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We are launching BrJAC – Brazilian Journal of Analytical Chemistry to open a 
discussion about the real role of the Analytical Chemistry for the development of 
the country and bring the improvement of the life quality.

BrJAC  is an Analytical Chemistry journal whose goal is to debate, discuss, 
show trends and needs with opinion editorials and interviews with renowned 
investigators, besides publishing scientific papers from the academic and industry, 
fulfilling the idealistic purpose of a group of people to achieve actual academic-
industrial integration towards innovation and technical-scientific development.

BrJAC  arises in a very important moment when technological innovation 
assumes an increasingly bigger role in public policies planning and the business, 
signaling that both the government and the business community are already get-
ting uncomfortable with Brazil’s position of 42nd in a 48 countries ranking, ahead 
of Mexico, South Africa, Argentina, India, Latvia and Romania only, according to 
the study by OECD – the Organization for Economic Cooperation and Develop-
ment – published in November 2009.

Also, according to IEDI – Institute for Industrial Development Studies – 
among the 4.4 million companies operating in Brazil, only 30 thousand declare 
themselves innovative and only 6 thousand perform research and develop-
ment activities.

It seems that finally both the government and the business community are 
convinced that the moment is crucial needing the investment in innovation, to 
face the challenge of changing this scenario and accelerate the growth and devel-
opment of our Country.

It is “sine qua non” to create consciousness of improving the employment 
of PhD by enterprises, to be the only way to increase the number of companies 
which might be considered ahead of innovation. More than the enterprises work-
ing side by side with the universities, it is very important to bring high level profes-
sionals not only to be employed directly by the industries, but also able to create 
new technological based companies. 

Nowadays in Brazil more than 80% of the students getting their PhD remain at 
the academic environment (Universia Brasil, 2009), while in developed countries 
the ratio is just the opposite. Thus, the challenge is to change this scenario and 
BrJAC is being developed to be a medium, which is willing to collaborate with 
this work through disclosure of discussions, needs, tendencies and opinions.

Now, it is our responsibility to create conditions for BrJAC to fulfill its role of 
a journal specialized in Analytical Chemistry, with efficacy and fidelity to our pur-
poses. So, you can submit your papers, needs, opinions and appraisal for publish-
ing according to the Publication Rules included in this issue.

If, like us, you dream about a strong Analytical Chemistry and real aca-
demic-industrial integration, join to this project. It will be a pleasure to have 
you with us.

Professor Lauro Tatsuo Kubota
Editor-in-chief

 Editorial
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It is with great enthusiasm that I greet the release of the Brazilian Journal 
of Analytical Chemistry (BrJAC). This journal, a pioneer in Latin America, is 
further evidence of strength and dynamism of Brazilian Science, that every day 
reverses historical trends and puts Brazil today in the center of attention and 
in a increasingly position of a greater highlights and leadership in C&T. Not 
only in the production of Science and Technology in first rate, but now also 
in the scientific publication, through a growing number of journals indexed, 
well-structured and directed the audience, in concrete action for integration 
and development. 

BrJAC also shows the unrest that the Analytical Chemistry in Brazil lives, 
and his increasingly pronounced ability to produce techniques and analytical 
methods, innovative and efficient, which shows not only the academic 
interest but practical utility and direct in various branches of the Brazilian 
industry and its laboratories of chemical, biochemical, clinical, forensic, food, 
pharmaceuticals, among many other. 

BrJAC arises, then, in right time, striving to be another mean of 
international disclosure of our science, also try to encourage the academy-
industry integration increasingly strong in Brazil. BrJAC will endeavor to boost 
this integration and put new scientific information and the analytic needs of 
the national industry and laboratories in direct mutual communication and 
analysis, and the natural exchange projects and personal ideas. 

We invite everyone, therefore, to participate in this great task, to make 
BrJAC a reference in Analytical Chemistry in Brazil and abroad, and a 
facilitator vehicle of a greater integration, which will certainly lead to a further 
development of our science and our Industry.

BrJAC, success and very welcome!

Prof. Dr. Marcos Nogueira Eberlin
President IMSF, Vice-President BrMASS

Coordinator ThoMSon Mass Spectrometry Laboratory
Institute of Chemistry 

UNICAMP - State University of Campinas

This section is reserved for you to send comments, suggestions or reviews 
about the articles or published reports by BrJAC. You may also submit com-
ments on issues related to the Analytical Chemistry in Brazil and abroad. Join 
us in this project! Be part of that!

