biodiesel can be of vegetable
(such as soybean, castor bean, canola, palm, sunflower,
or peanut) or animal origin (bovine, swine, and poultry)
(VIEIRA et al., 2018, DIAS et al., 2013). Vegetable oils have
been proposed as an alternative to diesel fuels as they
widely available from a variety of sources and renewable
(BOEHMAN, 2005; EL DIWANI; ATTIA; HAWASH,
2009, AMIN et al., 2016).

Brazil has great potential in the production of bio-
diesel (MASIERO, 2011). However, the selection of an oil
seed should consider the oil contaminent of the plant,
agricultural yield, and availability for harvest in each
region (PINTO; SILVEIRA; CARVALHO, 2005). Jatropha
(Jatropha curcas) can grow in arid and semi-arid areas
with low precipitation levels of 200 mm/year and high
precipitation levels of 900 to 1,200 mm/year (VIRGENS;
CASTRO; LOUREIRO; FERNANDEZ, 2017). Engineering
tests have found that that unmodified J. curcas oil can
replace 40 to 50% of diesel.

The castor bean, known scientifically as Ricinus commu-
nis L, can grow in places with low water tolerance but
needs of heat and luminosity (SOUZA et al., 2010). The
Brazilian northeast has climatic conditions for the deve-
lopment of these plants (EMBRAPA, 2013). The amount
of oil from castor oil seeds contents from 46 to 55%,
whose commercial standard is 45% (CHEAH; YUSUPA;
CHUAH; BOKHARI, 2016).

J. curcas produces a non-edible oil; it is cultivated in
northeastern Brazil and irrigated with treated wastewa-
ter, which reduces the level of freshwater consumption
- this is a major environmental action considering the
recent constant reduction of the availability of water. In
addition, wastewater contains high levels of nutrients (ni-
trogen and phosphorus) that can meet crop requirements,
which significantly reduces, and sometimes eliminates,
fertilization costs (LEITE; JUNIOR; DE SOUSA, 2005).

The fruits of J. curcas and R. communis contains a vis-
cous oil that can be used in the cosmetics industry, as a
substitute for kerosene, and in the manufacture of soap
and diesel fuel (VIRGENS; CASTRO; LOUREIRO; FER-
NANDEZ, 2017). Using this non-edible oil for biodiesel
production could render this process economically feasible
(EL DIWANT; ATTIA; HAWASH, 2009). In addition, the
use of wastewater further reduces the costs of advancing
wastewater treatment. Biodiesel production must be

technically feasible, economically competitive, environ-
mentally sustainable, and readily available (ATABANI et
al., 2012). Therefore, it is necessary to explore methods of
reducing the biodiesel production cost and minimizing
the cost of raw materials is of particular interest.

The purpose of this study is to evaluate the domestic
sewage effluent crude in two small cities of the Brazilian
northeast (Ibimirim - PE and Pesqueira - PE) and oil and
biodiesel obtained from Ricinus communis and Jatropha
curcas plants. Thus presenting, a way of producing biofuel
with low cost and with possibility of being an alternative
to replace fuels derived from petroleum.

2 Materials and Methods

l 2.1 Characterization of the sewage treatment
system

For the two regions (Ibimirim - PE and Pesqueira -
PE) the water samples were analyzed using the standard
methods for the examination of water and wastewater
(American public health association (APHA), 2005). The
experimental unit of the Demonstration Station for Treat-
ment of Sewage and Hydrous Reuse, located in the district
of Mutuca-Pesqueira/PE is located in a rural community
in the semi-arid region, 230 km from Recife, capital of
the state. The other station works in the Municipality of
Ibimirim, Microregion of the Sertao do Moxotd, 340 km
from Recife. The samples were collected about between
0 - 1 meter deep and were performed in triplicates. The
mean values were used to show the results of this work.
The parameters adopted for characterizing the crude
and treated effluents were pH, chemical oxygen demand
(COD), biochemical oxygen demand (BOD), conductivity,
total phosphorus, total nitrogen, chlorides, sodium, and
potassium. To calculate the percentage or efficiency of
pollutant removal for the respective efficiency of the
treatment systems, the model proposed by Von Sperling
(2005), which is expressed in Equation 1.

