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Energy and Environment are the two greatest 
challenges of humanity today. In addition to its 
intrinsic importance, these challenges are directly 
related to the production of food, the sustainable 
use of water bodies, and the wealth/poverty of 
nations. To address the emerging challenges, it 
is necessary to unify science and education, an 
essential condition for the radical transformation 
of scienti� c education, from the elementary 
school to graduate studies. � e convergence 
of scienti� c disciplines and research � elds, 
historically separated, can not occur without the 
emergence of new professionals and scientists who 
recognize the depth of the multifaceted scienti� c 
and technological challenges and how smart will 
be the e� ort necessary to integrate them. In this 
sense, the construction of new curricula, new 

structures and new educational paths that seek 
intellectual coherence will be necessary. In this 
new scenario, innovation emerges as the main fuel 
for the longevity of the corporation.

Modifying the disciplinary conventional 
vision in both Scienti� c and Professional training 
and in the Activities of Science, Technology and 
Innovation, involves a conceptual and institutional 
reformulation, because the departmental 
con� guration re� ects the current departmental 
division. � erefore, we need to advance towards 
a system with a focus beyond the academic 
departments, which include “Structures of 
Excellence”, like Institutes, Nucleus, Centers, etc., 
where the multi- and interdisciplinary approach 
predominate. In these environments, students 
must be trained with depth and scope to enable 
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them to overcome the border of disciplines and 
sub-areas concerned that enable them to act in an 
interdisciplinary way. Hence, the development of 
undergraduate projects, with scienti� c initiation, 
or graduate projects should occur, under the 
supervision of more than one advisor, allowing 
the training of students seeking a professional 
environment in which the actions and work 
in a network of interdisciplinary teams are 
increasingly encouraged and required. To this 
end, “Structures of Excellence” must have: i) 
Institutional autonomy, ii) Financial sustainability, 
iii) Intelligence and leadership, iv) Partnerships 
with the public and private sectors, v) national and 
international partnerships, vi) an interdisciplinary 
research agenda, vii) basic and applied research.

In this sense, the Ministry of Science and 
Technology’s PROGRAM FOR NATIONAL 
INSTITUTES OF C & T, INCT, could make it 

feasible to create the National Institute for Energy 
and Environment, focused on major scienti� c and 
technological challenges and, especially, in the 
training of highly quali� ed human resources. 

� e research focus of the National Institute 
of Science and Technology for Energy and 
Environment involves the preparation of biofuels, 
coupled with the recovery of the by-products, 
formulation and certi� cation of fuels and mixtures 
of fossil fuels and biofuels; combustion engines 
testing using bench and chassis dynamometers, 
and the impact of gases and particulate matter, 
at the nano- and sub-micron size scales, which 
are emitted to the atmosphere of urban Brazilian 
centers. � e synergy of research actions, mobility 
of sta� , integration in the training of human 
resources and the ability to transfer knowledge to 
society, government and businesses, are the main 
stock amalgamators of this new INCT – E&A.

Jaílson B. de Andrade
Coordinator
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national institute of sCienCe and 
teChnologY for energY & environMent
INSTITUTO NACIONAL DE CIÊNCIA E TECNOLOGIA DE ENERGIA E 
AMBIENTE (INCT – E&A)

UFSC, UFRGS, USP, UFRJ, UEL, UNEB, UESB, 
UEFS and UFPR. Among the 59 researchers, 26 
are fellows from CNPq research productivity at 
level I and 16 at level II. � e INCT-E&A  involves 
50 undergraduate students, 80 masters students 
and 75 doctorate students. � e research groups 
are involved in carrying out leading-edge research 
of high quality and internationally competitive in 
their skills. � us, the synergy of action research, 
mobility of personnel, the integration of human 
resource training and the ability to transfer 
knowledge to society, government and business 
are major amalgamators shares of this Institute.

our Mission and aiMs

This project proposes the preparation of 
biofuels, coupled with the enhancement of co-
products, formulation and certification fuels 
and mixtures of fossil fuels and biofuels, the 
combustion stationary engines and dynamometer 
rollers and the impact of gases and particulate 
matter (In micrometer and nanometer scale) 
emitted in the atmosphere of Brazilian urban 
centers with follow aims:
• To explore oilseeds - To investigate the 

occurrence and population distributions of 
oilseed plant species;

• Transesteri� cation and development of new 
catalysts - Develop new 

• heterogeneous catalysts for the reactions of 
microbiological transesteri� cation;

• To  formulate new additives - to formulat  and 
characterize additives for mixtures  of diesel, 
biodiesel and ethanol;

• To Analyze and specify the raw materials, 
biodiesel and coproducts – Validate  
and implement analytical methods for 

the institute

� e headquartered of National Institute of 
Energy and Environment (INCT-E&A) - CIEnAm 
is located at the Interdisciplinary Center for Energy 
and Environment (CIEnAN), Federal University 
of Bahia. � e INCT was founded in 2003 and is 
involved in Teaching, Research, Extension and 
Innovation skills oriented for the formation of 
quali� ed human resources and the generation 
of knowledge and technological products in 
the following areas: i) optimization and eco-
e�  cient energy use, ii) fossil fuels from biomass, 
iii) Environmental impacts in the atmosphere, 
lithosphere, hydrosphere and biosphere, iv) 
Clean technologies, v) Nanotechnology and new 
materials, and vi) the regulation and management. 
� e INCT-E&A acts as a national network of 
research groups belonging to di� erent states in 
di� erent Brazilian geographical regions. � ere is a 
cooperation within the network in the preparation 
of biofuels linked to valuation of their by-products, 
the formulation and certi� cation of either fuels 
or fuel mixtures (fossil fuel and biofuels), the 
fuel combustion in engines tested in stationary 
and roller dynamometer, and the impact of gases 
and particulate matter (both in micrometer and 
nanometer scale) emitted to urban atmosphere 
in Brazil. INCT-E&A’s studies also include the 
life cycle in fuel production with emphasis on 
carbon sequestration and conversion, impact and 
toxicology.

researChers

� e National Institute for Energy and 
Environment, involves 59 researchers from 39 
research groups in 10 di� erent institutions: UFBA, 
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characterization of biodiesel according to 
legislation;

• To study diesel, ethanol and  biodiesel mixtures 
– preparation of diesel,  ethanol and biodiesel 
mixtures for use in diesel engine testing; 

• To use diesel, ethanol  and biodiesel in diesel 
engines - to determine the physico-chemical 
properties of biodiesel and additives, to study 
issues from coal combustion and engine 

wear and its components, using mixtures, 
determine;

• To characterize and compare the emissions 
from fuels - Characterize and evaluate the 
impacts on the environment from emissions 
vehicular; 

• To study new uses for glycerin – Produce high-
value substances aggregate, from changes of 
glycerol, using the principles of Green Chemistry;

LIFE CYCLE

HUMAN RESOURCES
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• To Analyze the biodiesel life cycle  - survey 
the consumption and energy production 
and environmental impacts at different  
life cycle stages of the biodiesel production 
chain.

results and perspeCtives

� e already obtained results represent a 
signi� cant contribution of the INCT-E&A’s theme 
which are published in peer reviewed journals. � e 
focus on technology and innovation is re� ected 
on patents, incubated companies working in the 
technological appropriation of the INCT-E&A’s 
results and the signi� cant number of both small 
and large companies* that holds scienti� cal and 
technological cooperation at the Institute. Also, a 
pilot plant was designed, built, and is operating at 
present with a production capacity of 5 million L 
year-1 of biodiesel.
• � e continuous training of quali� ed human 

resources is one of the primary aims of the 
INCT-E&A and is re� ected in the signi� cant 
number of undergraduate students, MSc, PhD 
and post-doc students. � e di� usion of science 
for the society has an important role in INCT-
E&A and has several regular activities, as for 

example: “Escolas de Verão e Inverno” (Summer 
and Winter Schools), involving about 300 
students and professionals in each of them; the 
Program “o Cientista Volta à Escola”, which 
creates and keeps an interaction between 
scientists and elementary and middle school 
teachers and students; and the creation of the 
“Química Nova Interativa” (http://qnint.sbq.
org.br/qni), a website of Sociedade Brasileira 
de Química (Brazilian Chemical Society) with 
an active participation of the INCT-E&A. 

• � e INCT-E&A has maintained cooperation 
with the INCT-NAIRA and strong links with 
others INCTs as INOMAT, INOFAR, INCT-
TMCOcean, INCT de Controle Biorracional 
de Insetos e Pragas, which take part of a group 
called “I5+”, that was created at a meeting of 
the � ve INCT’s, which occurred in November 
of 2009 in Itaparica, Bahia. At the Universidade 
Federal da Bahia, the INCT-E&A works in 
conjunction with the INCT-GP. In May 2010 
both Institutes had proposed the creation of 
a new Unity in the UFBA called “Instituto de 
Ciência, Tecnologia e Inovação em Energia e 
Ambiente (ICTI-EA)”.

See more at: www.inct.cienam.u� a.br

* Petrobrás, Politeno, Braskem, Bahiagásin, Quimis, EBDA (Empresa Baiana de Desenvolvimento Agrícola, Ourofi no 

Agronegócios Agropecuário), Quattor, Biocapital, Evonik, CBMM, Oxiteno, Analytik Jena AG, Jena, Alemanha, 

Instituto de Tecnologia do Paraná (Tecpar), National Research Center Canada (NRCC) e as empresas incubadas: 

E&A Energia e Ambiente e Solar Engenharia Sustentável
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oils
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DIMETHYL ETHER OVER METAL-EXCHANGED ZEOLITE Y

22 effiCienCY Control in a CoMMerCial Counter floW Wet Cooling 
toWer

28 OPTICAL PROPERTIES OF COLLOIDS FORMED IN COPPER-TIN SULFATE 
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32 soYbean oil and beef talloW alCoholYsis bY aCid 
heterogeneous CatalYsis

36 beef talloW biodiesel produCed in a pilot sCale

ENERGY FOSSIL FUELS AND BIOMASS
EXPLORATION, PREPARATION, SYNTHESIS AND MIXTURES

Thematic Research 2:

41 siMultaneous deterMination of Cd and fe in beans and soil of 
DIFFERENT REGIONS OF BRAZIL USING HIGH-RESOLUTION CONTINUUM 
sourCe graphite furnaCe atoMiC absorption speCtroMetrY and 
direCt solid saMpling

45 DISPERSIVE LIQUID-LIQUID MICROEXTRACTION FOR DETERMINATION OF 
Cobalt in Water saMples

47 MultiCoMponent Coupling reaCtions in the sYnthesis of 
THIOSEMICARBAZONES

50 LESSONS FROM THE TERRA PRETA DE ÍNDIOS OF THE AMAZON REGION 
FOR THE UTILIZATION OF CHARCOAL FOR SOIL AMENDMENT 

52 deterMination of traCe eleMents in Crude oil and in 
biologiCal and geologiCal saMples bY atoMiC speCtroMetrY

55 QuantifiCation and sourCe identifiCation of atMospheriC 
partiCulate polYCYCliC aroMatiC hYdroCarbons and their 
DRY DEPOSITION FLUXES AT THREE SITES IN SALVADOR BASIN, BRAZIL, 
iMpaCted bY Mobile and stationarY sourCes

62 speeding up hCl eXtraCtions bY eMploYing ultrasound energY 
to evaluate traCe eleMents bioavailabilitY in sediMents

ENVIRONMENT
GASEOUS AND PARTICULATE EMISSIONS, WASTE 
AND CONTAMINATION
IMPACTS TOXICOLOGY
CARBON SEQUESTRATION AND CONVERSION
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EMISSION PROFILE OF 18 CARBONYL 
COMPOUNDS, CO, CO2, AND NOX EMITTED BY 
A DIESEL ENGINE FUELLED WITH DIESEL 
AND TERNARY BLENDS CONTAINING DIESEL, 
ETHANOL AND BIODIESEL OR VEGETABLE OILS**

Lílian Lefol Nani Guarieiro1, Amanda Figueiredo de Souza1,
Ednildo Andrade Torres2,3,4, Jailson B. de Andrade1,3,4*

1Instituto de Quı´mica, Universidade Federal da Bahia – UFBA, 40170290 Salvador, BA, Brazil
2Escola Polite´cnica, Universidade Federal da Bahia – UFBA, 40210-730 Salvador, BA, Brazil
3Centro Interdisciplinar de Energia e Ambiente – CIEnAm, Universidade Federal da Bahia – UFBA,
Canela, 40110-040 Salvador, BA, Brazil
4INCT de Energia e Ambienete, Universidade Federal da Bahia – UFBA, 40170-290 Salvador, BA, Brazil
*e-mail: jailsong@ufba.br
**see more at: GUARIEIRO, L.L.N, et al. Atmospheric Environment  2009, 43, 2754.

� e impact of vehicular emissions on air 

depends, among other factors, on the composition of 

fuel and the technology used to build the engines1,2. 

� e reduction of vehicular emissions requires 

changes in the fuel composition, and improving 

the technologies used in the manufacturing of 

engines and for the a� ertreatment of gases. In 

general, improvements to diesel engines have 

targeted not only emission reductions, but also 

reductions in fuel consumption. However, changes 

in the fuel composition have been shown to be a 

more rapid and e� ective alternative to reduce 

pollution3,4. Some factors should been taken into 

consideration when searching for an alternative 

fuel to be used in diesel engines, such as emissions, 

fuel stability, availability and its distribution, as 

well as its e� ects on the engine durability5. � us, in 

this work, 45 fuel blends (Figure 1) were prepared 

and their stability was evaluated. � e following 

mixtures (v/v/v) were stable for the 90-day period 

and were used in the emission study: diesel/

ethanol  – DE (90/10%), diesel/ethanol/soybean 

biodiesel – DESB (80/15/5%), diesel/ethanol/castor 

biodiesel – DEAB (80/15/5%), diesel/ethanol/

residual biodiesel DERB (80/15/5%), diesel/

ethanol/soybean oil DESO (90/7/3%), and diesel/

ethanol/castor DEAO oil (90/7/3%). � e in� uences 

of the engine on regulated and unregulated 

emissions were investigated at two constant speeds 

(1800 and 2000 rpm) with varying load levels.

� e experiments were performed using an 

internal combustion engine (Agrale®, Model 

Figura 1. Misturas combustíveis preparadas para a avaliação da estabilidade.
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M790, 22 kW) mounted on a dynamometer steady, 
varying the speed rate (1800 and 2000 rpm) and 
the charge level (0, 5 and 10 kW). � e sampling 
time was 15 min in each mode of engine operation. 
Emissions of regulated compounds (CO and 
NOX) and CO2 were measured online using a gas 
analyzer (Telegan TEMPEST – 100). Sampling of 
carbonyl compounds was performed using two 
impinger bottles in series � lled with 10 mL of 
2,4-DNFHi. All samples were taken in triplicate. 
Analyses were performed on a system of high 
performance liquid chromatography coupled to a 
UV-DAD detector (HPLC-UV-DAD, Agilent 1100, 
l max . = 365 nm). � e carbonyl were separated on 
a column of 2.1 × 250 mm C18 LC (5 mm), using 
as eluent acetonitrile and water in gradient mode. 
� e identi� cation was made by comparison of 
retention times to that of a standard mixture of 
CC and quanti� cation by analytical curves with 
external standardization.

� e 18 carbonyl compounds identi� ed and 
quanti� ed are shown in Figure 2. Formaldehyde, 
acetaldehyde, acetone, and propionaldehyde were 
the CC quanti� ed in higher concentration at less 
(0 kW), middle (5 kW), and high (10 kW) loads 
for diesel fuel. � e increase of the load showed a 
decrease of CC emissions of the C1–C3 carbonyl 
compounds, but the C4–C10 compounds showed 

an opposite result and similar time pro� le in 
the pure diesel emissions. Figure 2 shows the 
CC emission rate (%) at 1800 rpm without load 
(0  kW) using fuel blends compared to pure 
diesel. � e addition of 10% ethanol to diesel 
showed an increase of approximately 17% in the 
emission of CC. When increasing the proportion 
to 15% ethanol, an emission rate of CC that is 
approximately 25% higher than that of diesel is 
expected. � us, the addition of biodiesel from 
castor oil (AB), residual oil (RB), and soybean 
oil (SB) showed increases in the emission rate by 
19, 39.3 and 55.4%, respectively. � is means that 
the addition of AB to ternary mixture helped 
to reduce the emissions of CC and SB, and RB 
contributed to an increase in the emission of CC. 
� e AB has a large percentage of the ricinoleic 
acid ester, which has a hydroxyl radical in carbon 
12. � e presence of the hydroxyl group may be 
contributing to more complete burning, reducing 
the emission of CC. In this manner, when 3% 
vegetable oils were added to ternary mixture the 
emission rate was higher for the OS (98%) than 
for AO (53%). � e acrolein emissions found in 
the ternary mixture were very signi� cant. � e 
pure diesel, DEAO and DESO did not show any 
acrolein emission. � erefore, the blends DE, 
DESB, DEAB, and DERB showed concentrations 

Figura 2. The CC emission rate (%) at 1800 rpm and without load (0 kW) using DE, DEAB, DESB, DERB, DESO, 
and DEAO fuel blends in comparison to pure diesel.
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as high as 91.6, 109.8, 144.8, and 175.3 ppbV, 
respectively, for the engine condition without load 
at 1800 rpm. � e higher part of acrolein emission 
can be ascribed to total glycerol residue. It was 
shown before that the RB used in DERB fuel had the 
higher quantity of total glycerol (0.2988%, w) than 
the other biodiesels used. � is causes DERB to emit 
more acrolein. Although DESO and DEAO did not 
emit acrolein, theses compounds produced a higher 
concentration of acetone (4632.6 and 1351.4 ppmV 
to DESO and DEAO).

� e results of this work indicates that NOX 

emissions from the fuel blends used (in various 
operating conditions) decrease 7-75% and 4-85% 
the emission of NOX into their rotations in 1800 and 
2000 rpm, compared to NOX emissions for pure 
diesel. � us, the addition of oxygenates to diesel 
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Figure 3. Diesel engine mounted on a dynamometer steady.Figure 3. Diesel engine mounted on a dynamometer steady.

fuel can improve combustion e�  ciency, resulting in 
more complete combustion in terms of NOX.