 Letters
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Is it possible to define Analytical Chemistry?
No. Overall, Analytical Chemistry is the development and application of meth-
ods for determination of organic and inorganic constituents of samples. I use 
the word determination because it may be qualitative or quantitative, but this 
is what differentiates analytical chemists from physical chemists whose main 
function is to develop equipment.

A look at Analytical Chemistry

The first impression of Professor Carol Hollingworth Collins is that of a person 
in love with Analytical Chemistry. And the last impression, too. Her academic 
and professional background – as wide as her passion – developed during 
50 years of work in the United States, Belgium, Taiwan, the Philippines, and 
Indonesia. She settled in Brazil in 1974, the year she came to State University 
of Campinas to work in Radiochemistry. She became a Brazilian citizen and a 
full professor of Analytical Chemistry at Unicamp Chemical Institute, a posi-
tion she held until her retirement. “Retired, but not inactive,” she hastens 
to say. Currently, she dedicates most of her time correcting and translating 
to English over 200 articles every year written by her Chemistry Institute 
colleagues, for publication in journals indexed abroad. During this interview 
she recalls a little of the history of Analytical Chemistry and talks about the 
future trends of this science.

 Interview

Professor Carol Hollingworth Collins, in her office at State University of Campinas: more than 200 articles corrected per year
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When did the first researches in this area begin?
Analytical Chemistry was virtually the first science 
within the wide Chemistry area, obviously not with 
that name. It was born with the alchemists around 
1600, with the beginning of the first pharmaceuti-
cal formulas which mixed natural products. From 
these products originated the first medical drugs, 
extracted from plants and, sometimes, even from 
inorganic matter. In reality, it started as a branch of 
Organic Chemistry which we can define today as 
Analytical Chemistry.

When did the greatest advance start occurring?
No doubt since the 1950s. The number of procedures 
employed in Analytical Chemistry determinations 
increased more than tenfold in comparison with the 
previous period. I used the first spectrophotometer 
purchased by my university in the US in 1951, during 
the last year of my Bachelor´s degree. The equipment 
already existed before that, although not in small 
universities. But the development did not occur in 
Chemistry only, but in all areas, as a function of the 
advance in the computing area. For instance: com-
puters, which were initially built during the 1940s 
for military applications, were restricted to govern-
ment labs in the Soviet Union, the US and Europe 
and occupied entire rooms. When we received the 
first mass spectrometer at Unicamp, it came coupled 
to a minicomputer the size of a counter. So, I would 
say that the greatest advance was in this field, since 
today you only have to turn a computer on and it 
will do the readings you need.

Don’t you believe in man’s increasing dependence 
on machine?
Any researcher sees these technologies literally as 
a means to help them make their projects real. 
Today there is less human influence on processes, 
which is positive since there are fewer errors, but 
it is important to say that human participation 
is essential for data analysis and interpretation. 
A very well trained, experienced professional is 
necessary to develop the programs that allow us 
to correctly interpret the data. A sharp mind is 
required to benefit most from the technology in 
order to improve results in any area, be it Analyti-
cal Chemistry, Medicine, Engineering and so on. 
The computer provides the results, but the cor-
rect application of these results depends on the 
mastery of man over the tool he uses day by day. 

Interview

In the academic environment this dependence is 
a little lower than in the industrial sector, where 
processes are more automated.

Which event do you deem was most relevant?
In the chromatography area, where I now work, I 
believe it was the acceptance, in 1930, by organic 
chemists, that Chromatography does work. In 
1906, a Russian botanist, Michael Tswett, published 
several papers describing a process he employed to 
separate organic compounds extracted from plants. 
The chemists did not accept his theory, saying that 
what he did was Biology, not Chemistry; however, 
his findings were very important, and were finally 
accepted by organic chemists during the 1930´s. 
By the end of the 1930s, inorganic separations had 
begun, mainly for isolation of the rare earth ele-
ments and, later, of uranium and occasionally plu-
tonium. Then the study of chromatography in the 
separation by adsorption of organic compounds, as 
well as ion exchange chromatography for the sep-
aration of inorganic compounds, allowed a huge 
leap in research.