E (%) =[(S,-S/S,) * 100]
(1)

E - treatment efficiency of the parameter studied -
Crude effluent

S - value of the studied parameter - Treated effluent

S, - value of the parameter studied - Gross effluent

l 2.2 Extraction of oil by extraction and
degumming

The oils of Jatropha and Ricinus were extracted
following the Soxhlet method, based on procedures
adapted from the analytical standards of the Adolfo Lutz
Institute (PREGNOLATO; PREGNOLATO, 1985). The
seeds were selected and ground in a multiprocessor (Mul-
timix I model, Zaitec), they remained homogeneous and
the contact surface area with the solvent was increased.
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After grinding, the samples were placed in an oven at 60
°C for 30 min. The samples were extracted for 2 h at 80
°C. The oil was extracted, and the solvent was removed
through a rotary evaporator, thereby creating a yellow
coloration (QUEIROZ; ZAIDAN; SILVA, 2017).

For the Jatropha oil, the oil underwent the degumming
process, which involves the addition of 3% (m/m) of water
to the oil heated at 70 °C and subsequent agitation for
30 min. In this study, the oil contained a large number
of phosphatides, so the water ratio was increased to 5%
and then 8% in relation to the oil mass, which was appro-
priate for gum removal. The oil was separated from the
gum using a separatory funnel and then dried at 105 °C
for 1 h (MANDARINO, 2001). This degumming process
was not necessary in castor oil.

l 2.3 Acidity of oil and biodiesel production

The acidity index was determined following the
American Society for Testing and Materials (ASTM) D
664 standard, which involves the determination of the
number of milligrams of potassium hydroxide required
to neutralize the free acids of one gram of the sample
(MORETTO; FETTI 1989). The sample was dissolved
in a solvent (ether + alcohol) and titrated with a 0.1-N
sodium hydroxide solution. Acidity analysis is important
because, if the oil has a high acid content, a reaction may
occur before the transesterification reaction to produce
biodiesel. The transesterification reaction was carried
out at a temperature of 58 ° C, alcohol / oil molar ratio of
8/1; 0.5% sodium hydroxide to the oil mass and constant
stirring for one hour. After the reaction, there was phase
separation with glycerol (lower phase) and biodiesel (upper
phase) due to the low solubility of glycerol in the esters.
This separation was performed on a separation funnel
after two hours. The biodiesel was heated for evaporation
of the excess alcohol and then subjected to the washing
step with water to remove the remaining catalyst, soap,
salts, alcohol and glycerine free from the biodiesel. The
conversion of free fatty acids was calculated by the acid
number, and the ester content after transesterification
was determined through gas chromatography.

2.3.1 Transesterification reaction

Transesterification requires one mole of triglyceride
and three moles of alcohol. During the reaction, the tri-
glycerides transform into the monoesters of fatty acids
that constitute biodiesel. In addition, a glycerin emerges
as a byproduct (FERREIRA et al., 2015). This process is
used to reduce the viscosity of triglycerides. The transes-
terification of triglycerides produces fatty acid alkyl esters
and glycerol (EL DIWANI; ATTIA; HAWASH, 2009), with
diglycerides and monoglycerides as intermediates. The
transesterification mechanism is described as follows (2):

When methanol is used for transesterification, R/ is
CH, and the process is referred to as methanolysis. The
methanolysis of Jatropha oil and Ricinus oil requires three
moles of methanol, and can be represented by the following
equation (3):