� e addition of 10% ethanol in diesel reduced 
CO2 emissions 5-24% (1800 rpm) and 4-6% 
(2000  rpm), and the presence of co-solvents in 
the ternary mixture contributed to a further 
reduction of emissions CO2 studied only at 
the higher rotation (2000 rpm). No signi� cant 
di� erence was observed in CO, when you use 
the binary and ternary mixtures. � us, this 
research evidence that the use of ternary blends 
using diesel/ethanol/biodiesel or vegetable 
oil contributes only in the reduction of NOX 
emissions for all engine conditions studied. � us, 
with the exception of NOX, the use of ternary 
blends results in increased emission rate of the 
compounds studied.
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� e search for industrial processes of natural 

gas conversion to liquid fuels and petrochemicals 

is a major challenge in chemistry. With the 

increasing price of oil and possible shortage during 

the 21st century, natural gas appears as a promising 

raw material, because the world gas reserves 

exceed the oil reserves1. As a consequence, natural 

gas is gaining importance in the world’s energetic 

matrix, motivating the development of new 

processes, especially concerning the production of 

clean fuels to improve air quality. 

� e most common pathway for transforming 

natural gas is reforming, which produces syngas, a 

mixture of carbon monoxide and hydrogen2. Syngas 

might then be used in Fischer-Tropsch process3 to 

produce gasoline and diesel range hydrocarbons, 

as well as in methanol synthesis, with the use of 

copper-zinc based catalysts4. � e main problem 

associated with natural gas reforming is the high 

endothermicity of the reaction, which demands a 

great amount of energy, consequently increasing 

the operation costs.

On the other hand, halogenation of methane, 

the main constituent of the natural gas, is a well 

known reaction. Chlorination is exothermic by 

101 kJ/mol, whereas bromination releases 25 kJ/mol 

of energy. Both reactions can be performed on 

an industrial scale to produce the halomethane 

derivatives, either through direct reaction of natural 

gas with the halogens, or through oxyhalogenation 

processes, using HCl or HBr and air. In addition, 

the electrophilic halogenation of methane can be 

performed with the use of Lewis acid catalysts, 

yielding monohalomethane derivatives in high 

selectivity5,6. � us, development of processes for 

halomethane transformation would avoid syngas, 

and may reduce the economical drawbacks and 

high energy consumption associated with natural 

gas transformation.

Methanol is a major commodity, used for 

production of fuels, petrochemicals and in fuel 

cell systems7. Dimethyl ether (DME) is being 

considered a clean fuel8, and might replace oil 

in diesel engines, with little or no particulate 

and sulfur emissions. In the present work we 

show early results of chloromethane hydrolysis 

to methanol and DME (scheme 1) catalyzed by 

metal-exchanged zeolite Y, at mild temperatures 

and continuous � ow conditions. 

Scheme 1. Conversion of chloromethane to methanol 

and dimethyl ether over zeolite catalyst.

� e catalytic hydrolysis of chloromethane 

was carried out in a continuous � ow, � xed 

bed unit, coupled online with a capillary gas 

chromatograph. � e catalyst was � rstly pre-treated 

under � owing nitrogen (40 ml/min) at 773 K for 

60 minutes, according to a temperature program 

(room temperature up to 473 K, remaining at 

this temperature for 30 minutes and up to 773 K, 

at 2 K/min). � e reactor was then cooled to the 

reaction temperature and the nitrogen � ow was 

replaced by a � ow (40 ml/min) of chloromethane 

in helium (8  molar%). Water was simultaneously 

introduced in the reactor by means of a syringe 

pump. � e water/CHCl3 � ow was adjusted to 
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achieve a molar ratio of 3. An U-tube packed 
with CaO was placed just a� er the reactor to 
trap the HCl formed and the excess water. In 
control experiments, it was shown that neither 
chloromethane, nor oxygenated products were 
signi� cantly adsorbed over the CaO bed at room 
temperature. Product analyses were carried out in a 
capillary gas chromatograph using � ame ionization 
detection and a column of DB-624 (cyanopropyl- 
phenyl-methyl-polysiloxane). � e conversion and 
selectivity were taken from the chromatographic 
analysis, a� er correction for the response factors. 
Blank reactions were carried out replacing the 
catalyst bed by glass spheres.

Table 1 shows the results of chloromethane 
hydrolysis at 543 K over all catalysts studied. We 
chose to compare the catalysts at this temperature 
to minimize the formation of hydrocarbon by-
products, as well as to keep a signi� cant conversion 
degree. Compared to the blank reaction, all 
catalysts were active for chloromethane hydrolysis 
and presented the same conversion range, at 
approximately the same WHSV. � is suggests 
that the activation step in each zeolite catalyst 
is similar, probably involving the coordination 
of chloromethane with the metal cation, and 
subsequent formation of the adsorbed methoxy 
group. Neither appreciable deactivation of the 
catalysts nor selectivity changes were observed 
during the runs, which normally last 120 minutes.

Methanol was the major product formed 
on all metal-exchanged zeolite catalysts, with 
selectivity varying from 76 to 95%. � e alkaline 
metal-exchanged zeolites showed the highest 
methanol selectivity, in the range of 93 to 95%, 

whereas exchange with divalent and trivalent 
cations decreased the selectivity. � e other 
major product was dimethyl ether (DME), which 
accounted for 5 to 7% selectivity on alkaline 
metal-exchanged zeolite Y and 10 to 24% on the 
MgY, CuY and FeY zeolites. Small hydrocarbons, 
such as ethene and propene, were also observed 
over MgY at 543 K. 

To get further insight into this possible 
mechanistic pathway, we performed quantum 
mechanical calculations. Figure 1 shows the 
calculated transition state for the methanolysis 
of an adsorbed methoxy group in the presence 
of monomeric NaCl, which would be formed 
upon chloromethane adsorption. � e structure 
of the transition state for hydrolysis (not 
shown) is similar and involves a calculated 
activation energy of 15.7 kcal/mol, whereas 
methanolysis requires an activation barrier 
of 13.2 kcal/mol, both results computed at 

Table 1. Hydrolysis of chloromethane over different metal-exchanged zeolite Y at 543K.

Catalyst
WHSV

(h-1)
Conversion 

(%)
Selectivity (%)

CH3OCH3 CH3OH C2
= C3

= C4
+

NaY 10.4 7.0 5 95

KY 10.3 6.2 7 93

CsY 10.3 6.3 7 93

MgY 9.0 5.4 16 76 2 3 3

CuY 8.2 5.0 24 76

FeY 8.2 8.4 10 90

Blank - 0.3 - 100 - - -

Figure 1. Calculated transition state for 
methanolysis of an adsorbed methoxy group at 
ONIOM(PBE1PBE/6-31G(d,p):MNDO).
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ONIOM(PBE1PBE/6-31G(d,p):MNDO) level of 
calculation and related to the isolated reactants. � e 
calculations indicated that the methanolysis of the 
adsorbed methoxy group to a� ord DME involves 
a slightly lower energy barrier than hydrolysis to 
a� ord methanol. � is might explain the formation 
of DME over metal-exchanged zeolites with little or 
no Bronsted acidity, like NaY, KY and CsY. 

� e hydrolysis of chloromethane to methanol 
and DME can be accomplished in a single step, 
through the action of metal-exchanged zeolite 
catalysts. One might argue that this route may 
have environmental drawbacks, associated with 

the release of chlorinated compounds to the 
atmosphere. Indeed, the HCl produced in the 
reaction could be used in the oxychlorination of 
natural gas to chloromethane (scheme 2). � us, 
there would be no signi� cant chlorine atom 
consumption or release to the atmosphere, making 
the whole process attractive and environmentally 
clean. Since the oxychlorination is exothermic, the 
heat produced in the � rst step might be used in 
the catalytic hydrolysis, making the whole energy 
balance attractive with respect to the traditional 
methanol and DME production from syngas 
obtained from natural gas reforming. 

Scheme 2. Schematic view of the chlorine assisted conversion of methane to methanol/DME. Oxychlorination and 
catalytic hydrolysis.
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Cooling towers have long been neglected as 
an important element in the application of eco-
e�  ciency in industrial processes. Given recent 
concerns about sustainable development, the 
analysis and implementation of optimization and/
or control techniques in cooling towers represent 
a potential source of improvement in energy 
e�  ciency1 and reduction in water consumption. 
Cooling towers are much used in process plants 
and their main process variables, such as the 
temperature of the water exit stream, the e�  ciency2 
and the e� ectiveness3 are generally not controlled. 
� is is the � rst work, along of late twenty years, 
that quanti� es the bene� ts which arise from 
control improvements in � nancial terms and 
therefore shows their economic feasibility because 
the required instrumentation and controllers are 
standard.

� is work presents closed-loop analysis in a 
counter � ow mechanical dra�  wet cooling tower 
of industrial scale capable of operating with a 
water circulation � ow of about 2100 m3/h and 
coupled with a shell and tube heat exchanger 
which represents the process thermal demand, as 
shown in Figure 1a. � ree control strategies were 
evaluated and compared in order to control the 
performance of the equipment with respect to the 
eco-e�  ciency of its operation directly, assuring 
simultaneously the satisfaction of the process 
thermal demands.

� e phenomenological model adopted to 
describe the dynamic behavior of the system 
(Figure 1a) considered as a starting point the works 
of Majumdar et al.4, Younis et al.5 and Al-Nimr6, 
and consists of three coupled partial di� erential 
equations, two ordinary di� erential equation 
and one algebraic equation. � e thermodynamic 
properties considered for the air-water mixture 

were obtained from ASHRAE7. � e model is based 
on the following assumptions8 (Figure 1b shows 
an idealized model of heat exchange in cooling 
towers, using thermal resistances):
• � e cooling tower operates under adiabatic 

conditions;
• � e water � ow changes vertically throughout 

the tower, remaining constant in each section;
• � e density and the speci� c heat of the water 

are constant;
• � e dry air � ow is constant. However, the 

density and the speci� c heat of the air change 
vertically throughout the tower, remaining 
constant in each section;

• � e � ll packing is uniformly wet and in 
thermal equilibrium with the aqueous phase;

• Water waste due to dri� ing and blow down is 
negligible;

• � e Lewis factor is equal to one;
• � ere is no meaningful delay between the 

tower and heat exchanger.
� e equations comprise a transient model 

with distributed parameters (one-dimension). 
� e line method was used in the dynamic 
systems simulation. � e derivatives of position 
were approximated through � nite di� erences 
and the time integration was carried out using 
the Klopfenstein’s method. � e � ll packing 
volume was divided into 10 sections, leading to 
a di� erential algebraic system with 31 ordinary 
di� erential equations and 10 algebraic equations.

In the literature, an adjustment of a complete 
phenomenological model to a counter � ow wet 
cooling tower of industrial scale is not presented. 
In this work, dynamic data collected during the 
startup (open-loop and unsteady state conditions) 
of a commercial cooling tower operating in 
a cellulose production unit located in Brazil 
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were used to estimate the model parameters. 
� e estimation procedure was also based on 
correlations proposed in the literature and in 
the real operation conditions of the equipment. 
Figure  1c presents the temperature predicted for 
the water outlet stream together with the real 
data. � e model provides a good description of 
the cooling process considering that the pro� le of 
the air outlet stream was also satisfactory, lying 
between the inlet and outlet water temperatures 
(McKelvey and Brooke, 1959 in Mohiuddin and 
Kant9).

� ree control strategies were analyzed and the 
water and energy consumptions were estimated 
in each case. � e � rst comprised the adoption of 
a split-range for the control of the cooling water 
temperature alone. � e second strategy comprised 
a split-range for the control of tower e�  ciency. 
Finally, a combination of override and split-range 

control of two performance indices (e�  ciency and 
e� ectiveness) considering a SISO (Single-Input, 
Single-Output) loop for each controlled variable 
was used. In each case, simultaneous disturbances 
in the thermal demand and in the wet bulb 
temperatures were applied, according to Figures 
8a and 8b.

In all cases, the PID tuning parameters were 
selected through an optimal tuning method, which 
involved the solution of an optimization problem 
to minimize the deviations between the controlled 
variable and its setpoint11,13. � is strategy is also 
adopted in the tuning of a PI-fuzzy control applied 
to a nylon polymerization semi-batch reactor with 
variable setpoints for pressure and temperature14.

� e � rst closed-loop simulation test (strategy I) 
comprises a regulatory problem in which the 
setpoint of the cooling water temperature is 
30 °C, according to the tower design speci� cation. 

Figure 1. a) Process fl owsheet; b) Heat exchange scheme using an electric analogy (based on Guang-Yu Jin 
et al.10); c) Outlet water temperature: Simulated and historical data.
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� is split-range range strategy is presented in 
Figure 2a. Figures 2b and 2c present the behavior 
of the manipulated variables and Figure 2d shows 
the behavior of the outlet water temperature. A 
feasible performance for the manipulated variables 
can be veri� ed and the control is able to cope with 
the disturbances to keep the controlled output 
close to its setpoint. Moreover, it can be seen that 
all the closed loop tests presented in this work 
comprise a mixed control problem (regulatory and 
servo) as the initial conditions of the controlled 
variables are not equal to the setpoint established 
in each case.

In the second closed-loop test (strategy II), the 
e�  ciency setpoint was assumed to be equal to 80%. 
Manipulated variables and constraints were the 
same as strategy I. � e diagram of this split-range 
range strategy is presented in Figure 3a and other 
tuning parameters were estimated considering 
this speci� c control problem. Figure 3b presents 
the behavior of the controlled variable. It shows 
that e�  ciency had not reached its setpoint value 
and an o� set is presented. � is can be explained by 
the physical restrictions of the tower considering 
that, although the setpoint value is that of the 

Figure 2. Control strategy I: a) Split-range strategy designed to control outlet water temperature; b) Water fl ow; 
c) Air fl ow; (d) Outlet water temperature.

Figure 3. Control strategy II: (a) Split-range strategy 
designed to control effi ciency; (b) Tower effi ciency.
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design speci� cations, the parameters of the model 

that represents the cooling tower were obtained 

using the process data of a commercial tower 

which deviates from its design conditions because 

of aspects such as fouling which have to be taken 

into consideration over operation time. However, 

the control strategy is capable of maintaining the 

e�  ciency value close to the desired setpoint and, 

as can be seen in the following section, a notable 

improvement in tower performance is seen.

� e third closed-loop simulation test (strategy III) 

comprised an override/split-range combination in 

order to maximize the cooling tower performance 

through the use of two PID controllers considering 

simultaneously the control of both e�  ciency and 

e� ectiveness, variables with opposite behaviors as 

shown earlier. � e diagram of this override/split-

range range strategy is presented in Figure 4a. Here, 

whenever e� ectiveness drops below its minimum 

threshold value (low e� ectiveness, εL = 70%), the 

control is switched to the PID controller associated 

to the maximization of the e� ectiveness. On the 

other hand, if the e� ectiveness value reaches its 

maximum threshold value (high e� ectiveness, 

εH = 80%), the PID controller associated to the 

e�  ciency control is activated. Despite the fact 

that the air and water � ows are manipulated 

simultaneously through a split-range strategy, the 

e� ect of the water � ow is more expressive in the 

e�  ciency control and the same is valid for the air 

� ow-e� ectiveness interaction.

Figures 4b and 4c present the behavior of 

manipulated and controlled variables. Considering 

the infeasibility of keeping e�  ciency and 

e� ectiveness simultaneously at their setpoints, the 

override/split-range strategy proposed is capable of 

monitoring both outputs and to assure the values 

are maintained within satisfactory levels.

A comparative analysis of all control strategies 

together with the open-loop performance is 

presented in Table 1 considering the water and 

energy consumption obtained for each scenario. 

� is table also presents the variation in the energy 

and water consumption and the monetary savings 

resulting from the adoption of the open-loop 

behavior as reference.

Although control strategy I results in a 0.19% 

increase in water consumption, which represents 

approximately 830 m3/year, the overall closed-

loop results show a signi� cant reduction in energy 

and water consumption directly associated to 

the tower operation (fans and pump). In control 

strategies II and III where e�  ciency is directly 

controlled, reductions of 960 m3/year and 

1090  m3/year, respectively, are estimated for 

water consumption.

� e greatest bene� t brought about by the 

control strategies is that of a signi� cant reduction 

in energy consumption, mainly for strategy II 

where direct control of the tower e�  ciency is 

performed. Considering the results obtained 

with this control strategy, and based on the 

price of electric energy in Brazil, an annual 

energy saving of about US$ 380,000/year is 

estimated. Moreover, another important positive 

environmental impact is also achieved through 

water savings, although not as important as 

energy savings from a � nancial point of view 

given the current low price of water. � e results 

also suggest that direct control of tower e�  ciency 

can be enough to assure the high performance 

of the towers as well as satisfy process demands. 

Important environmental positive impacts are 

obtained through reductions in water and energy 

consumption.

Table 1. Water and energy consumptions and their variations (%) in relation to the open-loop case over 18 hours of 
operation

Strategy I Strategy II Strategy III
Open-
loop

results

Water consumption (m3) 923.3 (+ 0.19) 919.5 (- 0.22) 919.3 (- 0.25) 921.6
Energy consumption (pump) (kWh) 4268.7 (- 62.2) 2565.7 (- 77.3) 4332.0 (- 61.7) 11297.0
Energy consumption (fans) (kWh) 3035.0 (- 17.3) 3667.1 (- 0.04) 3469.8 (- 5.4) 3668.6
Total energy consumption (kWh) 7303.7 (- 51.2) 6232.8 (- 58.4) 9128.2 (- 39.0) 14966.0
Monetary savings (US$) 730 840 560 -
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Figure 4. Control strategy III: a) Override/split-range strategy designed to control effi ciency and effectiveness; 
b) Water fl ow and tower effi ciency; c) Air fl ow and effectiveness.
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Tin dioxide is a typical wide band gap n-type 

semiconductor (3.6 eV for crystalline SnO2) and 

one of the most widely used semiconductor oxides 

due to its chemical and mechanical stability. It 

can be used for many applications, such as gas 

sensors, solar collectors, transparent conductors 

and others. Recently, one or bi-dimensional 

structures, such as nanowires and thin � lms, 

have attracted increasing attentions, owing to its 

enhanced surface-to-volume ratio and promising 

applications for gas sensors and electronic 

nanodevices.

Traditionally, tin dioxide can be prepared by 

many di� erent wet chemical methods, such as 

precipitation, hydrothermal, solvothermal, sol-

gel, gel-combustion, spray pyrolysis, polymerized 

complex and amorphous citrate method. 