Carol Hollingworth Collins lives in Brazil since 1974
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Concerning professionals, is the academic 
formation appropriate?
Undergraduate training is relatively standardized all 
over the world and involves qualitative and quan-
titative evaluation and use of the various instru-
ments available. At the graduate level, Analytical 
Chemistry is so diversified that a generic evaluation 
would be hard to make. Also, there is an aggravat-
ing problem: no dialogue exists among research-
ers and few know what is being 
done in the different research 
lines. An electrochemist does not 
talk like someone who studies 
spectrophotometry; and when 
one talks about spectrophotom-
etry the studies are quite diverse, 
from UV and visible spectrphot-
metry, through the infra-red 
region, then atomic absorption 
and ICP systems. We also have 
mass spectrometry, which stud-
ies organic compounds, whose 
researchers do not dialogue with those who do 
ICP, who study inorganic compounds. A good 
example is right in the room next door from where 
we are talking now: those working in the liquid 
chromatography lab do not allow access to those 
working in the gas chromatography lab for fear 
that they will push the wrong button (laughs) and 
vice versa.

Is the number of graduate programs 
satisfactory?
In 1981 we had the first Brazilian meeting on 
Analytical Chemistry in Rio de Janeiro. At that 
time only six universities had graduate programs 
– two for Master’s degree and four with Master’s 
and Doctor’s degrees. Today there are more than 
40 graduate programs in Brazilian Universities. 
It is an in impressive advance, more than in any 
other area of Chemistry and presents an inter-
esting contrast to the U.S. and Europe, where 
Analytical Chemistry is subsumed into Physical 
Chemistry or Organic Chemistry, with very few 
graduate programs offering degrees in Analytical 
Chemistry, which I view as a great mistake.

Is there integration between the academic sector 
and the industrial sector?
The barrier between academics and industry has 
always been huge. In the United States, for exam-

ple, rarely does the industry interact with academ-
ics, although this is better than in the past, since 
the sources of public sector resources are decreas-
ing, making American universities and companies 
feel the need to approach each other. In Brazil, 
where public financing still meets the most of the 
demand, university-level research depends on pub-
lic resources and there is not too much interest in 
approaching industry. Also, there is a cultural issue 

with Brazilian scientists, who 
see this relationship as some-
what unethical. There are a few 
joint projects, but contact is still 
very slight. I think that higher 
integration would be beneficial 
to all of us.

Which is the preferred profile 
of professionals in industry?
That depends on its needs. The 
industry will often hire people 
with a bachelor’s degree to 

receive specific training on a given equipment; 
however, for other more complex activities, such 
as chromatography or ICP, companies prefer 
specialists with master’s and doctor’s degrees, 
since most of them have practical experience in 
the different types and brands of equipment in 
the market. This is usually a differential at the 
time of hiring.

In your opinion, what change is needed to 
make the future of Analytical Chemistry more 
promising?
I would like to see Analytical Chemistry less vul-
nerable to influences that I consider negative, 
such as immediacy, for instance. We live in an 
instant world that requires immediate application 
for everything. The time to complete a master’s 
degree is two years, and a little more generous 
to complete a doctor’s degree, which is three 
to four years. We need to have a project with 
immediate answers, and most research institutes 
require that their researchers and their graduate 
students publish partial results of their work dur-
ing its development. Also, there is a generalized 
hurry, sometimes even a requirement, to publish 
before defending a master’s or doctor’s thesis. I 
would like to see things being done more calmly. 
I see research lines as a building, where each 
researcher adds a brick to improve it.

Interview

I would like to see 
Analytical Chemistry less 
vulnerable to influences 
that I consider negative, 

such as immediacy, for 
instance. I would like 

to see things being done 
more calmly.
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Chlorine determination in crude oil fractions after 
digestion using microwave-induced combustion

*Corresponding author: 
Phone/Fax: +55 55 3220 
9445, 
flores@quimica.ufsm.br

Abstract
In this study, a procedure for chlorine determination by ion chromatography (IC) in 
crude oil fractions (atmospheric distillation residue and gas oil) was proposed after di-
gestion using microwave-induced combustion (MIC). The proposed procedure by MIC 
was performed in closed quartz vessels under oxygen pressure (20 bar) and using 50 
µl of 6 mol l-1 NH4NO3 for the ignition step. Some parameters of the combustion pro-
cess were evaluated, as the kind and the suitability of the absorbing solution (H2O, 
(NH4)2CO3 and NH4OH), oxygen pressure and sample mass. Certified reference materials 
(CRM) and spiked samples were used to evaluate the accuracy. The agreement using 
CRM was higher than 97% and the recoveries using reflux step were in the range of 98 
to 102% using 25 mmol-1 NH4OH as absorbing solution. For results comparison, Cl was 
also determined by ICP-MS and no statistical difference was observed in comparison 
with results obtained by IC. The limit of detection (LOD, 3σ) for Cl obtained by IC and 
ICP-MS was 1.2 and 6.6 µg g-1, respectively. The residual carbon content in digests ob-
tained after MIC procedure was lower than 1%. Using the proposed procedure sample 
digestion was complete in less than 30 min and up to eight samples could be digested 
that is an important aspect for routine analysis. 