Triglycerides +R'"OH <«— Diglycerides = +RCOOR’
Diglycerides +R"OH <—» Monoglycerides + RCOOR’
Monoglycerides +R" OH <«— Glycerol +RCOOR’
Mechanism of transesterification
()
Cle -OOC-Ri Ri- COO -CHs CH2-OH
CH -OOC-R: + 3CHsOH — R»-COO-CHs + CH-OH
CHs -OOC-Ru Rs- COO- CHs CH:2-OH
Triglycerides Methyl alcohol Methyl esters Glycerol
Transesterification of Triglycerides
(3)

where R, R, R, are three moles of the fatty acid cons-
tituents of Jatropha oil and/or Ricinus. The methanolysis
of Jatropha and/or Ricinus fatty acids uses 100% of the
excess methanol to force the reaction in the forwards
direction, producing the corresponding fatty acids of the
methyl esters and releasing glycerol (HAILEGIORGIS;
HASRAFF; KHAN; AYOUB, 2016).

. 2.4 Physicochemical characterization of Ja-
tropha oil, Ricinus Oil and biodiesel

The physicochemical parameters of the oil samples
that were obtained after transesterification and purifi-
cation were determined according to ASTM standards
(ASTM D 445 - 1997; ASTM D 4052 - 1996). The specific
mass or oil density at 20 °C were determined according
to ASTM D 4052 and measured using an Anton Paar
GmbH DMA 4500. The kinematic viscosity at 40 °C
was determined following ASTM D 445 and measured
using a Cannon-Fenske.

l 2.5 Quantification of fatty acids

The chemical composition of the oils was deter-
mined using a CG Master gas chromatograph with a
PEG 530 pm x 60 m capillary column, which shows the
percentage of fatty acids. The stationary phase used was
polyethylene glycol, and the entrainment gas (H2) was
used at a flow rate of 5 mL/min. The temperatures of the
detector and injector were maintained at 260 °C and 240
°C, respectively, and the split mode was employed with
a ratio of 1:50. The fatty acids were quantified by area
normalization. The biodiesel was also characterized in
the same manner, and flashpoint analysis was conducted
according to ASTM D6751 (analytical method ASTM
D93) using a Herzog, model HFP 360.
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3 Results and discussion

. 3.1 Water and soil conditions

Table 1 shows the performances of the respective
effluent treatment systems of Pesqueira - PE with
values in the entrance and exit of effluent. Table 2 show
the performances of the respective effluent treatment
systems of Ibimirim - PE: anaerobic digester plus
filter, UASB, and anaerobic filter only. These results
were calculated used to calculate the efficiencies of
the systems.

Table 1 shows the parameters in the Pesqueira - PE
region. It was observed that there was a decrease, the
COD average was 464,02 mg/L at the entrance of the
effluent and 151 mg/L in the final, this decrease indi-
cated that had a high concentration of organic matter
that will lead to its degradation, consumption of the
dissolved oxygen present in the receiving bodies. The
mean BOD found was 99,94 mg /L and posteriorly was
of 30,29 mg/L, this mean that this demand is enough
to consume all the dissolved oxygen from the water,
which conditions the death of all aerobic organisms’
underwater breathing. The other parameters as phos-
phorous, electrical conductivity and nitrogen had a
decay showing that these parameters indicate their
retention in the soil and absorption by the plants.
It is important to comment on toxicity because the
most toxic elements in wastewater are boron, sodium
and chlorine. In our work the presence of sodium and
chlorine concentrations were observed, but the values
are within tolerated limits of 0,5 g/L and 13 meq/L (AL-

MEIDA, 2010). According VALDEZ-AGUILAR; REED,
(2010), the electrical conductivity can conduct electric
current, as a function of ionic concentration mainly
by nutrients such as calcium, magnesium, potassium,
sodium, carbonate, sulfate and chloride. The pH ideal is
between 6,0 and 8,6, according VON SPERLING (2005)
pH values far from neutrality can affect aquatic life
and the microorganisms responsible for the biological
treatment of the effluent, these values corroborate with
this work. The significant reduction of COD and BOD
showed the efficiency of the treatment, as maximum
efficiency obtained from 83,25%.