Furthermore, stannic ions in aqueous solution 

tend to precipitate in � nely dispersed tin oxide 

particles and can lead to sludge formation. Sn(IV) 

compounds formed by slow oxidation of Sn(II) are 

capable of forming unstable colloids that coagulate 

rather quickly, yielding precipitates containing 

Sn(IV) and Sn(II). Besides, the addition of Sn(IV) 

into Sn(II) solution containing sulfuric acid results 

in the formation of yellow-coloured Sn(IV)-Sn(II) 

colloids. It is a rare case when the same element 

in two di� erent states can form a sol1. However, 

this process can be reversed if Cu2+ ions are added 

to the colloidal suspension, accelerating the 

Sn(II) oxidation. On the other hand, oxidation 

inhibitors can be used to maintain the stability of 

an acidic tin electrolyte during prolonged storage 

and processing times. Many antioxidants, such 

as sodium sul� te, hydrazine, carbohydrazide, 

methylethylketoxime, hydroquinone and 

diethylhydroxylamine, are used to reduce the 

tendency of stannous ions to oxidize in the 

presence of dissolved oxygen2.

We studied the optical characterization of 

Sn(IV)-Sn(II) colloidal particles formed in sulfuric 

acid solution containing Sn(II) and Cu(II). In this 

study, we used sulfur dioxide and Rhodamine B to 

slow the oxidation of Sn(II) to Sn(IV) and ethanol 

to control the precipitation. � e present study 

also aimed to determine the composition of the 

colloidal particles formed.

Figure 1 shows the XRD patterns of the 

powders obtained from di� erent samples. � e 

peak positions in each sample agree well with 

the re� ections of bulk SnO2, but the width of the 

re� ections is considerable broadened, indicating 

low crystallinity, typical of the colloidal systems. 

However, it was not possible to conclude that RhB 

was incorporated in the synthesized materials, 

since no peaks associated with Rhodamine B were 

observed in the infrared spectra.

� e crystallite size of the samples was 

estimated with the Scherrer‘s equation:

D
B

=
0.89

cos
λ
θ

where λ is the X-ray wavelength of 1.541 Å, θ is the 

Bragg di� raction angle and B is the full width at 

half maximum (FWHM) of θ. Particle sizes vary 
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smoothly with addition of RhB until 0.5 mL, ranged 

from 5.6 to 7.3 nm. However, a large increase in Cu 

doping concentration, for addition of 1 mL of RhB 

solution results in an agglomeration of the small 

particles, increasing the crystallite size to 280 nm.

For all samples there is no di� erence among 

peaks attributed to colloidal SnO2, indicating that 

RhB does not a� ect the colloid crystallinity. For 

SnCu025R, SnCu05 and SnCu1R samples obtained 

with the addition of 0.25 mL, 0.50 mL and 1.0 mL 

of RhB solution, respectively, it is possible to 

identify peaks attributed to metallic copper. � e 

peaks become narrower and more intense when the 

amount of RhB solution increases. However, EDX 

analysis reveals that tin is the major element present 

in all samples. In terms of metallic elements, the 

average value of tin in all samples is 98.21 ± 0.55%. 

Furthermore, the EPR spectra (Figure 2) con� rm 

the presence of copper(II) ion in a predominantly 

octahedral environment. It can also be noted that 

no shi�  in the SnO2 peak positions or any copper 

oxides or ternary compounds is observed in the 

XRD patterns. � is leads to the conclusion that 

doping SnO2 with Cu2+ has occurred. In this case, 

some Sn4+ ions are replaced with Cu2+ based on the 

comparable radii of Sn4+ and Cu2+ (69 and 73 pm, 

respectively).

� e EPR spectra (Figure 2) were examined 
to identify the electronic changes in the copper 
centers. � e EPR spectra of those materials are 
typical of Cu2+ ions in axial symmetry since 
the Cu2+ ions in these compounds are located in 
octahedral sites surrounded by six oxide ions. 
� e Hamiltonian parameters obtained in the 
simulations of the EPR spectra suggest that the 
orbitals of the copper ion underwent a tetragonal 
distortion due to the elongation in the direction 
of the z axis. In addition, the values of the g║/ A║ 

ratio around, 180 × 10−4 cm-1, for the octahedral 
sites con� rm the surrounding of oxide ions and 
the tetragonal distortion for those sites3. In the 
simulation of the EPR spectra of the SnCu01R 
sample, two spectra were required, since copper 
can occupy octahedral and tetrahedral sites in 
copper-doped tin oxide. � e simulated spectrum 
of the SnCu01R is the result of the sum of both the 
octahedral and tetrahedral spectra. � e large EPR 
line around 310 mT (Figure 3) can represent copper 
tetrahedral sites also on the other studied samples, 
but the feature in the high � eld (350-390 mT) does 
not con� rm this hypothesis4.

In our synthesis procedure we used starting 
solutions containing Cu(II) saturated with SO2 
gas, and the resulting solutions immediately 
change color from blue to green. � is color change 
is indicative of the formation of Cu(II)-S(IV) 
complexes. � e reduction of Cu(II) by S(IV), in 

Figure 1. XRD spectra of the samples obtained 
without (SnCu) and with Rhodamine B: 0,1 
(SnCu01R); 0,25 (SnCu025R); 0,5 (SnCu05R); 1,0 
(SnCu1R) mL RhB solution.

260 280 300 320 340 360 380

Magnetic f ield/mT

A

B
C
D
E

F

Figure 2. EPR spectra of (A) SnCu, (B) SnCu1R; (C) 
SnCu05R, (D) SnCu01R; (E) SnCu025R; (F) SnCu2R, 
taken with powdered samples at liquid nitrogen 
temperature (77 K).
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terms of the predominant Cu(II) and S(IV) species, 

is thermodynamically unfavorable:

Cu2+ + e- → Cu+ Eo = 0.153 V (1)

HSO
3
- → H+ + SO

3
- + e- Eo = -0.84 V (2)

� e unfavorable ∆Go for this reaction indicates 

that other processes must be taken into account. At 

pH < 6.0, positively charged dimeric Cu(II)-S(IV) 

complexes are formed upon mixing solutions of 

Cu(II) and S(IV) as follows:

HSO
3
-  H+ + SO

3
2- (3)

Cu2+ + SO
3
2-  CuSO

3
 (4)

Cu2+ + CuSO
3
  [CuIISO

3
CuII] 2+ (5)

[CuIISO
3
CuII] 2+ + H

2
O  CuIISO

3
CuIIOH+ + H+ (6)

[CuIISO
3
CuII]2+ → [CuISVO

3
CuII]2+ (7)

� ese complexes react to form a mixture of Cu+, 

Cu2+, SO4
2- and SO3

2- in apparent equilibrium with 

Chevreul’s salt (CuI
2SO3.CuIISO3.2H2O). At the pH 

conditions in our experiments (~1), Chevreul’s 

salt does not precipitate, since the double sul� tes 

series forms only at pH 3. � us, based on this fact 

and the FTIR and XRD results, it is reasonable 

to suggest that the transient complex formed in 

equation 7 could combine with stannous ions by 

two pathways:

I. Without Rhodamine B

[CuISVO
3
CuII]2+ + Sn2+ + H

2
O → 2Cu2+ + Sn4+ + SO

4
2- + 2OH-

II. With Rhodamine B

At the same time, in the sulfuric acid media 
Rhodamine B can easily change, producing a 
species with a molecular environment similar to 
an α-hydroxy acid which could mediate the copper 
disproportional reaction:

[CuISVO
3
CuII]2+ + Sn2+ → Cu0 + Cu2+ + Sn4+ + SO

3
2-

� e reaction above may justify the appearance 
of metallic copper and Cu2+ in SnCu025R, SnCu05 
and SnCu1R samples prepared with RhB addition. 
Our � ndings also suggest that most of the Sn(IV) 
precipitates as SnO2 with low crystallinity. FTIR 
spectra suggest that Sn(OH)2(SO4)2

2- species 
formed by partial hydrolysis of stannic ions 
present in the outer part of the double layer of the 
sols must be present on the SnO2 surface.

Figure 3 shows the measured absorption 
spectrum for SnCu sample as a function of photon 
energy. It consists of a complex broad band with an 
abrupt increase in the light transmission at 2.4 eV 
(520 nm) and a band centered at 1.54 eV (800 nm), 
typical of Cu2+ in octahedral sites distorted by the 
Jahn–Teller e� ect. � e deconvoluted spectrum 
at higher energies exhibits three light absorption 
structures with maximum absorptions at 3.12 eV 
(397 nm), 3.49 eV (355 nm) and 4.09 eV (303 nm).

� e peak centered at 4.09 eV could be 
attributed to residual copper sulfate remaining 
from the synthesis procedure, since sulfated 
samples containing Cu2+ exhibit a broad band 
around 300 nm. In order to explain the second 
light absorption structure, we invoke the results 
obtained by Ferreira da Silva et al.5 in a previous 
study of the optical properties of SnO2, both 
theoretical and experimental. In that study, they 
used a transmission spectroscopy technique, 
the same apparatus used in the present work, 
for the measurements of the band gap energy. 
� e authors found an experimental band gap 
energy of 2.9  eV at room temperature and the 
corresponding theoretical value 3.4 eV at zero-
temperature. We achieve good agreement between 
this value and the hypothetical band gap energy 
of the second absorption structure centered at 
3.49 eV, determined by geometrical method to be 
3.12 +/- 0.09 eV. It could be attributed to un-doped 
amorphous SnO2 in a segregated phase. Finally, the 
band centered at 3.12 eV appears in the spectra of 
both samples prepared without and with RhB.

Figure 3. Transmission spectrum of the sample 
obtained without Rhodamine B. The inset shows the 
spectrum of a sample obtained with an addition of 
1.0 mL of Rhodamine B solution. Peaks: A = 397 nm 
(3.12 eV); B = 355 nm (3.49 eV); C = 303 nm 
(4.09 eV) and A’ = 392 nm (3.16 eV).
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� e addition of Rhodamine B dramatically 
in� uences the spectra pro� le. One can clearly see 
only two bands in the spectrum of SnCu1R, shown 
as the detail in Figure 3. � e complex band at higher 
energies is reduced to one narrow band centered 
at 3.16 eV, too close to the � rst band centered at 
3.12 eV, and thus resulting in the deconvolution of 
the SnCu spectrum. On the other hand, Cu2+ is still 
present in an octahedral environment, as attested 
by the band centered at 1.54 eV. No band associated 
with Rhodamine B was observed. � is evidence 
leads us to conclude that a new material series with 
interesting optical properties was obtained. � ese 
materials consist of Cu-doped amorphous SnO2 as 
predominant base material with Sn(OH)2(SO4)2

2-

species attached onto the surface.
In order to evaluate the in� uence of the added 

amount of Rhodamine B, several spectra were 
taken from di� erent samples prepared with varying 

amounts of Rhodamine B solution (Figure  4). A 
minor amount of RhB, such as 0.1 mL, is enough 
to yield a change in the spectrum pro� le when 
compared to a SnCu sample, but all those samples 
show quite similar spectra, except for the absorption 
band intensity centered at 800 nm. � e intensity of 
the absorption is strongly in� uenced by the amount 
of Rhodamine B, as can be seen in Figure 4.

Larger volumes of RhB solution increase the 
absorption intensity at 800 nm, suggesting more 
Cu2+ incorporation. As a consequence, a slight 
change in the energy at the in� exion point for 
starting absorption can be observed (Figure 5). 
For example, an addition of 2 mL of Rhodamine 
B solution increases the band gap energy by 0.2 eV.

� e versatility of these materials is in the 
possibility of changing the band gap energy, 
which is useful in many optoelectronic device 
applications.

Figure 4. Transmission spectra of the samples 
obtained with Rhodamine B.

Figure 5. Band gap energies of the samples as a 
function of volume added of Rhodamine B solution.
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Because homogeneous catalysis in alkaline 
medium is fast, simple and e�  cient, it still prevails 
as the best technological route for biodiesel 
manufacture1-3. However, acid catalysis does have 
several important advantages: it is not a� ected 
by the presence of free fatty acids from the raw 
material, it does not produce soap, and it catalyzes 
esteri� cation and transesteri� cation reactions 
simultaneously. � erefore, acid catalysis should 
allow for straightforward biodiesel production from 
raw materials (oils and fat) with high acid numbers. 

Heterogeneous catalysis has attracted a lot of 
interest from both the scienti� c and industrial 
areas. Various examples of esteri� cation and 
transesteri� cation reactions employing polymeric 
catalysts have been described in the literature4,5. 
Functionalized reticulated polymers are generally 
used, mainly those containing sulfonated macro-
reticular and gelular polystyrene-divinylbenzene 
resins (PS-DVB-SO3H)6,7.

Compared with homogeneous catalysts, the 
heterogeneous counterparts o� er well-known 
advantages such as easy product separation, facile 
catalyst recovery and reuse, and possibility of 
obtaining highly pure products. Furthermore, 

heterogeneous catalysts are noncorrosive, thus 
dismissing the need for product washing, which 
leads to fewer residues. However, reagent and 
product di� usion to and from the resin is crucial 
for catalysis e�  ciency6,7.

In this work, ion-exchange resins containing 
covalently bound sulfonic groups (SPS) have been 
developed and evaluated as acid heterogeneous 
catalysts for the simultaneous esteri� cation and 
transesteri� cation of vegetable oils and animal fat 
(Figure 1). � e performance of these novel catalysts 
in the alcoholysis of beef tallow and re� ned 
soybean oil was investigated. For comparison 
purposes, the same reaction conditions were also 
used with the commercially available Amberlyst 
15, a PS-DVB-SO3H macroreticulated resin. 

Introduction of sulfonic groups into the PS 
polymer increases the solid’s hydrophilicity. In 
fact, large catalyst swelling is observed in polar 
medium, with no solubilization or morphological 
alterations to the SPS. � is behavior is due to the 
formation of sulfone in the SPS cross-linkages. 
Many literature works8,9 report that depending 
on the sulfonation reaction conditions cross-
link formation occurs via an intermolecular 

Figure 1. Images of ion-exchange resins containing covalently bound sulfonic groups, generated with (a) no 
magnifi cation and with (b) optical microscopy (100x).
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mechanism involving reaction between sulfonic 
groups belonging to di� erent SPS chains. 

Our results revealed an increase in the 
sulfonation degree of polystyrene (PS) with 
increasing fuming sulfuric acid/PS ratio. In the 
same way, high sulfonation degrees are obtained 
at longer reaction times. Indeed, allowing the 
reaction to proceed for 18 hours did not promote 
any signi� cant increase (approximately 10%) 
in the amount of –SO3H groups present in 
SPS#218 compared with the sulfonation degree of 
compound SPS#23, obtained at 3 hours of reaction. 

� e thermal stability of the products 
containing a larger amount of sulfonic groups, 
which are thus considered more potential catalysts, 
was evaluated by thermogravimetric analysis 
(TGA). Figure 2 depicts the curves obtained for the 
linear PS sample as well as its sulfonation products 
SPS#23 and SPS#218. � e curve corresponding to 
the macroreticulated resin Amberlyst 15 is also 
presented for comparison.

� e TGA curve corresponding to PS (Figure 2) 
reveals there is no mass loss below 130 °C, while 
there is a relatively small mass loss between 
130 and 300 °C (less than 3%). Random cleavages 
of the polymer chain take place at temperatures 
below 300ºC, but no volatile products are formed, 
leading to chains of low molar mass that are stable 
in this temperature range10. PS undergoes one-
stage degradation; it is stable up to approximately 
300 °C, but fast decomposition takes place 
therea� er. � e onset of maximum degradation 
rate is around 390ºC, when 65% of the polymer 
has been degraded. No residues are observed above 
440 °C11,12.

� e TGA curves of the SPS catalysts show that 
higher sulfonation degrees confer higher thermal 
stability to polystyrene. � e catalysts SPS#23 and 

SPS#218 have the same mass loss pro� le, involving 
three distinct temperature ranges (Figure 2). 
Because these catalysts are very hygroscopic, the 
� rst mass loss, between 50 and 130 °C, is probably 
due to dehydration. � is loss corresponds to 11% 
and 2.5% of the initial masses of SPS#23 and 
SPS#218, respectively11,12.

� e second mass loss observed for the sulfonated 
materials SPS#23 and SPS#218 occurs between 
200 and 400 °C, which is attributed to thermal 
desulfonation of the polymeric matrix with loss of 
SO2. More speci� cally, this second event takes place 
between 260 and 410 °C and corresponds to 43% 
and 39% of the initial mass of SPS#23 and SPS#218, 
respectively. � e maximum degradation rate for 
this thermal decomposition stage is observed at 275 
and 295 °C for SPS#23 and SPS#218, respectively. 
Slow decomposition followed by a third mass 
loss is detected between 530 and 630 °C. Mass 
losses of 36% and 47% are obtained for SPS#23 
and SPS#218, respectively, assigned to polymeric 
matrix degradation. In this stage, the maximum 
decomposition rate is seen around 580ºC, and no 
residues are observed above 640 °C11,12.

Figure 2 also shows the TGA curve of the 
resin Amberlyst 15, with four distinct mass loss 
events. � e loss between 50 and 200 °C is mainly 
due to water loss, corresponding to 4% of the total 
mass. � e second stage, between 200 and 300 °C, 
is assigned to desulfonation of the reticulated 
resin, which starts above 200 °C and is maximal at 
300 °C. � e onset of cross-link cleavage occurs in 
parallel with SO2 loss from desulfonation, between 
320 and 400 °C. � e fourth mass loss stage takes 
place above 400 °C, with maximum loss at 580 °C. 
� is is ascribed to total support degradation, 
with loss of various aromatic compounds such as 
styrene, methyl-styrene, and benzene11,12.

Because alcoholysis happen at temperatures well 
below the one where SPS degradation takes place 
(240 °C), the thermal behavior of the investigated 
catalysts indicate that they can be applied in these 
transesteri� cation processes. In other words, there 
is no risk of polymeric matrix degradation and/
or loss of catalytic activity throughout alcoholysis. 
Furthermore, the SPS obtained here have thermal 
behavior comparable to that of reticulated resins, 
demonstrating their large potential for catalysis.

� e preliminary studies carried out with the 
SPS in amounts lower than 20 mol% did not give Figure 2. TGA curves of PS and polymeric catalysts.



34  ANNUAL ACTIVITY REPORT 2009 — INCT-E&A

any signi� cant conversion into soybean oil methyl 
esters, even when reactions were performed for 
over 18 hours. 

To improve product yield and understand the 
behavior of these novel SPS catalysts in soybean oil 
transesteri� cation, we carried out a preliminary 
study by keeping the catalyst amount at a � xed 
value of 20 mol% and varying the reaction time, 
temperature, and methanol/oil molar ratio. In this 
way, soybean oil methyl esters were achieved by 
transesteri� cation using SPS catalysts. � ere was 
no phase separation between the methyl esters and 
the glycerin phases in any of the experiments. 

Characterization of the methyl esters and 
product purity evaluation were carried out by 
1H NMR. � e typical double-double doublet of 
triacylglycerides was absent in the spectrum of the 
methyl esters, and a singlet in δ = 3.65 ppm due to 
methoxyl groups was detected. 