Keywords: chlorine, microwave-induced combustion, atmospheric residue, gas oil, 
crude oil fractions.

1. Introduction
Crude oil is composed of a mixture of hydrocarbons 

with a variable amount of sulfur, nitrogen, oxygen, 
metals, water and salt (generally as NaCl).[1,2] In or-
der to obtain petroleum fractions with higher commer-
cial value, as kerosene, diesel and fuel oils, crude oil 
is distilled. However, crude oil must contain a low salt 
concentration, in general lower than 50 mg l-1 to allow 
its use in refineries.[3] Even after treatment for salt re-
moval before the refining process, variable amounts of 
salt commonly remains in treated crude oil increasing 
the risk of corrosion during processing and also result-
ing in changes of quality for some products, as petro-
leum coke, atmospheric and vacuum residue of crude 
oil distillation. Therefore, the determination of chlorine 
must be performed in routine analysis in crude oil refin-
ing products due to their important role on the quality 
of crude oil.[4,5]  

The gas oil fraction could be obtained from atmo-
spheric and vacuum distillation units (atmospheric and 

vacuum gas oil, respectively).[4] The main use of gas oil 
is as fuel for diesel engines and as feedstock for craking 
and hydrocracking units. After atmospheric distillation, 
a residue is obtained (commonly named as atmospheric 
residue, RAT) and it is normally used as feed to the vac-
uum distillation unit, catalytic cracking or steam crack-
ing process.[2,4] 

The processing of crude oil residues has gained inter-
est due to depletion of the light crude oils reserves. Heavy 
crude oils yield more high-boiling temperature residues, 
such as atmospheric and vacuum residues, which need to 
be refined to yield better commercial value of products.
[6] In this sense, heavier fractions of crude oil, as RAT and 
gas oil, are now being explored as potential feedstock 
for conversion process in petroleum industry and for this 
purpose it is necessary to control the presence of impuri-
ties in this kind of material, especially chlorine.[1,7] On 
the other hand, literature data are very scarce concerning 
the atmospheric residue or gas oil digestion for further 
chlorine determination. There are only few works related 

Juliana Severo Fagundes Pereiraa, Diogo Pompéu de Moraesa, Edson Irineu Mullera, Juliano Smanioto Barina, Liange de Oliveira 
Diehla, Márcia Foster Meskob, Valderi Luiz Dresslera, Érico Marlon de Moraes Floresa,* 

a) Department of Chemistry , Universidade Federal de Santa Maria, 97105-900, Santa Maria, RS, Brazil
b) Chemistry and Geoscience Institute, Universidade Federal de Pelotas, 96010-610, Pelotas, RS, Brazil
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to characterization or other analytes determination in gas 
oil, as S, Ni and V [8-10] and crude oil fractions [11-13]. 
However, chlorine determination in this kind of samples 
was not currently described in literature. 

Significant improvement has been achieved in sample 
digestion techniques over the last years mainly due to the 
development of microwave-assisted digestion in pressur-
ized vessels.[14,15] The use of conventional techniques 
based on microwave-assisted acid digestion presents 
some drawbacks for some matrices despite the spread 
and successful application to many other samples. In gen-
eral, the relatively high stability of some organic materials 
(as, e.g., crude oil fractions) impairs an efficient and com-
plete digestion.[16] In addition, the use of concentrated 
acids presents some problems for further chlorine deter-
mination, as possible analyte losses even using closed ves-
sels for sample digestion [17,18] and interferences in the 
determination step by ion chromatography (IC).[19-21] 

In this sense, microwave-induced combustion (MIC) 
was proposed in the last years for organic samples di-
gestion based on the sample combustion in closed ves-
sels pressurized with oxygen after ignition by microwave 
radiation. After combustion, analytes can be absorbed 
in a suitable solution.[16] This method was successfully 
applied for decomposition of biological samples [22], 
elastomers [23,24], carbon nanotubes [25] and fossil 
fuel samples, as coal [26], petroleum coke [27,28], heavy 
crude oil [17,29] and its derivates [10,30] using diluted 
solutions for most of applications. Concerning halogens 
determination, alkaline media or even water could be 
used as absorbing solution with good recoveries.[27,29]

In this work, microwave-induced combustion is pro-
posed for the first time for atmospheric residue and gas 
oil digestion for further chlorine determination by IC. 
For results comparison, Cl determination was also per-
formed by inductively coupled plasma mass spectrom-
etry (ICP-MS). Parameters related to the influence of 
sample mass, maximum pressure achieved during the 
combustion process and oxygen pressure were inves-
tigated. The type (H2O, (NH4)2CO3 and NH4OH) and the 
concentration of absorbing solutions were also inves-
tigated. As no certified reference materials (CRM) are 
available for chlorine in a similar matrix, a CRM of cok-
ing coal and fuel oil were used to evaluate the accuracy 
and spiked samples were also performed. 