Table 2 shows the water and soil parameters in the
Ibimirim Region. Most parameters exhibited high
values in the raw effluent, which decreased due to the
applied treatments. Here, we use the removal efficien-
cies of COD and BOD, and the sodium and potassium
parameters as examples. According to the results,
COD was significantly reduced, demonstrating the
efficiency of the treatment systems. The maximum re-
moval efficiency was 96%, indicating the quality of the
digester plus filter and UASB reactors, which reduced
the pollution indices of the raw and treated effluents.
The BOD also reduced in the digester plus filter and
UASB reactors, demonstrating the efficiency of the
process. The removal efficiencies by the reactor that
solely contained a filter were lower than those of the
previous two treatments. It is important highlight that
no significant levels were detected for the metals zinc,
manganese, iron and copper in the samples. Is possible
that the concentrations of these metals in the samples
can be well below the detection level of the equipment.

Table 1- Medium values of the characterization of the exit of the Pesqueira - PE treatment plant

Entrance of effluent (+0,2) Exit of effluent (+0,2)
pH 7.59 7,78
COD (mg/L) 464,02 151,01
BOD (mg/L) 99,94 30,29
Conductivity (uS/cm) 2547,50 2012,25
Total phosphorous (mg/L) 22,18 38,12
Total nitrogen (mg/L) 41,96 29,45
Chlorides (mg/L) 397,68 281,53
Sodium (mg/L) 262,86 252,81
Potassium (mg/L) 89,49 66,53

Table 2 - Medium values of the 4 systems applied at Ibimirim - PE station

Raw Effluent (+0,2) Digester + filter (£0,2) UASB (+0,2) Filter(+0,2)
pH 7,03 7,34 7.14 7,10
COD(mg/L) 1968,27 384,58 395,48 694,88
BOD (mg/L) 335,59 47,30 36,05 65,03
Conductivity (uS/cm) 1658,50 1984,73 2137,70 1884,25
Total phosphorous (mg/L) 10,16 8,68 10,25 9,39
Total nitrogen(mg/L) 68,85 60,18 62,13 66,36
Chlorides(mg/L) 179,88 159 171,10 186,20
Sodium(mg/L) 2479,35 116,58 99,10 111,65
Potassium(mg/L) 123,68 4243 43,58 53,63
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Table 3 - Maximum and minimum values of process removal efficiencies in Pesqueira -PE station

Efficiency

COoD BOD

Entrance and exit of
effluent

62-83% 68-96%

Table 4 - Maximum and minimum values of process removal efficiencies in Ibimirim -PE station

Efficiency COD BOD
Digester + filter 66-96% 51-98%
UASB 45-94% 77-92%
Filter 40-92% 62-85%

The COD and BOD removal efficiencies from the
treatment systems are shown in Table 3 and 4.

. 3.2 Characterization of Ricinus comunnis oil
and Jatropha oil

Irrigated Jatropha seeds have a mean weight of 0.81
g, with a standard deviation of 0.033, as shown in Fig. 1,
which also shows the 95% confidence interval. The seeds
consist of 36.7% bark and 63.3% albumen. The seeds were
extracted following the Soxhlet method. On average,
26,41% of the oil could be extracted, as shown in Table 5.

The oil contents expressed in mass fraction are presented

in Table 5. The amount of fertigated castor oil is greater
than the amount of oil of the jatropha and ricinus oil plants.

These results show that there is a variation between
40% and 49% in oleo content extracted from irrigated and
fertirrigated castor bean seeds. Thus, the influence of
irrigation by domestic sewage is verified from the yield
of the extraction process, where a quantity of oil was
verified (QUEIROZ; ZAIDAN; SILVA., 2017).