When the transesteri� cation reaction was 
carried out near room temperature (30 °C), 
conversions were very low, independently of the 
methanol/oil molar ratio. As for the reaction 
performed at 60 °C, excess alcohol was the most 
important variable. � e maximum product yield 
(40%) obtained for lower methanol/oil molar 
ratios was achieved at 18 hours, whereas this same 
yield was reached within 6 hours at an alcohol/oil 
molar ratio of 100:1. Using the latter ratio yields as 
high as 85% were obtained at 18 hours. When the 
reaction was accomplished under intense boiling 
(Figure 3), the system was supplied with an amount 
of energy that seemed to dismiss the need for 
excess alcohol. � is was evident from the fact that 
the curve pro� le obtained for catalyst performance 
at a methanol/oil molar ratio of 9:1 was similar to 
that of the reaction carried out with a methanol/oil 
molar ratio of 100:1, leading to yields higher than 
70% at 18 hours. � e best results were obtained 
with the ratio 100:1, which led to yields higher 
than 90% at 18 hours of reaction (Figure 3).

Results from the conversion of soybean oil into its 
respective methyl esters demonstrated that product 
yield is strongly in� uenced by reaction time and 
temperature. In other words, higher temperatures 
and longer reaction times favor ester formation, a 
typical behavior of homogeneous catalysts13.

Although no linear relationship was clearly 
observed, higher alcohol/oil molar ratios also 
resulted in better product yields, independent of the 

reaction time. � is is related to the high sulfonation 
degree of the employed catalysts, because the sulfonic 
groups strongly interact with the alcohol and reduce 
the e� ective alcohol/oil molar ratio13. � is limits the 
catalytic activity of SPS to the sulfonic groups present 
on its surface. � erefore, at higher alcohol/oil molar 
ratios the amount of alcohol is su�  cient to promote 
catalyst swelling, enabling substrate access to the 
catalytic site and furnishing better product yields. 

� e data reveal that increased product 
yields are obtained in shorter reaction times if 
excess methanol is employed. Nevertheless, this 
condition does not pose any economic di�  culties 
to the process because excess alcohol can be reused 
within the system. 

On the basis of SPS performance in methanol 
and knowing that ester formation depends on 
temperature and alcohol/oil molar ratio, we 
decided to substitute methanol for ethanol and 
maintain the conditions in which the catalyst led to 
better conversion. We also evaluated SPS behavior 
in alcohol with di� erent water percentages, once 
this variable in� uences product yield negatively1-3. 

Our results have shown that high ethyl 
ester yields are little in� uenced by the ethanol 
water percent. Anhydrous ethanol and absolute 
ethanol lead to the same oil conversion. � e use of 
methanol as a transesteri� cation agent for soybean 
oil results in methyl ester yields comparable to 
those of ethyl esters. 

It is known that acidity impairs the use of 
base catalysis in homogeneous medium because 
of preferential soap formation1-3. For this 
reason, the performance of the SPS catalysts in 
the conversion of raw materials with high acidity 
levels and low added value was also investigated. 

Figure 3. Soybean oil transesterifi cation at 90 ºC 
under different methanol/oil molar ratios.
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Beef tallow samples with acidity levels of 53 mg 
KOH/g were also assayed and the SPS catalyst was 
very e�  cient for (trans)esteri� cation, being the 
yields comparable to those obtained with re� ned 
soybean oil in the same conditions. 

No phase separation was observed between 
the ethyl ester and glycerin phases a� er SPS and 
ethanol removal, in all the experiments. Once the 
1H NMR analysis showed high conversion as well 
as the absence of glycerin in the ethyl esters, these 
results suggest that the developed catalyst plays 
two roles: besides catalyzing transesteri� cation, it 
promotes ester puri� cation, dismissing the need 
for product washing with water. 

No ethyl ester formation occurred when the 
commercially available resin Amberlyst 15 was 
employed in the same experimental conditions. 
When methanol was used for transesteri� cation, 
the resin led to 13% conversion only. � ese facts 
demonstrate that the good results obtained with the 
SPS catalysts cannot be achieved with commercially 
available compounds that are already well-
established acid catalysts for chemical and industrial 
processes. � ese results thus reinforce the enormous 
potential of the acid catalysts developed in this work. 

� e catalyst developed in this work has a 
number of advantages over commercial ion 

exchange resins: it has a higher degree of active 
sites it remains insoluble in the reaction medium 
employed in the production of soybean methylic 
biodiesel, and it is more e�  cient than other 
heterogeneous acid catalysts reported in the 
literature, under our experimental conditions. 
Despite being apparently high compared with 
the excess alcohol employed in homogeneous 
base catalysis, the alcohol/oil molar ratio of 100:1 
employed here is much lower than those reported 
in the literature for commercially available 
heterogeneous acid catalysts.

Our heterogeneous catalyst was also very 
e�  cient for the transesteri� cation of re� ned 
soybean oil and beef tallow with ethanol, leading 
to high conversion even when the raw material has 
high acidity levels. Ethanolysis carried out at an 
ethanol/oil molar ratio of 100:1 leads to 85% and 
75% ethyl esters in the case of soybean oil and beef 
tallow, respectively. � e SPS catalysts were little 
in� uenced by the ethanol water percent.

In conclusion, sulfonated polymeric 
compounds obtained from linear polystyrene were 
shown to be e�  cient catalysts for the alcoholysis 
of re� ned vegetable oils, as well as lipid sources 
containing high acid numbers such as beef tallow 
and used cooking oil.
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� e development of alternative fuels from 
renewable resources, like biomass, has received 
considerable attention in all countries, mainly in 
Brazil due to its high biodiversity. Biodiesel can be 
de� ned as fatty acid alkyl esters from vegetable oils 
or animal fats, for using as fuel in diesel engines 
and heating systems1. In this context, the use of 
beef tallow for biodiesel production in the South 
of Brazil (Rio Grande do Sul) has gained special 
interest, since it allows the use of rejected materials 
from cattle slaughterhouses. Methyl esters are 
the product of transesteri� cation of fat and oils 
with methanol using an alkaline catalyst (KOH). 
In addition, the process yields glycerol, which 
has large applications in the pharmaceutical, 
food and plastics industries1-5. � e process of 
transesteri� cation is a� ected by the mode of 
reaction condition, alcohol/oil molar ratio, kind 
of alcohol, type and amount of catalysts, reaction 
time, temperature and purity of reactants5-10.

Diesel fuel plays an important role in the 
Brazilian economy and its development, since the 
majority of freight is based on the use of trucks. 
� e diesel demand is continually increasing, 
requiring an alternative fuel that will be technically 
viable, economically competitive and ecologically 
correct1,5. Biodiesel is an attractive alternative of 
diesel fuel because it is produced from renewable 
resources and involves lower emissions than 
petroleum diesel1,3.

According the Brazilian Legislation, biodiesel 
is a biofuel derived from renewable biomass for use 
in cycle diesel motors or, under speci� c regulation, 
in the generation of another type of energy that can 
substitute partially or totally fossil fuel. biodiesel is 

registered in EPA (USA Environmental Protection 
Agency) as fuel or as addictive for fossil fuel. It 
can be used pure (100% - B100), in mixture with 
petroleum diesel (BX, with X > 5%), or in the range 
of 1 to 5%, as addictive2.

� e use of biodiesel can promote a reasonable 
reduction in the main pollutant emissions like 
particulate material, total hydrocarbons and 
carbon monoxide, but it can increase nitrogen 
oxides (NOx)5,6,11-15.

Besides these advantages, if the raw material 
of biodiesel was a reject of any other industrial or 
agricultural activity, an important environmental 
aspect is added. Beef tallow is one residual material 
from slaughterhouses which main destination 
is the soap industry, but when this market is 
overloaded, the fats are usually incinerated or 
disposed in a sanitary land� ll. In both cases there 
is a pollutant impact. � us the integrated use of 
industrial residues generated in slaughterhouses 
can avoid such problems, allowing new alternative 
job and minimizing the environmental impact of 
the accumulation of these residues4.

� e objective of the present work is the 
optimization of the semi-industrial transesteri� -
cation process of animal fats with methanol in the 
presence of KOH as catalyst. � e produced biodiesel 
was evaluated according to the Brazilian o�  cial 
speci� cation tests and it showed high quality.

� e beef tallow used in the biodiesel pro-
duction was acquired in some slaughterhouses 
in the area of Pelotas city, state of Rio Grande do 
Sul, Brazil. Its main characteristics were: iodine 
value in the range of 41.1 to 41.9 (g I2/100 g) 
and the acid number, from 1.2 to 1.8 mg KOH/g. 



SCIENCE HIGHLIGHTS  37

� e methanol and the potassium hydroxide, 
used in the transesteri� cation process, were 
of commercial grade and acquired in the local 
market. � e biodiesel used was produced by 
alkaline transesteri� cation in a Biodiesel Pilot 
Plant located in the South of Brazil (installed in 
Federal University of Pelotas – UFPel).

Biodiesel was produced in a pilot plant 
(Figure  1) with the capacity of approximately 
800 kg/day. � e main reactor operated at ambient 
pressure and at � xed temperature which was 
maintained by electrical resistances. For the 
transesteri� cation reaction about 800 kg of beef 
tallow (previously melted) were transferred to the 
main reactor, heated at 65 °C while 1.5% of KOH 
(wt/wt) related to the fat weight, was dissolved in 
methanol with a molar ratio of 6:1 (methanol to fat 
or oil) in an auxiliary reactor, and the mixture was 
added to the main reactor.

� e reactants were stirred for 180 min at 400 
rpm and then the stirrer was turned o�  and the 
reaction mixture was le�  in rest for 240 minutes 
to promoting the decantation by gravity of 
glycerol and methyl esters. A� er this time, the 
glycerol phase was discharged and methyl ester 
phase was washed with 180 L of hot acidi� ed 
water (500 mL of commercial phosphoric acid) by 
stirring during 60 minutes to removing residual 
catalyst, glycerol, methanol and soaps. A� er the 

separation of water phase, biodiesel is heated to 
90 °C for 30 min to eliminate water and methanol 
residual, � ltered (limit of 4 µm) and sent to 
storage tank.

Table 1 presents qualitative and quantitative 
composition of the fatty acids methyl esters 
of beef tallow and of the produced biodiesel. 
Table 2 shows the mass balance of the process 
of transesteri� cation of beef tallow and some of 
the main properties of the produced biodiesel. 
� is Table summarizes the results of 5 (� ve) 
experiments and, in the last column, it is showing 
the average values, only for illustrative purposes.

For the other analyses it was chosen the biodiesel 
produced in the experiment 2 (according Table 2) 
and the results are presented in Table 3. � is Table 
also shows the properties of a blend B2 (2 % of 
biodiesel in diesel) and of a diesel used as reference.

From the data presented previously it is possible 
to conclude that the alkaline transesteri� cation of 
beef tallow with methanol produces a biodiesel 
with high quality and also with a good conversion 
ratio. � e process is possible but the economical 
viability must be improved by recovering methanol 
and glycerol.

Moreover, in a previous work16 it was shown 
that other blends biodiesel/diesel, with higher levels 
of beef tallow biodiesel (B5, B10, B20 and B30) 
have similar or better fuel properties than diesel, 

Figure 1. Flow sheet of the transesterifi cation process.
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Table 1. Qualitative and quantitative composition of the fatty acids methyl esters in beef tallow and in the produced 
biodiesel.

designation acid name % composition mw acid mw ester

C14:0 Miristic 2.72 228 242

C15:0 Pentadecanoic 0.86 242 256

C16:1 Palmitoleic 2.02 254 268

C16:0 Palmitic 25.33 256 270

C17:0 Heptadecanoic 1.67 270 284

C18:2 Linoleic 0.75 280 294

C18:1 (cis) Oleic 29.87 282 296

C18:1 (trans) Elaidic 1.82 282 296

C18:0 Stearic 34.70 284 298

C20:0 Arachidic 0.28 312 326

mass ratio of saturated and unsaturated 1.90

average molecular weight (amw) 273,5(a) 858.5(b) 287.6(c)

(a) amw of acids in the beef tallow = ∑ (% composition x mwacid)

(b) amw of beef tallow (g/mol) = 3 (amwacid) + mwglycerol – 3 (mwwater)
(c) amw of biodiesel (g/mol) = ∑ (% composition x mwester)

Table 2. Mass balance of the process of transesterifi cation of beef tallow and main properties of the produced 
biodiesel.

Experiments

1 2 3 4 5 average

amount of 
reagents and 
products (kg)

beef tallow (mw = 858.5 g/mol) 743 551 565 679 696 647
methanol (mw = 32 g/mol) 141 139 131 171 176 152

biodiesel (mw = 287.6 g/mol) 685 570 568 650 720 639

glycerol (mw = 92 g/mol) 136 98 92 115 110 110
number of mols 
of reagents and 
products

beef tallow 865 642 658 791 811 753
methanol 4406 4344 4094 5344 5500 4738
biodiesel 2382 1982 1975 2260 2503 2220

glycerol 1478 1065 1000 1250 1196 1198
molar excess of methanol (*) 2595 1925 1974 2372 2431 2259

biodiesel 
properties

mass conversion (%) 92.2 103 100.5 95.7 103 99.04
molar conversion (%) 91.8 103 100.1 95.3 103 98.64
IA (mg KOH/g) 0.8 0.3 0.8 0.6 0.7 0.64
Esters (%) 97 97 95 96 97 96.4
MeOH (%) 0.3 0.1 0.2 0.1 0.1 0.16
II (g I2/100 g) 41.8 41.5 41.2 41.7 41.8 41.6

indicating that this is a good way to improve certain 
properties of diesel without loss of e�  ciency or 
increase in consumption. � is project is a � rst step 
for the construction of a big plant (120,000 kg/day) 
of production of biodiesel from beef tallow in Rio 
Grande do Sul, south of Brazil. � is plant will use 
alkaline catalyst and also will work with other 

kinds of oils, mainly from animal origin. For this 
purpose, these results demonstrated that this 
objective can be achieved with little modi� cations, 
mainly with the addition of two steps: (1) a recovery 
of methanol from glycerin and from biodiesel and 
(2) an improvement in the separation of biodiesel by 
using a centrifuge.
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Table 3. Some fuel properties of beef tallow biodiesel, compared with diesel

Properties Limits* (D e B2) B100(#) B2(##) Diesel

Density (20ºC kg L-1) 0.820 a 0.865 0.872 0.844 0.844

Flash point (min.,ºC) min. 38.0 156.7 43.0 40.7

Kinematic viscosity (40ºC, mm2 s-1) 2.0 a 5.0 5.3 2.7 2.7

CFPP (max. ºC) appoint 14.3 -11.7 -15.3

Distillation range (ºC)

Initial temperature (°C) – 307.1 135.7 137.6

10 % 325.7 176.0 172.1

50% – 331.0 270.7 267.0

90% 360 max 343.0 363.1 372.1

Final temperature (°C) – 344.4 400.9 400.1

Cetane index – 60.35 47.15 46.52

Na (mg kg-1) 10 max 1.63 – –

K (mg kg-1) 10 max < 0.50 – –

Esters appoint 97 – –

Methanol 0.5% max 0.1 – –

Soaps** (ppm) appoint 76.06 – –

(*) Brazilian specifi cation to Diesel (D) and B2 (blend with 2 % of biodiesel in diesel)
(**) AOCS method Cc 17-79, soap in oil
(#) pure beef tallow biodiesel (100 %)
(##) blend of beef tallow biodiesel and petrochemical diesel (2 %)
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Since soil contamination by anthropogenic 
sources has increased signi� cantly in many 
parts of the world, it has become an important 
environmental issue in industrialized countries. 
Heavy metals might in� uence the soil quality, 
the agricultural production and the groundwater 
quality, a� ecting human health through the water 
supply and foods1. � e content of metallic elements 
in foods depends on their concentration in the 
soil, their availability, and their capacity to be 
incorporated by the plants. 

Cadmium is extremely toxic even at low 
concentration; it was classi� ed as carcinogenic of 
group 1 by the International Agency for Research 
on Cancer (IARC)2, and set in the 7th position in the 
list of the substances most aggressive to health and 
to the environment by the Program for Answers 
Reparations and Environmental Responsibilities 
(Cercla) of the ATSDR-EPA3. Concern has 
therefore been expressed in several recent 
publications about pollution in environmental 
and health areas, because humans and animals are 
constantly exposed to such risks through air, soil, 
water and food4.

Iron, in contrast, is an essential element, 
and in developing countries, iron de� ciency 

(anemia) a� ects predominantly the low-income 
group of the population, and it has in general a 
great impact on the quality of life in so-called 
� ird World Countries. � e increased risk for 
various infectious diseases is directly related to 
the reduction of immune resistance generated by 
anemia5. Legumes, such as beans, constitute the 
main source of proteins and are a good source of 
mineral elements, such as iron, for large groups of 
population in Latin America and Africa. However, 
soil contamination a� ects the iron absorption and 
could cause damage to public health6.

Recently a method for the simultaneous 
determination of cadmium and iron in grain 
products has been developed by our group7 using 
high-resolution continuum source graphite furnace 
atomic absorption spectrometry (HR-CS GF AAS)8 
and direct solid sampling (SS) analysis. � e latter 
technique is particularly suited for fast screening 
analyses, as essentially no sample preparation is 
necessary, avoiding in addition all potential sources 
of error associated with this stage of an analysis. 
Direct SS analysis also provides the highest possible 
sensitivity, as no dilution at all is involved in this 
technique. In addition, HR-CS GF AAS has been 
shown to be an extremely robust technique that 
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makes possible direct SS analysis of complex 
samples using aqueous standards for calibration9.

All experiments have been carried out using 
a high-resolution continuum source atomic 
absorption spectrometer, which consists of a 
high-intensity xenon short-arc lamp operating 
in a hot-spot mode, a high-resolution double 
monochromator and a CCD array detector8 � e 
primary resonance line for Cd at 228.802 nm, and 
the adjacent secondary line for Fe at 228.726 nm 
have been used for the simultaneous determination 
of the two elements. 

One of the requirements for that approach is 
that a compromised graphite furnace temperature 
program can be established that makes possible 
the simultaneous determination of the analytes of 
interest without too many sacri� ces in sensitivity 
and overall performance. � is condition could be 
ful� lled in the simultaneous determination of Cd 
and Fe in grain products using W-Ir as permanent 
chemical modi� er and a two-step atomization7. 
Another requirement is that the sensitivity ratio 
between the elements to be determined at the 
available analytical lines corresponds roughly 
to the concentration ratio of the analytes in the 
samples to be analyzed. � is condition was also 
ful� lled in the analysis of grain products7, as 

the iron line 228.726 nm is about two orders of 
magnitude less sensitive than the primary line 
248.327 nm, and about three orders of magnitude 
less sensitive than cadmium at the 228.802 nm line. 
� is situation is shown in Figure 1 for the CRM 
Brown Bread, and it has been anticipated that the 
same could apply for the bean samples. However, it 
could also be expected that the developed method 
could not be transferred directly to soil samples, 
which are usually rich in iron, particularly in 
many regions of Brazil.

� e proposed method has been used for the 
simultaneous determination of cadmium and iron 
in bean and soil samples from di� erent regions 
of Brazil. Fourteen bean samples and nine soil 
samples, collected in nine states of Brazil, were 
investigated in this study. Most of the samples 
were collected at experimental farms of Embrapa 
or similar institutions. � e soil samples were 
always taken close to the area where the beans 
were grown. � e results of the investigation, using 
aqueous standards for calibration, are shown in 
Table 1. 

� e concentration of cadmium in most of the 
bean samples, except for two, was below 2 μg kg-

1, a value that is well below the limits established 
by the Codex Alimentarius (0.2 mg kg-1) and the 

Figure 1. Time- and wavelength-resolved absorbance spectrum for the BCR CRM 191 (Brown Bread) in the vicinity 
of the cadmium resonance line at 228.802 nm; pyrolysis temperature: 700 °C; atomization temperature: 1700 °C 
for Cd and 2600 °C for Fe; W-Ir mixed permanent modifi er. 
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Brazilian National Health Surveillance Agency–
ANVISA (1.0 mg kg-1)10. It is interesting to note 
that the only cadmium concentrations above the 
LOQ have been found in beans that were grown 
on a soil the cadmium content of which was about 
an order of magnitude above the average of all 
the other soils. � is suggests a direct correlation 
between the cadmium content in soil and in 
beans, although the number of samples analyzed 
here is clearly too small to allow any statistical 
comparison. � e values obtained for cadmium in 
soil samples were between < 14 and 315 μg kg-1

, with 
an average around 31 μg kg-1, not considering the 
soil from Amazonas. � ese values are well below 
the limits established (3.0 mg kg-1) for agricultural 
soils in Europe.

� e content of iron in beans ranged from 57 
mg kg-1 to 159 mg kg-1. According to Embrapa the 
amount of iron in beans should be approximately 
76 mg kg-1, which corresponds to 29% of women’s 
daily needs and 55% of men’s needs11. Hence, 
we can say that the beans produced in Brazil do 
have a su�  ciently high iron content, which is in 
contrast to many grain products, which do not 

provide a su�  cient iron supply7. � e iron content 
in the investigated soils ranged from < 0.5 g kg-1 to 
133 g kg-1. � e high concentration of iron, in the 
soil samples, has been according to expectation 
because of the reddish color of most of the samples, 
characteristic of the iron oxide. � ere has been no 
correlation between the iron content in the soil 
that varied by more than two orders of magnitude, 
and that in the beans grown on that soil, which 
varied by less than a factor of three. � is means 
that the iron uptake by the plants is regulated by a 
mechanism that is independent of the iron content 
in the soil and that also assures a su�  cient iron 
content in the beans in case the soil is low in iron.

Although only two bean samples had 
detectable cadmium content, the conclusion 
appears to be justi� ed that there is a correlation 
between the cadmium content in the beans 
and in the soil. On the other hand there was no 
correlation at all between the iron content in the 
soil and in the beans. It has also not been possible 
to establish a link between the cadmium and the 
iron concentration in the soil, as has been proposed 
in the literature.

Table 1. Results obtained for the determination of cadmium and iron in bean and soil samples using SS-HR-CS GF 
AAS and aqueous standards for calibration.

State
Beans Soil

Type Cd / µg kg-1 Fe / mg kg-1 Cd / µg kg-1 Fe / g kg-1

Amazonas brown 10 ± 1 57 ± 10 315 ± 54 67 ± 22
black 24 ± 6 80 ± 6

Pará brown < 2 57 ± 6 < 14 4.7 ± 1.6
Ceará brown < 2 61 ± 6 30 ± 6 78 ± 16
Goiás white < 2 99 ± 16 57 ± 8 >200
Mato Grosso do Sul brown < 2 127 ± 28 24 ± 1 47 ± 10

Minas Gerais brown < 2 104 ± 13 < 14 133 ± 63

brown < 2 117 ± 19

Paraná black < 2 103 ± 12 28 ± 1 87 ± 36

Santa Catarina black < 2 111 ± 21 62 ± 4 11 ± 2

brown < 2 69 ± 13 14 ± 5 < 0.5

Rio Grande do Sul black < 2 161 ± 21 40 ± 6 118 ± 44

brown < 2 159 ± 16
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� e quanti� cation of metal species in various 
matrices has been performed by di� erent techniques, 
including spectrophotometry, atomic absorption 
spectrometry (AAS), and inductively coupled 
plasma optical emission spectrometry (ICP 
OES), among others. However, these techniques 
do not have adequate sensitivity and selectivity 
for some analysis. � us, procedures of separation 
or preconcentration may be required before the 
spectrometric determination of trace elements1,2.

Dispersive liquid-liquid microextraction 
(DLLME) is a preconcentration technique that 
employs a ternary system of solvents. � is technique 
was reported for the � rst time in a procedure for 
the determination of organophosphorus pesticides 
in water3. However DLLME has also been used 
for extraction and preconcentration of inorganic 
compounds, o� ering advantages such as ease of 
operation, use of small quantities of sample and 
organic solvents, speed of analysis, low cost and 
high recoveries and enrichment factors4,5. 

In DLLME, a mixture containing appropriate 
amounts of extraction solvent and disperser solvent 
is injected rapidly into an aqueous sample with the 
aid of a syringe. � en, a cloudy solution is formed 
and the analyte is extracted into the interior of 
droplets of extraction solvent. A� er extraction, the 
phase separation is accomplished by centrifugation, 
and the analyte is determined in the sedimented 
phase. For the determination of metal trace elements, 
a complexing reagent should be dissolved in the 
mixture6.

In this work, a procedure for preconcentration of 
cobalt using dispersive liquid-liquid microe xtraction 
with the reagent Br-TAO as complexing reagent 

was developed. A� er optimization of experimental 
variables and determination of analytical features, 
the procedure was applied to the determination of 
cobalt in water samples.

A solution containing cobalt was adjusted to pH 
with an appropriate bu� er solution. Five milliliters 
of the cobalt solution were added to a test tube. 
� en, a solution containing 50.0 µL of carbon 
tetrachloride, 2.0 mL of methanol, and 50.0 µL of 
a Br-TAO solution was prepared. � e methanolic 
solution was immediately injected in the solution of 
the metal using a 5.0 mL glass syringe. � e resulting 
cloudy solution was centrifuged for 2.0 minutes at 
5000 rpm. A� er centrifugation, a reddish residue 
was sedimented at the bottom of the tube. � is 
residue was injected into the � ame atomic absorption 
spectrometer (FAAS) using the system described in 
the following item.

Many procedures using DLLME for preconcen-
tration of metals employ electrothermal atomic 
absorption spectrometry (ETAAS) as a technique of 
detection. In this case, the introduction of rich phase 
is simple, because the detection equipment requires a 
small and de� ned sample volume. When FAAS is used, 
special attention should be taken in the introduction 
of the rich phase, because the sample volume required 
for the direct reading in equipment is usually greater 
than that obtained when microextraction procedure 
is employed. In this work, a simple injection device 
was used in FAAS. � e schematic representation of 
the strategy used for sample introduction is shown 
in Figure 1. � e system consists of a six-port valve, 
a peristaltic pump, a plastic syringe and capillary 
tubes of Te� on. � e rich phase is aspirated using a 
plastic syringe until the liquid � ll the entire volume 
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of the sample loop. � en, the position of the valve is 
changed and a stream of water carries the enriched 
phase into the FAAS and a transient signal is obtained. 
� e volume of sample loop was set at 20 μL.

� e analytical characteristics of the proposed 
procedure were calculated under the optimized 
conditions. � ese characteristics were calculated 
using the values of the signals for analytical curve. 
� e detection limit, calculated as 3sb/b, where sb is 
the standard deviation of the blank and b is slope of 
the linear section of calibration graph, was 0.9 µg L-1. 
� e limit of quanti� cation (10sb/b) was 3.0 µg L-1. � e 
system shows linearity between 3.0 and 100.0 µg L-1. 
� e calibration curve over this interval was determined 
to be A = 3.90 × 10-3 + 1.39 × 10-4 C, where A is the 
analytical signal, measured as absorbance, and C is 
the concentration of cobalt in the solution (µg L-1).

� e proposed method was applied to the 
determination of cobalt in real samples of water and 
certi� ed reference material NIST 1570a, Spinach 
leaves. In order to determine the accuracy of the 
method, the reference material was digested and the 
liquid sample was submitted to preconcentration 
procedure. � e content of cobalt obtained by the 
proposed procedure was 0.43 ± 0.07 µg g-1, which 
agrees with the certi� ed value 0.39 ± 0.05 µg g-1. Cobalt 
was determined a� er application of the proposed 
procedure to samples of drinking water, river water 
and well water, collected in the city of Jequié, Bahia. 
� e results for three individual determinations are 
shown in Table 3. Known amounts of metal were 
also added for the calculation of recovery for each 
sample. � e values of recoveries ranged from 94 to 
104%, demonstrating the applicability of the method.

In the proposed procedure, the reagent Br-
TAO was successfully used as complexing for 
preconcentration of cobalt using dispersive liquid-
liquid a microextraction. � e method is simple, 
easy to use and economic. � e low cost is related 
mainly to small amounts of solvents required. 
� e small amounts of carbon tetrachloride and 
methanol also minimizes the toxicity of the method. 
Another interesting feature of the method is speed. 
A� er injection of the mixture Br-TAO/methanol/ 
carbon tetrachloride, the solution was immediately 
cloudy. � e rich phase is injected into the FAAS 
a� er rapid centrifugation. � ere is a need for low 
volume of sample, particularly desirable property 
when there is limitation in the sample amount. � e 
advantages cited and the analytical characteristics 
obtained make the method a good alternative to the 
determination of cobalt in routine analysis.

Figure 1. System for injection of rich phase in fl ame 
atomic absorption spectrometer (FAAS). V, six-port 
rotary valve; L, sample loop.
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Nowadays, chemists are faced with environmental 
concerns that demand new procedures and/or 
procedure improvements where atom economy, 
minimal waste production, and energy/cost-e� ective 
preparations should be prime considerations1-3. In 
this scenario, multicomponent reactions represent 
an advanced approach to achieve e�  cient target and 
diversity-oriented synthesis4-7.

� iosemicarbazones and their metal complexes 
derivatives are an essential structural unit with 
a wide range of biological and pharmacological 
properties, and are versatile building blocks in 
the synthesis of densely substituted heterocycles.3 

However, the available synthetic methodologies for 
this class of compound are stop-and-go approaches 
involving isolation and puri� cation of each prepared 
intermediate, which are time, solvent and energy 
consuming procedures8-12.

� e most successful routes to access thiosemi-
carbazones consist of step-by-step reactions of 
hydrazine with di� erent electrophiles (Figure 1).

We initiated our study exploring the possi-
bility of a multicomponent reaction towards 
thiosemicarbazones by mixing in the same pot 
one equiv of benzaldehyde, phenyl isothiocyanate 
and hydrazine in methanol under re� ux, according 

Figure 1. Routes to thiosemicarbazones.
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to Scheme 1. In this condition compound 4a was 
obtained in good yield. We disclose herein our results 
concerning the � rst one-pot, catalyst-free synthesis 
of thiosemicarbazones via multicomponent coupling 
reactions of hydrazine, isothiocyanates and oxo 
compounds.

In a typical synthetic procedure, equimolar 
amounts of isothiocyanate, hydrazine, and aldehyde 
or ketone in MeOH as solvent were heated under 
re� ux at the indicated time (Figure 2).

With this optimal condition in hand, we extended 
the reaction to other oxo compounds, and results are 
indicated in Figure 3. A representative spectrum of 
monosubstituted and disubstituted aldehydes a� orded 
thiosemicarbazones from modest to excellent isolated 
yields. � e method is also useful for heteroaromatic 
and α,β-unsaturated aldehydes, and to some aromatic 
ketones.  

In conclusion, this study shows that three-

component coupling reaction involving isothio-

cyanates, hydrazine and oxo compounds can 

Figure 3. Obtained thiosemicarbazones
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be conveniently employed as a direct, catalyst-

free synthetic route to a broad spectrum of 

thiosemicarbazones. Since the experimental 

conditions are extremely simple, inexpensive, and 

very mild, we hope that this approach would be useful 

in the context of synthesis of molecular library for 

pharmacological applications. A novel and e�  cient 

procedure for the synthesis of thiosemicarbazones has 

been achieved via a multicomponent and catalyst-free 

reaction of phenyl or p-chlorophenyl isothiocyanate, 

hydrazine and aldehydes or ketones. � e method 

a� orded thiosemicarbazones in good yields and 

short reaction time.

Figure 4. Researches involved with this scientifi c 
project.
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Many soils of the Amazon Region are highly 
weathered, acidic, with low fertility and low crop 
production potential. Soil fertility is the limiting 
factor for the sustainable agriculture in the Region. 
� e Terra Preta de Índios (TPI) soils contrast with 
other Amazonian soils, especially in relation 
to fertility. TPI are soils that have an archeo-
anthropogenic horizon. � is is a surface horizon 
of variable depth, enriched in organic matter and 
containing pieces of ceramic and other evidence 
of human activity1 (Figure 1). TPI soils occur 
in small patches, many of which do not exceed 
2 ha, although areas of up to 350 ha have been 
reported. Currently it is accepted that the TPI are 
of pre-Columbian origin, the result of activities of 
indigenous peoples, although it is unclear whether 

it is a result of an intentional process of improving 
the soil, or the consequence of agricultural and 
domestic activities of these peoples.

Human activity in the pre-Columbian past 
has resulted in the accumulation of plant and 
animal residues, as well as large quantities of ash, 
charcoal, and various chemical elements, such as 
P, Mg, Zn, Cu, Ca, Sr and Ba, representing the 
geochemical signature of human occupation2. 
� ese accumulations probably contributed 
decisively to the formation of fertile soils, with 
higher pH, Ca and Mg, P, cation exchange capacity 
(CEC) and base saturation, compared with the 
adjacent non anthropogenic soils (Table 1).

� e high fertility of the TPI, and in particular 
its resilience (the capacity of these soils to maintain 

Figure 1. Photographs of TPI profi les and of ceramic artifacts found in these soils.
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high fertility in spite of its intensive and degradative 
use), is attributed to the high levels of soil organic 
matter and to the physical and chemical properties 
of this organic matter. � ese soils have a carbon 
content of up to 150 g/kg of soil, compared with 20-
30 g/kg in adjacent soils3. Additionally, the enriched 
layer of carbon can be up to 200 cm deep, with an 
average depth of the order of 40-50 cm, whereas the 
carbon in the adjacent soils is limited to the top 10-
20 cm. � us, the stock of carbon in the TPI may be 
an order of magnitude higher, and can be up to six 
times more stable than that in adjacent soil. � is 
material is highly resistant to thermal-, chemical- 
and photo-oxidation, and due to its recalcitrance, 
its incorporation into the soil is an important and 
e�  cient mechanism of carbon sequestration. 

However, the partial oxidation of the aromatic 
peripheral units produces carboxylic and others 
organic functional groups directly linked to the 
recalcitrant aromatic structures (Figures  2a, 
2b  and A). � e organic functional groups, 
additionally to its recalcitrant aromatic structure 
ensure the sustainability and resilience of TPI.

Table 1. Chemical attributes of soils of the Amazon Region

Soils pH
Ca + Mg a 

CEC 
P b 

(mg / kg)
Base 

saturation c %(cmolc kg-1)

Control 4.4 1.3 9.5 5 21
TPI 5.4 6.8 17.3 300 55

a exchangeable; b mehlich; c base saturation = (Ca + Mg + K) / CEC.

Figure 2. 13C-NMR spectra of humic acids from Amazon region soils. (a) TPI; (b) Non-anthropogenic soil.

Figure A. Soil organic matter pictorial chemically inert 
core and reactive periphery4. 
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DETERMINATION OF TRACE 
ELEMENTS IN CRUDE OIL AND IN 
BIOLOGICAL AND GEOLOGICAL 
SAMPLES BY ATOMIC SPECTROMETRY**

Daniel L. G. Borges, Vera L.A. Frescura and Adilson J. Curtius

Laboratório de Espectrometria Atômica, Departamento de Química, 
Universidade Federal de Santa Catarina – UFSC, 88044-900, Florianópolis, SC, Brazil
*e-mail: curtius@qmc.ufsc.br
**see more at: DITTERT, I.M., et al. Spectrochimica Acta. Part B, Atomic Spectroscopy 2009, 64, 537; 
DITTERT, I.M., et al. Microchimica Acta 2009, 167, 21-26; SANTOS, E.J., et al. Spectrochimica Acta Part B, 
Atomic Spectroscopy 2009, 64, 549; TORRES, D.P., et al. Journal of Analytical Atomic Spectrometry 2009, 24, 
1118; TORRES, D.P., et al. Microchemical Journal 2009, 93, 206; NARDI, E., et al. Food Chemistry 2009, 112, 727; 
BATISTA, B.L., et al. J. Braz. Chem. Soc. 2009, 20, 1406; BORGES, D.L.G., et al. Analytical Chemistry 2009, 81, 9834.

� e Laboratório de Espectrometria Atômica 

of UFSC had the opportunity to propose several 

experimental procedures for the determination of 

trace elements in di� erent samples that resulted in 

published papers in 2009. Some of the publications 

will be brie� y discussed in the following paragraphs.

 A direct, sensitive and fast method for the 

simultaneous determination of Cr and Fe in crude 

oil using high resolution continuum source graphite 

furnace atomic absorption spectrometry (HR-CS GF 

AAS) was proposed.1 In the HR-CS AAS, the use 

of a continuum source, a double monochromator 

with high resolution, and a UV-sensitive CCD 

detector make possible the visualization of the 

entire spectral environment at about ± 0.250 nm 

in the vicinity of the analytical line, allowing the 

simultaneous determination of elements which 

have absorption lines within this spectral interval. 