The oil content extracted from the seeds of irrigated
Jatropha varied between 14.5 and 34.5%, with an avera-
ge of 26.41%. This variation is due to losses during the
extraction process, extraction time, humidity, and other
factors that influence the oil yield that are currently being

Figure 1 - Weight of seeds of Jatropha
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Table 5 - Oil content of Ricinus and Jathopha
SAMPLE OIL CONTENT OIL CONTENT OIL CONTENT IRRIGATED
FERTIGATED CASTOR (%)  IRRIGATED CASTOR (%) JATROPHA (%)
1 53,6+0,1 38,9+0,1 344+0,1
2 39.9+0,1 471+01 142+0,1
3 492+0,1 404+0,1 22,67+0,1
4 53,6+0,1 388+0,1 2591+0,1
5 456+0,1 358+0,1 34.84+0,1
AVERAGE 484+0,1 402+0,1 2641+0,1
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Table 6 - Results of the characterization analyses

ANALYSIS UNITS Ricinus Oil Fert irrigated Ricinus Oil irrigated Jatropha oil irrigated
Oil acidity index! (mg KOH/g) 0,0003 3,18 18,82
Specific oil mass? (kg/md) 940 961 911,5
Kinematic oil viscosity® (cSt) 248,65 2625 31,49

(1)astm d6642; (2) astm d40523; (3) astm d445%; (4) astm d93°

Table 7 - Result of the acidity analysis of neutralized Jatropha oil

ANALYSIS

UNITS VALUE

Acidity index of the neutralized oil*

(mg KOH/g) 0,9624

analyzed for possible correction.

The results of the acidity index, specific mass (density),
and kinematic viscosity analyses are presented in Table
6, and Table 7 shows the acidity index of neutralized oil.

The oils underwent transesterification, and the bio-
diesel quality and fatty acid composition for both types
of irrigation were quantified and analyzed using the
area percentage. Depending on the raw material, the
biodiesel may contain more or fewer unsaturated fatty
acids that are susceptible to oxidation reaction, which
would be accelerated by exposure to oxygen and high
temperatures; these conditions are relevant to engine
operation (PRAMANIK, 2003).

According to the analyzes presented in Table 6, a
low acidity index (0,0003mg KOH/g) is observed for the
fertirrigated castor oil sample and a high acidity index
(3,18 mg KOH/g) was observed for the sample of castor
oil irrigated with fresh water. According Ribeiro et al
(2012) the oil of castor oil irrigated with fresh water has
a high acidity index increasing the loss of the neutrali-
zation and indicating the inferior quality of the seeds,
when compared to the fertirrigated. The samples of
fertirrigated castor oil a very low acidity index and can
be classified as type 1 because it has a value lower than
1% (IJAZ et al.,2016).

The specific mass is also an important fluid-dynamic
characteristic of the fuel, because together with the
viscosity, it is important for the proper functioning of
the diesel cycle engines. For biodiesel, this property is
similar to that of diesel, except for castor bean biodiesel
that has a high viscosity and high specific mass of 0,959
kg/L (NOBRE et al., 2012, RIBEIRO et al., 2012).

As can be observed, there is a variation between 14,5%
and 34,5% in the content of oil extracted from irrigated
jatropha seeds at an average of 26,41%. This value is
considered below the percentage of the Jatropha oil of
the literature, which is about 35%, this is due to losses
during the process, time of extraction, humidity, among
other factors that are influencing the oil yield, which
already being analyzed for possible correction.

The analysis of the specific mass of the oil sample
was 911,5 kg / m3, a value consistent with the standard of
the oil of jatropha is observed. The kinematic viscosity
of the oil sample was 31.49 cSt, also consistent with the

characteristics of the oil.
. 3.3 Analysis of fatty acids

The oils were characterized following the chromato-
graphic method to determine the percentage composition
of fatty acids. The Ricinus oil fertirrigated the esters of
unsaturated fatty acids appear in greater quantity with
oleic (C 18: 1), linoleic (C 18: 2) and ricinoleic (C 18:
2) esters in higher proportions, 6.3%, 8.5% and 79.9%,
respectively. The methyl esters of palmitic (C16: 0) and
stearic (C18: 0) acids were found at lower levels. With the
irrigation of pure water, the analysis of fatty acids showed
that ricinoleic acid presented a lower level with 69%.

For the Jatropha oil irrigated with pure water the
esters of unsaturated fatty acids are more abundant, with
the oleic (C18:1) and linoleic (C18:2) esters exhibiting
higher proportions of 45.83 and 30.60%, respectively. The
methyl esters of the palmitic (C16:0), palmitoleic (C16:1),
and stearic (C18:0) acids were present at 15,87%, 0,71%
and 6,99%, respectively.

When analyzing the biodiesel of jatropha was veri-
fied that the esters of unsaturated fatty acids are more
abundant, with the esters of oleic (C18:1) and linoleic
acid (C18:2) constituting proportions of 44,75 and 30,34
%, respectively. The methyl esters of palmitic (C16:0),
palmitoleic (C16:1), and stearic (C18:0) acids were re-
corded at lower levels. For the biodiesel of ricinus oil,
the esters of ricinoleic (C18:2) had a proportion of 84%.

The purity of each biodiesel produced was calculated
following the European method using their fatty acid
compositions, and the biodiesel produced from irrigated
Jatropha had a purity of 71% and the biodiesel from the
fertirrigated ricinus presented a purity of 78,1%, while
the irrigated ricinus oil had a purity of 47,1%.

4 Conclusion

Using the data obtained from the water and soil analy-
sis of the Pesqueira - PE and Ibimirim - PE Region, we
can conclude that irrigation using a digester and UASB
are feasible for treating raw effluent. The high concen-
trations of sodium and potassium in the wastewater
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indicate high salinity, however, these values decreased
after treatment. The influence of irrigation using domes-
tic sewage was verified through analyzing the Ricinus
and Jatropha seeds obtained in the extraction process.
According to the physicochemical characterization, the
oils had values of the acidity, density and the viscosity in
agreement with the works of the literature and showed
a good-quality of oil produced. The chromatographic
analysis of the fatty acid composition of the Jatropha oil,
Ricinus oil and biodiesel of both showed that unsatura-
ted fatty acids were more abundant; oleic and linoleic
acid and ricinoleic, respectively. And bigger values in
fertirrigated samples. Through this work it is possible
to point out that there are already many places in Brazil
that have the reuse of water for agricultural purposes, but
it is necessary to institutionalize, regulate and prepare
legislation for better development and dissemination.

References

Almeida, Otdvio Alvares de. Qualidade da dgua de
irrigacdo. Cruz das Almas: Embrapa, 2010. 234 p.
Disponivel em: http://www.alice.cnptia.embrapa.br/alice/
bitstream/doc/875385/1/livroqualidadeagua.pdf.Acesso
em: 05 set. 2018.

American Public Health Association (APHA) Standard
methods for the examination of water and waste water
[s.l: s.n.]

Amin, A.; Gadallah, A.; EL Morsi, A. K.; EL-Ibiari, N. N.;
EL-Diwani, G. I. Experimental and empirical study of
diesel and castor biodiesel blending effect, on kinematic
viscosity, density and calorific value. Egyptian Journal
of Petroleum, 2016.

ASTM - American society for testing and materials. ASTM
D 664 - 1995: Acid Number of Petroleum Products by
Potentiometric Titration. Anual Book of ASTM Standards,
v. 05.01, 2001.

ASTM - American Society for Testing and Materials.
ASTM D 4052 - 1996 (02) €1: Density and Relative Density
of Liquids by Digital Density Meter. Annual Book of
ASTM StandardsASTM, 2002.

Atabani AE, Silitonga AS, Badruddin IA, Mahlia TMI,
Masjuki HH, Mekhilef S. A comprehensive review
on biodiesel as an alternative energy resource and its
characteristics. Renew Sust Energy Rev 16:2070e93, 2012.