� e measurements were carried out at the main Cr 

line, 357.868 nm, and at a secondary Fe line, 358.120 

nm, using optimized pyrolysis and atomization 

temperatures. For the veri� cation of the accuracy, 

two certi� ed reference oil samples were analyzed and 

the results were in agreement with the certi� ed or 

informed values. External calibration with aqueous 

standard solutions. was adequate. In Figure 1, the 3D 

spectrum of a crude oil sample is shown, indicating 

absence of spectral interference on the analytical 

peaks. Five crude oils samples were analyzed. � e 

obtained concentrations were in the ranges from 4.1 

to 173.2 ng g-1 for Cr and from 2.2 to 4.4 µg g-1 for 

Fe. � e precision expressed as the relative standard 
deviation, varied from 6 to 20% for Cr and 4 to 16% 
for Fe, being acceptable for the direct analysis of 
complex samples. 

� e same analytical technique, HR-CS AAS, 
was also used for the direct determination of silver 
in geological samples.2 Pyrolysis and atomization 
temperatures were optimized as 800 °C and 1900 °C, 
respectively, for soils and sediments, and calibration 
against aqueous standards resulted in good 
agreement between certi� ed or informed values 
and determined values at a 95% con� dence level. 
� e analysis of rocks and ores, however, required 
calibration against a solid certi� ed reference rock 
sample, as in these samples the sulfur-rich matrix 
reduces the atomization e�  ciency. For these 

Figure 1. Time and wavelength-resolved absorbance 
spectrum for the crude oil “Crudo mediano-2” in the 
vicinity of the chromium line at 357.869 nm. Pyrolysis 
temperature of 1400 ºC, atomization temperature of 
2500 ºC.
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samples, background absorption with pronounced 
� ne structure due to a sulfur-containing molecule 
was detected, although with negligible in� uence on 
the analytical signal at the optimized atomization 
temperature of 2300 °C. � e application of a least-
squares background correction algorithm resulted 
in a background-free sample spectrum, as shown 
in Figure 2. Ten certi� ed samples were analyzed.

� e analysis of biological samples has been the 
subject of several publications.3-7 A simple and fast 
method for the determination of Se in biological 
samples, including food, by axial view inductively 
coupled plasma optical emission spectrometry 
using on-line chemical vapor generation (CVG-
ICP OES) from the samples pre-treated with aqua 
regia under microwaves followed by sonication was 
proposed.3 Selenium may act as an essential nutrient 
or as a toxin, depending on its concentration and 
on its chemical form. � e concentrations of HCl 
and NaBH4, used in the chemical vapor generation 
were optimized by factorial analysis. Six certi� ed 
materials were treated with 10 mL of aqua regia in a 
microwave system under re� ux for 15 min, followed 

by additional 15 min in an ultrasonic bath. A� er 
dilution, Se was determined directly by CVG-
ICP OES, using the analytical line at 196.026 nm. 
External calibration against aqueous standards in 
10% v/v aqua regia was adequate. � e experimental 
part of this work was carried out at Tecpar, Curitiba. 

Two papers on mercury fractionation in 
biological samples were published. A simple, fast and 
reliable method for the determination of inorganic 
and total mercury in biological samples directly 
from slurries prepared in water has been developed 
using cold vapor atomic absorption spectrometry.4 
Samples were simply mixed with water and 
measurement were carried out immediately. For 
inorganic mercury determination, no additional 
preparation was required. For total mercury 
determination, the samples had to be oxidized 
previously with a 2% m/v KMnO4 solution for 
2 min. A� er this period, the measurements were 
carried out similarly to that for inorganic mercury 
determination. � e methylmercury concentration 
could then be calculated as the di� erence between 
total and inorganic mercury. � e results were in 

Figure 2. Time and wavelength-resolved absorbance spectra in the vicinity of the Ag line at 338.289 nm: a) 
spectrum of the WMS-1 rock sample; b) reference spectrum of the sulphur-containing molecule; c) WMS-1 
spectrum obtained after least-squares background correction.
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good agreement with the 95% con� dence level of the 
certi� ed or close to the informed value for the four 
reference materials investigated, as shown in Table 1. 
� e relative standard deviation was better than 7% 
for most of the samples. � e limits of detection in 
the sample were determined as 0.020 and 0.016 µg g-1 
for inorganic and total mercury, respectively. 

In the other paper5, a� er the CRM treatment 
at room temperature with tetramethylammonium 
hydroxide (TMAH), inorganic mercury was 
determined by CV AAS. Total mercury was measured 
by the same technique, following microwave-
assisted acid digestion. Organic mercury, basically 
methylmercury, was obtained by di� erence. In 
both procedures, the quartz tube was kept at room 
temperature. � e di� erence between the total and 
inorganic mercury concentrations agreed with the 
methylmercury concentration for the four certi� ed 

materials investigated. A single calibration curve 
against aqueous standards in acidic medium was 
carried out for both procedures. � e limits of detection 
in the samples were 0.02 µg g-1 and 0.04  µg  g-1 for 
inorganic and total Hg, respectively, since the sample 
mass for total mercury was half of that for inorganic 
mercury determination. Simplicity and high e�  ciency 
without using chromatographic techniques are some 
of the qualities of the proposed method, turning it 
into an interesting alternative for the fractionation 
analysis of mercury in biological samples.

Two other papers involving the analysis of 
food6 and urine7 were developed in collaboration 
with researchers from FCFRP-USP. Another work, 
involving the direct determination of organometallic 
compounds by ambient mass spectrometry detection 
was carried out at NRCC, in Canada, in another 
collaborative study.8

Table 1. Analytical results for the determination of total, inorganic and methylmercury in certifi ed reference materials 
by CV AAS using slurry preparation in water (inorganic Hg) or after addition of KMnO4 (total Hg). Obtained values 
(mean ± confi dence limit) in µg g-1; n = 3 or 4.

Sample
Total mercury Methylmercury (as Hg) Inorganic mercury

Certifi ed Found Certifi ed Founda Informedb Found

BCR 186 1.97 ± 0.04 2.01 ± 0.22 NC 0.70 ± 0.08 1.5 ± 0.1 1.30 ± 0.14

DOLT-3 3.37 ± 0.14 3.51 ± 0.19 1.59 ± 0.12 1.65 ± 0.04 1.78 1.86 ± 0.19
TORT-2 0.27 ± 0.06 0.28 ± 0.03 0.152 ± 0.013 0.148 ± 0.009 0.118 0.135 ± 0.021

ERM-CE 278 0.196 ± 0.009 0.193 ± 0.031 NA ND NA < LOQ
a Calculated as the difference between total Hg and inorganic Hg. b Calculated as the difference between total Hg and Hg as 
CH3Hg+. NA: not available. ND: not determined.
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Particulate matter plays a signi� cant role in 
the chemistry of the atmosphere and in human 
health. While their constitution may vary from 
place to place, the sources of particulate matter are 
numerous, from natural origin – mainly vegetation 
and dust resuspension, among others – to di� erent 
kinds of human activities, such as disposal of 
petroleum residues, waste incineration, energy 
production, vehicular emissions and agricultural 
slash burning. Vehicle exhaust aerosols contain 
carbonaceous particles that are associated with 
a complex mixture of compounds. Special 
attention has been given to particles emitted by 
diesel engines, due to the numerous in vivo and 
in vitro studies establishing their adverse e� ects 
in human health. Among the several organic 
and inorganic species which are associated with 
diesel exhaust particles, including mono- and 
poly- functional organic compounds resulting 
from gas-to-particle conversion mechanisms, 
hydrocarbons with high molecular weight, such 
as polycyclic aromatic hydrocarbons (PAH) and 
their oxy- and nitro-derivatives, are of  particular 
interest. PAH are ubiquitous and abundant 
pollutants that are emitted from several natural 
and/or anthropic sources and may be present in 
the atmosphere, hydrosphere and lithosphere. � e 

widespread occurrence of PAH is largely due to 

their formation and emission during incomplete 

combustion of petrogenic materials such as 

oil and coal as well as non-petrogenic sources 

as wood burning  as well as biomass burning 

due to agricultural practices.1 In urban areas, 

exhausts from diesel and gasoline vehicles play an 

important role to the PAH emissions. Many PAH 

are regarded as priority pollutants by both the 

United States Environmental Protection Agency 

and the European Community. While no standard 

currently exists in Brazil for PAH concentrations 

in ambient air, the U.K. Government Expert Panel 

on Air Quality Standards is considering an air 

quality standard for PAH of 0.25 ng m-3 (annual 

mean), to be achieved on December 20102.

� e aim of the present work was to determine 

the atmospheric concentrations and pro� les of 16 

particle-phase US EPA priority PAH pollutants, 

present in the same three sites previously studied, 

namely: i) Lapa Bus Station, strongly impacted 

by heavy-duty diesel vehicles; ii) Aratu Harbor, 

impacted by an intense movement of goods, 

including metal ores and chemicals and near 

industrial centers and; iii) Bananeira Village, 

located on Maré Island, a non vehicle-in� uenced 
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site, with activities such as handcra�  work and 

� shery, although placed near the port3.

� e Lapa Bus Station is placed in downtown 

Salvador City in a region featured by heavy 

commerce and service activities. � e station is 

composed of three � oors: the � rst one being located 

on underground level, and the second at the ground 

level, with total areas of about 13,920 m2, each 

one has 5 platforms for arrivals and departures 

of urban heavy-duty diesel buses, and the third 

� oor is occupied by small stores, cafeterias and the 

administration services. Samples (n = 36) of PM10 

were collected between 16-28 July 2005 on quartz 

� lters (22.8 × 17.7 cm, Energética, RJ, Brazil) by 

using a PM10 Hi-Vol sampler (Energética, RJ, Brazil 

and � ermo Andersen, USA) on the bus platform 

from underground � oor. Sampling periods were 

either 4-6 h during morning/a� ernoon and 8-10 h 

during the night (along weekdays) or 24 h (during 

weekends) under average sampling � ow rate of 

1.14 m3 min-1.

Aratu Harbor, in Todos os Santos Bay, about 
50 km far away of Salvador, possess about 60% of 
total operations in ports of the Salvador Region by 
supporting transportation of manufactures from 
both the Industrial Center of Aratu (CIA) and the 
Petrochemical Complex of Camaçari. Its average 
temperature is 26 0C and the predominant winds 
are NE (3-37%), E (3-52%) and SE (3-50%). In this 
semi-urban site, particles were simultaneously 
sampled in two size fractions: TSP (dp ≤ 100 µm) 
and PM10 by locating the Hi-Vol samplers at average 
� ow rates of 1.16 and 1.14 m3 min-1, respectively, in 
two di� erent points: � rstly the Aratu#1 (7 samples), 
near an o�  ce building and secondly the Aratu#2 (8 
samples), in an open place (Figure 1). � e samples 
were collected from October to November 2004, in 
sampling periods of 24 hours each one.

Bananeira Village, in the Mare Island, located 
at Todos os Santos Bay, is a remote site in which 
� shery and handcra�  activities dominate. � is 
place, depending on the wind direction and other 
meteorological conditions, receives air masses 

Figure 1. Map of Todos os Santos Bay locating the collecting sites.
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(and also emissions) from an industrial center 
(CIA) and from the Petrochemical Complex of 
Camaçari and thus its ca. 1000 inhabitants may 
possibly su� er consequences of them. TSP samples 
(n = 14) of 24 h periods, by using a TSP Hi-Vol 
at a � ow rate 1.16 m3 min-1, were collected on 
September-October 2005.

Just a� er each sampling, � lters were conserved 
in aluminum foil envelopes and inside sealed 
plastic bags until weighing and analysis. Either 
the extraction of the PAH from � lters and GC-
MS-SIM analyses were performed as described 
on Pereira et al. 20024 and Lopes et al. 20085, 
respectively. All of the EPA priority PAH was 
identi� ed in samples of the four sites of this study. 
In all sites it can be observed that PAH with higher 
molecular weight and lower vapor pressure (those 
ones with 4-6 benzene rings, namely BaA, CRY, 
BbF, BkF, BaP, IND, DBA and BgP) reached higher 
particle phase concentrations and those with 2-3 
rings such as NAP, ACY, ACE and FLU were fairly 
found. Nonetheless, considering all sampling 
days, BbF (ranging from 0.130-6.85 ng m-3) is the 
PAH with the highest concentration in samples 
from Bananeira and Aratu Harbor as well as 
CRY (from 0.075-6.85 ng m-3) presented higher 
concentrations in the Lapa Bus Station. PAH 
arithmetic mean concentrations were higher 

in TSP than in PM10, showing a similar PAH 
distribution in Aratu #1 and Aratu #2 in spite the 
fact that lower PAH concentration levels belonged 
to Aratu #2. � is could be due to di� erences of the 
air masses trajectories of both places, as discussed 
elsewhere. Aratu Harbor, during sampling TSP 
and PM10, has received in its terminals discharges 
of many kinds of goods, including coke, charcoal 
and petrol derivatives. Additionally, the diesel oil 
used to fuel the ships has probably contributed 
to the PAH content of this place. Bananeiras 
village, on the other hand, seems to be mainly a 
receptor site for emissions from the Industrial 
Center of Aratu. Contributions of carcinogenic 
species (BaA, BbF, BkF, BaP, DBA, and IND) for 
the PAH content represents (in µg g-1) 42.4, 25.4, 
78.2, 25.2, 79.4 and 45.3 for Aratu #1 TSP, Aratu 
#2 TSP, Aratu #1 PM10, Aratu #2 PM10, Bananeiras 
and Lapa, respectively. Figure 2 brings out relative 
contributions of both carcinogenic (to which BbF, 
BkF and BaP are the major contributors) and non-
carcinogenic (major contributors are BgP, CRY, 
and PYR) PAH measured. In three sites amongst 
the four studied, the carcinogenic PAH represent 
the main fraction in the total PAH determined 
in particulate matter, with percentual values very 
similar (ca. 70 %), what should evidence serious 
health concerns. � e only exception was the Lapa 

Figure 2. Percentage contributions of individual compounds, and carcinogenic species, to the total mass of 
measured PAH for each studied site.
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Station, where carcinogenic PAH just accounted 
for 40% of the total PAH.

� e main reason for this was that the Lapa 
station had only 21% of those carcinogenic BbF, 
BkF and IND, against about 50% in Aratu and 
Bananeiras. On the other hand, non-carcinogenic 
CRY and PYR accounted for 31% of the total PAH 
in Lapa, against only 12 % in Aratu and Bananeiras. 
� e PAH mean concentrations in PM10 from Lapa 
Bus Station, according to the sampling day, are 
shown in Figure 3, as well as those according to 
sampling period are shown in Figure 4. Because 
circulation of commuting buses and people 
throughout Metropolitan Region of Salvador 
City is most intensi� ed during 1 p.m. until 8 p.m. 
and between Monday and Friday, the emissions 
of particle-associated PAH reached their highest 
levels on weekdays and during a� ernoon, due to 
continued diesel burning in heavy-duty vehicles 
and particle resuspension associated to the tra�  c. 

In this work, we are tentatively associating PAH 

designed as “source tracer” to Pearson Correlation, 

Principal Component Analysis, Cluster Analysis, 

and Diagnostic ratios (Table 2) in order to propose 

the major PAH sources for each site. When 

considering Pearson correlations we have found, 

� rstly, that both Aratu#1 and Aratu #2 TSP have 

shown two main correlation groupings: moderate-

to-strong correlations among NAP, ACE, FLU, 

PHE and ANT (0.44 < r < 0.70) that could be 

representative of industrial emissions and/or 

petrol re� nery from CIA and industrial complex 

of Camaçari; and strong correlations for FLT, PYR, 

BaA, CRY, BbF, BkF, BaP, IND, DBA and BgP 

(0.70 < r < 1.00) that may represent either gasoline 

or diesel emissions, although ACY, IND and BgP 

(r > 0.81) were well correlated in Aratu #1 TSP 

only. Secondly, Aratu #2 TSP ACY has correlated 

with the more volatile species NAP, ACE and FLU 

(r > 0.59). Aratu #1 and Aratu #2 PM10 presented 

higher Pearson scores and more PAH species in 

correlation with one another. Here those heavier 

species shows again strong correlations among 

them (PYR, FLU, BaA, CRY, BbF, BkF, BaP, IND, 

DBA and BgP with 0.70 < r < 0.99). In this site we 

tentatively try to attribute those correlations as 

industrial emissions and/or petrol re� nery and 

gasoline or diesel emissions. � irdly, Bananeiras 

shows two distinct correlation groups, the former 

with weak-to-moderate correlations among NAP, 

ACY, ACE, FLU, PHE, and ANT (0.37 < r < 0.58, 

what could be petrol re� nery, wood combustion 

Figure 3. Comparison of mean PM10 PAH 
concentrations at different days (each day represents 
a minimum of 3 values) from Lapa Bus Station.

Figure 4. Contribution according to period of the day for PAH concentrations in Lapa Bus Station (PM10).
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for domestic heating/energy production) and 
the latter with moderate-to-strong correlations 
among FLT, PYR, BaA, CRY, BbF, BkF, BaP, IND, 
DBA and BgP (0.81 < r < 0.96, diesel exhausts from 
boats). Finally, Pearson correlations from Lapa 
Station have shown the lowest score values and the 
least species involved into correlations of all sites. 
� is could denote more PAH sources on that site, 
which would re� ect into more di�  cult correlations 
between them, since more than one or two di� erent 
sources should be participating of the origin of 
each PAH. In this site there are weak-to-moderate 
inter-correlations between NAP, ACY, ACE, FLU, 
PHE, FLT, PYR and BaA (0.15 < r < 0.84) and also 
moderate-to-strong correlations among PHE, FLT, 
PYR, CRY, BbF, BkF, BaP, IND, DBA and BgP 
(0.51 < r < 0.99) diesel exhausts from heavy-duty 
vehicles). PCA analysis shows that the � rst principal 
component explains 60% and the second accounts 
for 30 % of all variance data, distinguishing two 
main groups according to similarities in the PAH 
emission patterns: the � rst group, formed by Aratu 
(#1 and #2 as well as TSP and PM10) and Bananeiras 
(TSP), and the second group, formed by samples 
from Lapa Station.