Boehman AL (2005) Foreword biodiesel production and
processing. Fuel Process Technol 86(10)1057-8.

Cerqueria L.L.; Fadigas. F. S.; Pereira. F. A.; Gloaguen.
T. V.; Costa. J. A. (2008) Desenvolvimento de Heliconia
psittacorum e Gladiolus hortulanus irrigados com
dguas residudrias tratadas. Rev Bras Eng Agric Ambient
12(75):606-613

Cheah, K. W,; Yusupa, S.; Chuah, L. F.; Bokhari, A. Physio-
chemical Studies of Locally Sourced Non-Edible Oil:
Prospective Feedstock for Renewable Diesel Production
in Malaysia. Procedia Engineering 148, 451 - 458, 2016.

Davis, J.; O’'grady, A. P.; Dale, A.; Arthington, A. H.; Gell,
P.A.; Driver, P. D.; Bond, N.; Casanova, M.; Finlayson,
M.; Watts, R. J.; Capon, S. J.; Nagelkerken, I.; Tingley,
R.; Fry, B.; Page, T. J.; Specht, A. When trends intersect:
The challenge of protecting freshwater ecosystems
under multiple land use and hydrological intensification
scenarios. Science of the Total Environment 534, 65-78,
2015.

Dias, J.M; Aradjo, ].M.; Costa, J.F., Alvim-Ferraz, M.C.M.;
Almeida, M.F. Biodiesel production from raw castor oil.
Energy, v. 53, p. 58-66, 2013.

Embrapa - Empresa Brasileira de Pesquisa agropecuadria.
Centro Nacional de Pesquisa de Solos. Sistema Brasileiro
de Classificacao de Solos. 3. ed. Brasilia: Embrapa Solos,
353p., 2013.

El Diwani G, Attia N.K, Hawash S.I (2009) Development
and evaluation of biodiesel fuel and by-products from
jatropha oil. Int J Environ Sci Technol 6(2):219-224

Ferreira, N. M., Mesquita, E. F. De, S, F. V. Da S., Bertino,
A. M. P., Paiva, Emanoela P. De, & Farias, Soahd A. R.
Crescimento e producido da mamoneira BRS Paraguacu
sob irrigagdo, cobertura do solo e adubacao orgénica.
Revista Brasileira de Engenharia Agricola e Ambiental,
19(9), 857-864, 2015. https://dx.doi.org/10.1590/1807-1929/
agriambi.vi9n9p857-864

Hailegiorgis, S. M.; M. Amirul Hasraff, Saleem Nawaz
Khan, Mohammad Ayoub. Methanolysis of Castor Oil
and Parametric Optimization. Procedia Engineering
148, 546 - 552, 2016.

l[jaz, M.; Bahtti, K. H.; Anwar, Z.; Dogar, U. F.; Irshad,
M. Production, optimization and quality assessment
of biodiesel from Ricinus communis L. oil. Journal of
Radiation Research and Applied Sciences 9, 180-184,
2016.

Leite V.D., Junior G.B.A., De Sousa J.T. (2005) Tratamento
de dguas residudrias em lagoas de estabilizagdo para
aplicacao na fertirrigacio. Rev Bras Eng Agric Ambient
9:71-75

Mandarino, ] M G. (2001) Tecnologia para produgio do
6leo de soja: descricdo das etapas, equipamentos, produtos
e subprodutos - Londrina: Embrapa Soja, 40p.