Compared to Lapa Station samples, Aratu 
and Bananeiras samples would be expected to 
have both relatively high concentrations of those 

compounds with positive loadings (BbF, DBA, 
BkF, IND, BgP, and BaP) on the � rst principal 
components and low concentrations of some other 
compounds with negative loadings (NAP, ACE, 
ACY, and FLU). Furthermore, Lapa samples have 
shown high concentrations and positive loadings 
for the second principal components (BgP, 
BaP, and BbF) and both highly concentrations 
and negative loadings for the second principal 
components (PHE, FLT, BaA, PYR, and CRY). 
Table 1 compares the PAH ratios of this study with 
those reported by other researchers. Firstly, the 
FLT/PYR, BaA/CRY, FLT/(FLT+PYR), BaA/(BaA + 
CRY), IND/(IND + BgP) ratios can be indicative of 
either gasoline exhaust from light-duty vehicles, 
diesel fuel burning on ships and from trucks, and 
coke discharge for Aratu #1 TSP, Aratu #2 TSP, 
Aratu #1 PM10, and Aratu #2 PM10. (BbF+BkF)/
BgP seems to be a signature of domestic soot 
for samples of both fractions of PM from Aratu 
Harbor and Bananeiras, while for Lapa station it 
points out for vehicles or diesel exhaust. Secondly, 
FLT/PYR (0.94) and FLT/(FLT + PYR) (0.48) for 
Bananeiras shows wood combustion (for energy 
production and slash clearance) source; BgP/IND 
(1.2), BaP/BgP (0.88), IND/(IND + BgP) (0.45) are 
either coal combustion or diesel fuel burning on 
ships and boats. Finally, the following ratios BgP/

Table 1. PAH Diagnostic ratios for this study, and for different sources.

 
FLT/
PYR

(BbF+BkF)/ 
BgP

BgP/
IND

BaP/
BgP

BaA/
CRY

PYR/
BaP

FLT/
(FLT+PYR)

BaA/ 
(BaA+CRY)

IND/
(IND+BgP)

Sitesa

Aratu #1 TSP 0.88 3.0 1.1 0.72 0.48 0.32 0.47 0.32 0.49

Aratu #2 TSP 0.94 2.5 1.1 0.60 0.43 0.29 0.49 0.30 0.47

Aratu #1 PM10
1.0 3.2 1.1 0.73 0.51 0.34 0.50 0.34 0.48

Aratu #2 PM10
0.87 2.4 1.1 0.60 0.50 0.37 0.47 0.33 0.47

Bananeira TSP 0.94 3.2 1.2 0.88 0.53 0.38 0.48 0.35 0.45

Lapa Bus Station PM10
0.55 1.7 1.5 1.0 0.38 1.3 0.36 0.28 0.4

Reported sources

Vehicles 0.20-1.72 1.0-2.7 0.3-0.78 0.63

Gasoline exhaust <1.0 0.33 3.5-3.8 0.3-0.4 0.28-1.2 0.85 0.43 0.37 0.18

Diesel exhaust 1.6 1.1-1.2 0.46-0.81 0.17-0.36 0.81 0.45 0.46

Wood combustion 1 0.93 0.71 0.56-0.67 0.48-0.54 0.58-0.69

Rice straw combustion 0.67 2 0.64

Coal combustion 1.4 1.1 0.9-6.6 1.0-1.2

Coke oven 5.1 0.7

Incinerators 0.14-0.60

Petroleum refi ning 0.65-1.7

Domestic soot 1.5-14.0
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IND (1.5), (BbF + BkF)/BgP (1.7), BaP/BgP (1.0), 
BaA/CRY (0.38), BaA/(BaA + CRY) (0.28), and 
IND/(IND + BgP) (0.40) are broad signatures of 
diesel heavy-duty vehicles for Lapa Station.

Dry atmospheric deposition � uxes (Fd) were 
calculated by multiplying the geometric mean of 
each PAH concentration (Ci) in the particulate 
matter to PAH dry settling velocity (Vd)

6. Indeed, 
some authors have modeled Vd, and they have 
found results comparable to those from In this 
study PAH particle dry deposition were calculated 
by using Vd stated on Sheu et al., 19967.

Dry deposition � ux for the total PAH (Fd of 
 PAH) showed the highest value (4.35 µg m-2 day-1) 
for Lapa Bus Station, followed by Aratu #2 TSP 
(3.69 µg m-2 day-1), Aratu#1 TSP (2.96 µg m-2 day-1 ) and 
Aratu #1 PM10 (2.93 µg m-2 day-1), Bananeiras (2.49 
µg m-2 day-1), and Aratu #2 PM10 (1.95 µg m-2 day-1). 

Individual deposition � uxes are found in 
Table 2. In most sites BbF was the PAH with the 
highest deposition � ux followed by BgP and 
IND. Exception is made for Lapa Station where 
CRY, BgP, BaP and BbF demonstrated higher 
Fd loadings. � e apparent dry deposition � uxes 
took into account both the geometric averaged 
concentration level of an individual PAH sorbed 
on particulate matter and dry deposition velocity 
but it should also be taken into account the PAH 
reactivity which can be an important parameter 
in interpreting the dataset. Nielsen (1984)8 has 
developed a reactivity scale that groups PAH into 
� ve classes of reactivity (from Class I – the most 
reactive group – to Class V – the least reactive 
ones) toward nitrating species generating then 
either nitro-PAH, oxy-PAH or quinones (these 
are PAH derivatives much more carcinogenic 

Table 2. Estimates of particle PAH dry deposition fl uxes (Fd).

PYR BaA CRY BbF BkF BaP IND DBA BgP

Dry settling velocity (Vd) 
(cm s-1)*

0.2 0.35 0.54 0.55 0.62 0.71 0.89 0.76 0.97

Aratu#1 TSP
Geometric mean 
(ng m-3)

0.286 0.299 0.714 2.44 0.820 0.732 1.01 0.363 1.02

Dry deposition fl ux (Fd) 
(µg m-2 day-1)

0.05 0.09 0.33 1.16 0.44 0.45 0.78 0.24 0.85

Aratu#2 TSP
Geometric mean 
(ng m-3)

0.157 0.201 0.419 1.43 0.537 0.476 0.671 0.237 0.759

Dry deposition fl ux (Fd) 
(µg m-2 day-1)

0.03 0.06 0.20 0.68 0.29 0.29 0.52 0.16 0.64

Aratu#1 PM10
Geometric mean 
(ng m-3)

0.189 0.225 0.491 1.53 0.592 0.489 0.596 0.227 0.644

Dry deposition fl ux (Fd) 
(µg m-2 day-1)

0.03 0.07 0.23 0.73 0.32 0.30 0.46 0.15 0.54

Aratu#2 PM10
Geometric mean 
(ng m-3)

0.110 0.140 0.275 0.901 0.364 0.300 0.439 0.180 0.508

Dry deposition fl ux (Fd) 
(µg m-2 day-1)

0.02 0.04 0.13 0.43 0.20 0.18 0.34 0.12 0.43

Bananeiras
Geometric mean 
(ng m-3)

0.211 0.241 0.432 1.13 0.512 0.473 0.499 0.229 0.529

Dry deposition fl ux (Fd) 
(µg m-2 day-1)

0.04 0.07 0.20 0.54 0.27 0.29 0.38 0.15 0.44

Lapa
Geometric mean 
(ng m-3)

1.15 0.863 2.03 1.01 0.393 0.842 0.559 0.329 0.741

Dry deposition fl ux (Fd) 
(µg m-2 day-1)

0.20 0.26 0.95 0.48 0.21 0.52 0.43 0.22 0.62

* According to Sheu et al (1996)4.
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and/or mutagenic than those originating species 
so are of more concern in health issues). If a PAH 
is more reactive than other, this is more easily 
modi� ed (removed) by a photochemical reaction 
and it would be not found in PM in high level and 
then dry or wet deposition mechanisms would not 
be its main atmospheric fate. On the other hand, 
the less reactive the more probable the PAH is to 
sink by either dry or wet depositions, depending 
on its vapour pressure and water solubility (being, 
therefore, probably promoted to any terrestrial 
and/or aquatic systems). � is should be considered 
when analyzing some isomer pairs such PHE and 
ANT, FLT and PYR, BbF and BkF, and IND and 
DBA. PHE belongs to Class V and ANT is Class II 
then is reasonable to accept that ANT, being 
more reactive than PHE, would be more readily 
modi� ed to any of its possible nitro-derivatives 
and less ANT would be available to be dry 
deposited. � e same happens with the next two 
isomer pairs: (i) FLT (Class V) and PYR (Class III), 
and (ii) IND (Class V) and DBA (Class IV) whose 
PYR and DBA, respectively, apparently possess 
lower dry deposition � uxes. In the case of BbF and 

BkF pair, both belong to the same reactivity class 
(Class V) and those high � uxes are derivated from 
both high concentration levels and deposition 
velocities. Summing up, if dry deposition were 
the main removal mechanism for PHE, FLT, IND, 
BbF, BkF and in minor extension, for DBA (and 
the other Class IV, CRY), those particle airborne 
once deposited might be resuspended by any 
mechanical/physical perturbation being then able 
to be enriched of some PAH freshly generated 
(vapor–PAH converted to particle or by any 
physical interaction as accumulation, coagulation, 
etc acting in both freshly and aged particulate 
PAH) and be again dry deposited. � is cyclic path 
of those PAH could happen continuously and the 
particulate matter be aged in relation to some 
less reactive PAH. � e same might happen with 
NAP, ACY, and tentatively, to ACE and FLU who 
also are classi� ed as Class V species. But in this 
case, because they are preferentially segregated 
to gaseous phase, the main fate of them would 
be gaseous dry deposition or even wet deposition 
since they are the most water soluble of the 16 
priority PAH.
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� e dissolution of sediment samples is usually 
necessary for the determination of trace metals 
using common techniques such as � ame and 
graphite furnace atomic absorption spectroscopy 
(F AAS, GF AAS), inductively coupled plasma 
optical emission and mass spectrometry (ICP 
OES, ICP-MS). � e digestion usually requires acid 
leaching with concentrated mineral acids, with 
high temperatures and pressure. � e wet digestion 
methods without using HF do not attack the silicate 
matrix, hence are not considered total digestion. 
However, for environmental studies, weak 
leached, such as diluted hydrochloric acid (HCl), 
is commonly employed to obtain the available and 
potentially more toxic fraction of metals. 

 � e pre-treatment is usually the most time-
consuming step of elemental analysis. � erefore, 
alternatives have been studied to simplifying and 
speeding up the conventional methods of sample 
preparation, for instance, hot plate, microwave 
and overnight shaking. A number of authors have 
achieved good results using ultrasound probes 
and baths (Figure 1a) to reduce time in the pre-
treatment of sediments.1-4

� e ultrasound energy induces acoustic 
cavitation, which promotes a local high increase 
in temperature and pressure, alloying high 
analyte transport from solid particles, eroded 
and fragmented by the wave shock, to the liquid 
phase.5 � e high temperature and pressure also 
lead to the formation of free radicals and other 
compounds.6-7 � us the pre-treatment is usually 

shortened compared to conventional methods 
without the utilization of extreme experimental 
conditions. � e use of ultrasound energy in sample 
preparation has other advantages, for example does 
not require special vessels, the ultrasonic cleaning 
bath is inexpensive and widely available and there 
is no risk that extraction solution evaporates to 
dryness as in hot plate digestion.6 

� e aims of this study were: (i) to test the 
signi� cance of the type of vessel (conical or � at), 
type of material (Te� on® or glass) and number 
of replicates, simultaneously prepared, in the 
ultrasonic bath using three factors analysis of 
variance; (ii) to speed up conventional extraction 
using HCl 1.0 mol L-1, largely used in the 
determination of bioavailable trace metals, by 
employing ultrasound bath. � e tests were carried 
out using a sediment certi� ed reference material.

A pilot study was performed in order to 
investigate the in� uence of type of material 
(Te� on® or glass), type of vessel bottom (conical or 
� at) and number of replicates (one or three treated 
simultaneously) in the e�  ciency of the extractions 
of trace elements. Ultrasonic extraction was 
performed for 30 min, at a previous optimized 
position in the ultrasonic bath.7 A hierarchical 
sample design was applied, and the results were 
tested by a three-factor ANOVA. Homogeneity 
of variances was examined using Cochran’s 
test. Multiple comparisons among means were 
performed with the Student-Newman-Keul’s 
(SNK) test.
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Extractions were conducted on an orbital 
shaker (Figure 1b) and the supernatants were 
separated immediately by centrifugation at 
3000 rpm for 10 min. � e extractions were realized 
for 0.5 h, 4 h and 12 h at room temperature. For 
ultrasonic assisted extraction the importance 
of the length of the sonication process was 
evaluated. � e time range between 60 seconds 
and 50 minutes. . A� er sonication, the solution 
was centrifuged, and the supernatant separated 
for element determinations by ICP OES. All 
experiments were performed in triplicates and 
blanks were also treated as sediment samples.

Results showed that the material of the vessel 
employed for extractions was signi� cant for Co, 
Cr, Ni and Mn. � e best results were obtained with 
Te� on®, with � at bottom. � e results also show the 
viability to work in triplicates in the ultrasonic 
bath without compromising the e�  ciency and/or 
the precision of the extraction.

� e recovery percentages for HCl conventional 
extractions varied from 8.11% (Mn) to 73.4% (Pb 
and Zn). � e low percentages of recovery are not 
unexpected, since a diluted, cold solution was 
employed. Nevertheless, most of the results agreed 
well with data reported by Townsend et al.15. � e 
extractability power of HCl is clearly dependent on 
the time of exposure of sediments. Nevertheless, 
metals reacted di� erently. Lead, Cu and Zn were 
rapidly extracted from sediments, indicating a fast 
kinetic extraction of these labile metals. � at is 
because anthropogenic metals are more likely to be 
weakly bound to the mineral matrix than elements 
from lithogenic sources. Slow kinetics re� ects 

extraction of less mobile, inert phases typical of 
naturally occurring metals in the sediment matrix. 

� e results obtained for HCl extraction using 
ultrasound energy show that for all metals the 
percentage extracted with ultrasound was below 
100% (i.e. certi� ed value concentration). Lead, 
Zn and Cu were the elements that presented the 
highest recovery, which is possibly associated to 
their anthropogenic origin and, therefore, its labile 
nature. Figure 2 shows a comparison between 
ultrasonic-assisted leaching rate curves and the 
results obtained by conventional acid extraction 
at 0.5, 4 and 12 hours. For the studied elements, 
leaching e�  ciency increased with increasing 
sonication time from 1 to 50 min. For most studied 
elements the ultrasound-assisted leaching could 
reduce the conventional extraction time of 12 
hours to 50 min (e.g. Cu, Fe e Zn) or even less for 
Ba (25 min) and Pb (6 min), hence representing and 
important economy of sample preparation time. 
Extractions with HCl that employed 4 h exposure 
time could be performed in less than 50 min of 
sonication, while sonication time up to 12 min 
was necessary to reach the extraction e�  ciency 
obtained with 0. 5 h conventional shaking. For the 
elements strongly associated to the silicated matriz 
(i.e. Ni and Cr) the e�  ciency of sonication was 
reduced, compared to the more labile elements that 
presented high concentrations in the sediments. 

In conclusion, the ultrasound energy 
represents a fast, reliable, and safe alternative to 
conventional acid extraction for the determination 
of bioavailable metals in sediments, when 
employing HCl 1.0 mol L-1. � e conventional 

Figure 1. Ultrasonic bath (A) and orbital shaker (B) used during the experiments. 
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Figure 2. Comparison of extractability from PACS-2 by conventional leaching and ultrasound assisted extraction 
(line with black squares).

extraction time could be reduced from 12 hours 
to 6 min, depending on the element of interest 
and the time used for the conventional extraction. 
For most elements the precision obtained with 
ultrasound and conventional extraction was 
comparable. � e study showed that Te� on® 

vessels with � at bottom should be employed, and 

triplicate samples could be treated simultaneously 
in the ultrasonic bath, without compromising the 
e�  ciency and/or the precision of the extraction. 
� e ultrasound assisted extraction employing 
HCl 1.0 mol L-1 is a fast, inexpensive, simple, and 
reproducible method for the estimation of the 
availability of trace metals 
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huMan resourCes

� e training of professionals and the 
formation of highly quali� ed human resources is 
part of the strategic goals of the INCT-E&A. To 
address these emerging challenges, it is necessary 
to join Science with Education, a. fundamental 
condition to transform the scienti� c education 
from the elementary school to the postgraduate 
formation. In this sense, teachers/researchers 
are engaged in INCT-EA’s tutorial activities and 
scienti� c and technological researches, with 
undergraduate, M Sc and D Sc students. � e stage 
in the postdoctoral level has also been treated as 
an opportunity for looking to the convergence 
amongst scienti� c disciplines and research � elds. 
Also, the scienti� c/technical stages and visits have 
been fostered amongst the several research groups 
which participate in the INCT.

Concerning the INCT activities for training 
human resources, they can be featured by the 
number of students of both undergraduate and 
graduate levels engaged in the projects, as well as 
the number of D Sc thesis, M Sc dissertations and 
undergraduation monographs concluded.

It is noteworthy, though, the holding of summer 
schools with an average of 300 participants in each 
one, all of them students, teachers and professionals 
coming from high schools, universities and the 
industry, from Bahia and other Brazilian states. 
� ese Summer Schools have o� ered several 
courses in the basic and advanced levels, as well as 
symposia and conferences conducted by Brazilian 
and foreign scientists, contributing signi� cantly 
to the discussion of topics of the INCT’s interests 
and to the training of human resources. Regarding 
the professionals in industry, there is already a 
continuous � ow of internships and trainings in 
the INCT laboratories, as well as planned activities 
during the regular School’s semester.
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national WeeK of sCienCe and 
TECHNOLOGY 2009 – SCIENCE IN 
BRAZIL
Semana Nacional de Ciência e Tecnologia 
2009 (SNCT2009) – Ciência No Brasil

� e National week of science and Technology 
(SNCT) event was held in the period of 14 to 19 
October 2009 in many cities in Brazil. During this 
week the INCT-E&A performed two activities in 
Salvador, Bahia-Brazil.

1. understanding the pollution in the 
lapa station

� e aim of this activity was to inform the public 
about the air pollutants emitted by vehicle tra�  c 
in the Lapa Bus Station (Salvador, Bahia). � e 
Station can have around 460,000 people passing 
by daily. In 22th October pamphlets, posters and 
experiments statements setting out the relationship 
of these emissions with environmental and health 
problems were installed on a stand at Lapa Station.

2. the sCientist returns to sChool

� e goal of this activity was to bring science 
to young people and scienti� c activity. In October 
23th di� erent activities in the theme were held at 
the College of Military Police of the Riverside, 
a public school in Salvador. Students attended 
the lecture, “Sustainability and the Agenda of 
the Twenty-� rst Century”, delivered by Prof. Dr. 
Jailson B. de Andrade, a professor and coordinator 
of the INCT-E&A. � e students discuss the essence 
of scienti� c research, its role in the development 
of the country and its relationship to education. 
Moreover, the students had the opportunity 
to watch demonstrations of experiments in 
multimedia.
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Cooperation aCtivities 
betWeen inCt groups

INCT-E&A has developed actions seeking 
to intensify cooperation with other INCT. 
� e most important activity of 2009 was the 
creation of “I5+”, as a result of the � rst workshop  
of cooperation. � is event took place in São 
Lourenço Fort in Itaparica, Bahia, Brazil, with the 
aim of discussing the governance of the National 
Institutes on cooperation and strengthening ties 
in science, technology, and disseminating scienti� c 
and teacher training, in from 19 to 21 November 
2009. � e following are institutes and their 
coordinators: INCT Complexes and Functional 
Materials (Coordinator Prof. Galembeck Fernando, 
UNICAMP), INCT Drugs and Drug (Coordinator 
Prof. Eliezer Jesus Barreiro, UFRJ), INCT Material 
Transfer Continent-Ocean (Coordinator Prof. 
Luiz Drude de Lacerda, UFC), INCT Science and 
Technology Control of Insect Pests biorational 
(Coordinator Prof. Fátima Maria das Graças 

1

1 and 2. The São Lourenço Fort (Itaparica, Bahia, Brazil). 3) Prof. Lidia Moreira; 4) Prof. Angelo C. Pinto;
5) Prof. Rosane Marins; 6) Prof. Vanessa Hatje; 7) Prof. Eliezer de Jesus Barreiro; 8) Prof. Luiz Drude de Lacerda;
9) Profa. Maria Fátima das Graças Fernandes da Silva; 10) Jailson B. de Andrade.
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Fernandes da Silva, UFSCAR) and INCT of Energy 
and Environment (Coordinator Prof. Jailson 
Bittencourt de Andrade UFBA).

� e workshop was considered very important by 
participants and should be repeated periodically in 
the form of a Forum with the participation of others 
INCTs, encouraging cooperation, convergence and 
interdisciplinary themes.

42nd IUPAC CONGRESS, 2-7 AUGUST 
2009, in glasgoW, uK

symposia: biofuels co-organised 
by the brazilian Chemical society 
(sbQ), the Chemical society of 
japan (Csj) and the rsC

Biodiesel (made from vegetable oil), bioethanol 
(from carbohydrate fermentation) and conventional 
fuels synthesised from the gasi� cation products of 
biomass are key biofuels that need to be exploited to 
ensure sustainable fuels for the future. � e chemical 
sciences and engineering disciplines are critical in 
developing e�  cient catalysts, separation processes, 
high throughput systems and additives to maximise 
the e� ectiveness and e�  ciency of biofuels. Biofuels 
have great potential for reducing carbon emissions 
but it is vitally important that energy used in their 
production is minimised or derived from renewable 
resources.

Biofuels may provide fuel with di� erent 
chemical compositions and this situation is causing 
a lot of uncertainty both with the fuel producers 
and suppliers and vehicle manufacturers. � ere 
is genuine lack of knowledge of the potential 
implications of these new fuels becoming widely 
distributed through a supply chain which has 
been developed over many decades based on 
fossil fuels. As with many subjects the ability to 
characterise bio-fuels, particularly in mixtures 
with conventional fossil fuels, will be crucial. It 
is critical therefore that analytical methods and 
technologies are developed and shared on a global 
basis.

This symposium was intended to bring 
together key researchers and innovators active 
in the area of biomass conversion science to 
foster international scienti� c networks and 
collaborations. � e symposium was organized and 
co-sponsored by the Chemical Societies of Brazil, 
Japan and the UK - the countries with active 
research in this important area.

Brazilian researchers in this symposium spoke 
on the development of research in Brazil.

Among others the following INCT-E&A’s 
researchers were present: Prof. Dr. JailsonB. 
de Andrade (Coordinator of INCT E&A), Prof. 
Dr. Claudio J. A. Mota and Prof. Dr. Luiz P. 
Ramos. 

1 2 3

4 5 6

Poster Presentation: 1) Claudio J. A. Mota; 2) Jailson B. de Andrade and 3) Claudio J. A. Mota, Vanderlan Bolzani 
and Jailson B. de Andrade. Lecturers: 4) Claudio J. A. Mota; 5) Luiz P. Ramos and 6) Jailson B. de Andrade
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Courses organized with the inCt 
finnantial support as part of the of 
the 15th enQa - national Meeting 
on analytical Chemistry and 3 
CiaQa - iberoamerican Congress on 
analytical Chemistry programming 
(salvador - ba, 15 to 10/18/2009)
flow techniques and strategies for fluid 
handling
Dr. Maria Lúcia Saraiva
(Universidade do Porto, Portugal)

especiación element features: Current 
status future trends y
Dr. Yolanda Madrid
(Universidad Complutense, Spain)

Multidimensional Chromatography
Dr. Elina Bastos Caramão (UFRGS)

preparation of samples for determination 
of trace elements
Dr. Erico Marlon de Moraes Flores (UFSM)
Dr. Marcia Foster Mesko (UFPel)

biosensors
Dr. Lauro Tatsuo Kubota (UNICAMP)

atomic absorption spectrometry high-
resolution continuum source (hr-Cs aas) 
Dr. Bernhard Welz (UFSC)
Dr. Maria Goretti R. Vale (UFRGS)

Multivariate analysis
Dr. Maria Fernanda Pimentel (UFPE) 
Dr. Wallace Fragoso (UFPB)

special topics in atmospheric Chemistry
Dr. Vania Palmeira Campos (UFBA) 
Dr. Gisele Olimpio da Rocha (UFBA)

Courses organized as part of 
programming the 5th summer 
school in Chemistry
(salvador - ba, 22 to 2/25/2010)

Multivariate analysis (pCa, hCa) in 
applied environmental assessment 
results
Dr. Anderson Santos Souza (UFBA)

development of Methods in lC-Ms-Ms - 
an approach to theory and practice
Mr. Fabio Cremonini Boin (Varian)

free radicals and antioxidants
Dr. André Luis Silva Bacelar Barreiros (UFS)

panorama and production of Wines in san 
francisco valley
Prof. Fabio Lanner Lenk - Winemaker
(Instituto Federal do Sertão Pernambucano)

atomic spectrometry applied to 
environmental samples
Dr. Maria das Graças Andrade Korn (UFBA)
Dr. Walter Nei Lopes dos Santos (UNEB)

Qnint: using new technologies in the 
teaching of Chemistry
Dr. André Farias de Moura (UFSCar)
Dr. Guilherme Andrade Marson (USP)

anthropogenic impacts in the Coastal 
Zone
Dr. Vanessa Hatje (UFBA)

vehicle emissions and environmental 
impacts
Dr. Antonio Horacio Miguel
(California Environmental Protection Agency/ 
Air Resources Board - U.S.)

Chemical Synthesis: Ef�iciency and 
sustainability
Dr. Cunha Silvio do Desterro (UFBA),
Dr. Mauricio Moraes Victor (UFBA) and
Dr. Valeria Riatto Belli (UFBA)

leCtures at ConferenCes, 
seMinars and ConferenCes

symposium: “acreditação e Materiais 
de referência” in 15th enQa - national 
Meeting on analytical Chemistry and 
3 CiaQa - iberoamerican Congress on 
analytical Chemistry (salvador - ba, 15 to 
10/18/2009)
Prof. Maria das Graças A. Korn (IQ/UFBA) and 
MSc. Daniel de Castro Lima (IQ, UFBA)

Coordination of the section 
“Chemometrics” in the 15th enQa - national 
Meeting on analytical Chemistry and 
3 CiaQa - iberoamerican Congress on 
analytical Chemistry (salvador - ba, 15 to 
18/10/2009)
Prof. Dr. Marcos de Almeida Bezerra – UESB

Coordination section “analytical 
Chemistry applied to drug and drug 
abuse” in 15th enQa - national Meeting 
on analytical Chemistry and 3 CiaQa - 
iberoamerican Congress on analytical 
Chemistry (salvador - ba, 15 to 
10/18/2009)
Prof. Dr. Sivanildo da S. Borges, UFRB
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Coordination section “analytical 
Chemistry applied to food” at the 15th 

enQa - national Meeting on analytical 
Chemistry and 3 CiaQa - iberoamerican 
Congress on analytical Chemistry 
(salvador - ba, 15 to 10/18/2009)
Prof. Dr. Walter L. Nei dos Santos, UNEB

lecture “atomic absorption spectrometry 
for determination of Metals in food: 
strategies for increasing sensitivity” in the 
15th enQa - national Meeting on analytical 
Chemistry and 3 CiaQa - iberoamerican 
Congress on analytical Chemistry 
(salvador - ba, 15 to 18/10/2009 )
Prof. Dr. Valfredo Azevedo Lemos - UESB

lecture “Mechanization and sequences for 
calibration and titration” in the 15th enQa - 
national Meeting on analytical Chemistry 
and 3 CiaQa - iberoamerican Congress on 
analytical Chemistry (salvador - ba, 15 to 
10/18/2009)
Prof. Dr. Mauro Korn - UNEB

seminar at the department of physical 
Chemistry of the Chemistry institute 
of unicamp. “Chemical transformation 
of glycerol from biodiesel production.” 
Campinas.
Prof. Claudio Mota.

lecture Course on biodiesel: Collection 
and Quality analysis. Chemistry institute 
of ufrj. rio de janeiro
Prof. Claudio Mota

- guest speaker for the symposium on 
biofuels held during the 42nd Congress 
of the iupaC. “biofuels from glycerine.” 
glasgow, united Kingdom.
Prof. Claudio Mota

guest speaker for the 6th brazilian 
Conference of oilseed plants, fats 
and biodiesel. ‘utilization of glycerol 
production of biodiesel “. Montes Claros.
Prof. Claudio Mota

lecture at the 8th week in Chemistry at 
Unicamp. “Chemistry in the Oil Re�ining, 
natural gas Conversion and processing of 
biomass. Campinas.
Prof. Cláudio Mota

seminar at the department of 
biochemistry of the iQ-ufrj. “new 
products and processes from the glycerine 
from biodiesel production.” rio de janeiro.
Prof. Claudio Mota

lecture at the 10th latin american 
Conference on physical organic Chemistry. 
“Carbocations on surfaces: formation and 
stabilization of the Cation bicyclobutonium 
on Zeolites.” Florianópolis.
Prof. Claudio Mota

lecture at the third Congress of 
the brazilian biodiesel technology. 
“gliceroquímica”. brasilia.
Prof. Claudio Mota

seminar at the department of Chemistry, 
technical university of Munich. “new 
approaches for assessing the acid 
strength and carbocation formation on 
Zeolites.” Munich, Germany.
Prof. Claudio Mota

lecture at the symposium advances and 
perspectives of science in brazil, latin 
america and the Caribbean, organized by 
the brazilian academy of sciences. “energy 
and environment. Catalysis Conversion of 
biomass.” rio de janeiro.
Prof. Claudio Mota

guest speaker for the symposium on 
biofuels held during the 42nd Congress 
of the iupaC. “Current trends in biodiesel 
production using heterogeneous catalysts”, 
glasgow, united Kingdom.
Prof. Luiz P. Ramos.

guest speaker for the Conference: “r&d 
trends on biofuels in brazil With the focus 
on new biofuels technologies” in the 
german-brazilian Workshop on biodiesel 
and new biofuels. berlin, ge, (december 
2009).
Prof. Antonio Salvio Mangrich.

papers presented at 
ConferenCes

JESUS, A. C.; TAMARA S.; COSTA, A. Q.; ZMOZINSKI, 

A.; SILVA, M. M.; VALE, M. G. R. Determination 

of biodiesel quality parameters: quantifi cations 

of magnesium and calcium using microemulsion 

by F AAS. In: Colloquium of Analytical Atomic 

Spectroscopy (CANAS 2009), 2009, Freiberg. 

Programm Kurzfassungen der Beiträge. , 2009. 

p.69 – 70.



74  ANNUAL ACTIVITY REPORT 2009 — INCT-E&A

DAMIN, I. C. F.; DESSUY, M. B.; CASTILHOS, 

T. S.; SILVA, M. M.; VALE, M. G. R.; WELZ, B.; 
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Tenth Rio Symposium on Atomic Spectrometry, 

2008, Salvador. Book of Abstracts. Salvador, 

2008. p. 101.

ZMOZINSKI, A. V.; JESUS, A.; BARBARÁ, J. A.; 

SILVA, M. M.; VALE, M. G. R. Determinação de Ca, 

Mg, e Zn em óleo lubrifi cante por FAAS utilizando 
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Nacional de Química Analítica, 2009, Salvador-BA. 

CD Room do 15º Encontro Nacional de Química 

Analítica, 2009.

JESUS, A.; DAMIN, I.C.F.; CASTILHOS, T. S., 

SCARTAZZINI; R. B.; VALE, M.G.R.; WELZ, B., 

SILVA, M. M. Determinação direta de arsênio em 

amostras de petróleo por GF AAS. In: 15º Encontro 

Nacional de Química Analítica, 2009, Salvador 

- BA. CD Room do 15º Encontro Nacional de 

Química Analítica, 2009.

BECKER, E.; RAMPAZZO, R. T.; VALE, M. G. R.; 
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WELZ, BERNHARD. Desenvolvimento de métodos 
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In: 15º Encontro Nacional de Química Analítica, 

2009, Salvador - BA. CD Room do 15º Encontro 

Nacional de Química Analítica, 2009.

SILVA, M. M.; JESUS, A.; BARBARÁ, J. A.; 

ZMOZINSKI, A. V.; GOULART, L. Determinação de 
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microemulsões In: III Congresso da Rede Brasileira 

de Tecnologia de Biodiesel, 2009, Brasília-DF. Livro 

de Resumos do III Congresso da Rede Brasileira 

de Tecnologia de Biodiesel, 2009. p.181 – 182.

NUNES, L. S.; BARBOSA, J. T. P.; MOREIRA, F. R. A. 
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L. S. G. Determinação de Cu, Fe, Ni e Zn em 

óleo vegetal por Espectrometria de Absorção 
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In: 32a Reunião Anual da Sociedade Brasileira de 

Química, 2009, Fortaleza. Livro de Resumos. São 

Paulo: SBQ, 2009.  
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todos os santos baY:
a Multi and transdisCiplinarY studY

Coordination: Dr. Jailson B. De Andrade (UFBA)
Vice-coordination: Vanessa Hatje (UFBA) and Núbia M. Ribeiro (IFBA)

FAPESB Conv. 049/2008 (R$ 1869304.00; 2008-2012)

Todos os Santos Bay (BTS) is centered at 
12°50’S latitude and 38°38’W (Figure 1) longitude, 
and possesses a maximum width and length of 
32 km and 50 km, respectively. BTS is located 
in the vicinity of Salvador, the third largest 
metropolitan area of Brazil, and the home of the 
largest petrochemical complex in the southern 
hemisphere. Several anthropogenic activities 
in� uence the system’s environmental quality, such 
as the in� ux of domestic e�  uents, solid wastes, 
agriculture, industrial (chemicals, petrochemicals, 
smelters, etc.) and mining activities (CRA, 2008; 
Hatje and de Andrade, 2009; Hatje et al., 2010). 
As a result, relatively high concentrations of trace 
elements and hydrocarbons (HPAs) are observed 
in marine invertebrates (Wallner-Kersanach et al., 
2000; CRA, 2004; Amado Filho et al., 2008; Santil 
et al., 2010; Hatje et al., 2009), sediments (CRA, 
2004; Venturini et al., 2004; Hatje et al., 2006, 

Barros et al., 2008; Venturini et al; 2008; Hatje 
et al., 2009; Hatje et al., 2010), and atmospheric 
particles (Pereira et al., 2007; da Rocha et al., 2009), 
especially in the northern region.  

� e Paraguaçu, Subaé and Jaguaripe River 
(Figure 1) are the three main tributaries of the BTS. 
� e catchment of the Paraguaçu River is 56,300 
km2, and downstream of the Pedra do Cavalo Dam, 
Paraguaçu presents an average discharge of 64 m3 
s-1 (Genz, 2006). Maximum � ows are observed 
in summer months, especially in December and 
January. � e other two main catchments of the 
BTS are the Jaguaripe (2,200 km2) and Subaé 
River (600 km2). � e maximum discharge of the 
Jaguaripe  and  Subaé River occurs in June (winter), 
where a mean monthly discharge of 28 m3s-1 and 
9 m3s-1 is observed, respectively (Cirano and 
Lessa, 2007).  Despite the social, economic and 
artistic importance of the region, there are only a 

Figure 1. Todos os Santos Bay, Bahia, Brazil.
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limited number of publications in the international 
literature. � e number of studies is small, not only 
regarding the oceanographic aspects of the bay, and 
the � uxes of organic and inorganic contaminants 
at the interfaces continent-ocean-atmosphere, 
but also about the biodiversity, the potential use 
of biota as environmental biomarkers and/or its 
pharmaceutical and biotechnological applications. 
Not to mention the artistic potentiabilities of the 
people and the region itself, which are unlimited in 
the most diverse areas, including music, traditional 
dances, religious and cultural manifestations.

� e main objective of this project is to 
study Todos os Santos Bay, in a multi and 
transdisciplinary way, constructing a long term 
database of the oceanography, biodiversity, human 
sciences and arts, practiced in the area, in order 
to contribute to the sustainable management of 
the BTS, especially, concerning the environmental 
and human quality of life. 

� is project is based on the articulation of 
four main research groups: Education, Arts, 
Oceanography and Natural Resources and 
Biodiversity. Groups share laboratory facilities and 
� eld work gear/instruments, work under the same 
sampling/preservation protocols, and synchronize 
� eld work activities to favors spatial and temporal 

data compatibility, as well as, economy thorough 
the project. Six workshops already occured, to 
discuss the management of the project, research 
articulations and presentation of the partial 
results. Data generated during the projects and 
these workshops are used to compose a long term 
database to be available at Institute Kirimurê 
(www.btsinstitutokirimure.u� a.br).  

It is expected that this Project generates a 
solid knowledge about the spatial and temporal 
distribution of fauna, � ora, and contaminants, 
as well as, � uxes between interfaces of Todos 
os Santos Bay. � e results are to be published in 
conferences, international journals and at the 
webpage www.btsinstitutokirimure.u� a.br. � e 
participation of students from several areas, such 
as biology, chemistry, oceanography, arts, etc, 
at all levels (undergrad, graduated, postdoctoral 
and technical courses), is an innovation of this 
study and it is strongly supported by the project. 
Moreover the knowledge generated will provide 
a substantial amount of information to support 
the work of environmental agencies and decision 
makers in the management and preservation of the 
area and its population.

For references see www.institutokirimure.u� a.br

Gal Meirelles
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