Masiero G. (2011) Developments of biofuels in Brazil
and East Asia: experiences and challenges. Rev Bras Pol
Inter 54(2):97-117

Rev. Eletr. Gest., Educ. Tec. Ambient., Santa Maria v.23, e17, p. 07-08, 2019
[ === == = e e e e e =

07



Queiroz, G. A.; Zaidan, L. E. M C.; Bastos, A. M; Silva, V. L. 08

Moretto. E.; Fett. R.; Oleos e Gorduras Vegetais  Von Sperling. M. Introdugio a qualidade das dguas
(Processamento e Andlises). Editora da UFSC: e ao tratamento de esgotos. 3. ed. Belo Horizonte:
Floriandpolis.p. 142.1998. Departamento de Engenharia Sanitdria e Ambiental;
Universidade Federal de Minas Gerais. 2005.

Nobre, R. G.; Lima, G. S.; Gheyi, H, R.; Medeiros, E. P;

Soares, L. A. A.; Alves, A. N. Teor de dleo e produtividade

da mamoneira de acordo com a adubacéo nitrogenada

e irrigacdo com dgua salina. Pesquisa Agropecudria

Brasileira, v.47, p.991-999, 2012. http:// dx.doi.org/10.1590/

S0100-204X2012000700016

Pinto A.C., Silveira E., Carvalho M.G. (2005) Biodiesel:
An overview. ] Braz Chem Soc 16(6B):1313-1330.

Pramanik. K. Properties and use of jatropha curcas oil
and diesel fuel blends in compression ignition engine.
Renewable Energy 2003. 28. 239-248.

Pregnolatto, W; Pregnolatto, N. P. Normas analiticas do
Instituto Adolfo Lutz, Volume 1, Métodos Quimicos e
Fisicos para Andlise de Alimentos, 3.* Edi¢ao. Secretaria
Estadual da Saude, Sdo Paulo, SP, 533 p., 1985.

Ribeiro, M. C. F.; Rocha, F. A.; Santos, A. C.; Silva,
J. O.; Peixoto, M. F. S. P.; Paz, V. P. S. Crescimento e
produtividade da mamoneira irrigada com diferentes
diluicdes de esgoto doméstico tratado. Revista Brasileira
Engenharia Agricola e Ambiental, v.16, p.639- 646,
2012. http://dx.doi.org/10.1590/51415-43662012000600008

Queiroz, G. A. de; Zaidan, L. E. M. C; Silva, V. L. Oleo
produzido a partir de mamona irrigada com esgoto
doméstico para produgio de biodiesel. Revista Brasileira
de Energia Renovaveis, v.6, n.2, p. 301-317, 2017.

Sheehan J., Dunahay T., Benemann J.R.P. (1998) A look
back at the U.S. Department of Energy’s aquatic species
program—biodiesel from algae. Golden, CO: [s.n.]

Souza, N. C.; Mota, S. B.; Bezerra, F. M. L.; Aquino, B.
F.; Santos, A. B. Produtividade da mamona irrigada com
esgoto doméstico tratado. Revista Brasileira Engenharia
Agricola e Ambiental, v.14, p.478-484, 2010. http://dx.doi.
0rg/10.1590/S1415- 43662010000500004

Valdez-Aguilar, L.A, Reed, D.W. Growth and nutrition
of young bean plants under high alkalinity as affected by
mixtures of ammonium, potassium, and sodium. Journal
of Plant Nutrition, n.33, p.1472-1488, 2010.

Vieira J.S.C., Sousa T.L., Rosas L.S., Lima A.L., Ronconi
C.M., Mota C.J.A. (2018) Esterificacdo e transesterifica¢io
homogénea de leos vegetais contendo alto teor de 4cidos
graxos livres. Quimica Nova- QN, 41(2):10-16

Virgens [.0., Castro, R.D. De, Loureiro, M.B., &
Fernandez, L. G. (2017) Revisdo: Jatropha curcas L.:
aspectos morfofisiolégicos e quimicos. Braz J Food
Technol 20, €2016030. Epub February 06, 2017.https://
dx.doi.org/10.1590/1981-6723.3016

Rev. Eletr. Gest., Educ. Tec. Ambient., Santa Maria v.23, e17, p. 08-08, 2019
[ = = e e e e e e =