2. Experimental
2.1. Instrumentation
A multiwave 3000 microwave sample preparation sys-

tem [31] equipped with high pressure quartz vessels was 
used for MIC procedure. The vessels have internal volume 
of 80 ml and they support maximum pressure and tem-
perature of 80 bar and 280 ºC, respectively. The software 
version was changed to v1.27-Synt to run with a maxi-
mum pressure rate of 3 bar s-1 during the digestion.

An ion chromatographic system (Metrohm, Herisau, 
Switzerland) equipped with a pump (IC liquid handling 
unit), compact autosampler (model 813) and conduc-
tivity detector (model 819) was used for chlorine deter-
mination using a Metrosep A Supp 5 column (150 x 4 
mm i. d.) composed by polyvinyl alcohol with quater-
nary ammonium groups and with particle size of 5 µm 
and a guard column (Metrosep A Supp 4/5 Guard) with 
the same packing material and particle size of analytical 
column. The operational conditions were set according 
to previous work [27] and are shown in Table I.

For results comparison, an inductively coupled plas-
ma mass spectrometer (PerkinElmer-SCIEX, Model Elan 
DRC II, Thornhill, Canada) equipped with a concentric 
nebulizer (Meinhard Associates, Golden, USA), a baf-
fled cyclonic spray chamber (Glass Expansion, Inc., West 
Merbourne, Australia) and a quartz torch with a quartz 
injector tube (2 mm i.d.) was used for the determina-
tion of Cl. Argon 99.996% (White Martins - Praxair, São 
Paulo, Brazil) was used for plasma generation, nebuli-
zation and auxiliary gas. Instrumental performance op-
timization, including nebulizer gas flow rate, RF power 
and ion lens voltage, was performed and operational 
conditions were set according previous work.[26] The 
operational conditions for Cl determination by ICP-MS 
are also shown in Table I.

Table I: Operational conditions of CI determination by IC and ICP-MS

Residual carbon content determination in digests ob-
tained by MIC was carried out in a model Spectro Ciros 
CCD simultaneous spectrometer with axial view config-
uration.[32] Plasma operating conditions and selected 
wavelength are described in reference [26]. 

2.2. Reagents and sample preparation
All reagents used were of analytical grade. Purified 

water with a Milli-Q system (18.2 MΩ cm, Millipore, 
Billerica, USA) was used to prepare the mobile phase, 
reagents and standards. Ammonium nitrate was dis-

Moraes Flores EM et al
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solved in water and this solution was used as igniter 
for MIC procedure. Small discs of paper (15 mm of di-
ameter, about 12 mg) with low ash content (Black Rib-
bon Ashless, Schleicher and Schuell, Dassel, Germany) 
were used for ignition step and to aid the combustion 
process. Ammonium nitrate solution (6 mol l-1) was also 
used to aid the combustion process and it was prepared 
by salt dissolution in water. The paper was previously 
cleaned with ethanol and water for 30 min in an ul-
trasonic bath. Commercial polyethylene films (thick-
ness 0.02 mm, 10 mg), used to wrap the samples were 
cleaned in the same way of paper. In addition, the pa-
per, polyethylene and all the glass materials used were 
washed with hot water before using.  

Absorbing solutions of (NH4)2CO3 (10 to 100 mmol 
l-1) were prepared before use by the correspondent 
salt dissolution in water (Merck). Ammonium hydrox-
ide (10 to 100 mmol l-1) solutions were prepared after 
dilution of commercial reagent (25%, m/m, Merck) 
in water. 

The accuracy of the proposed procedure was evalu-
ated using spikes and also analysis of CRM provided by 
IRMM BCR 181 (Coking coal) and by NIST SRM 1634c 
(Trace elements in residual fuel oil). Sodium carbonate 
and NaHCO3 were used to prepare the mobile phase 
and H2SO4 solution for suppression column regenera-
tion. Stock standard solution of chlorine was prepared 
by dissolving sodium chloride in water. The standard 
solutions were prepared by sequential dilution of stock 
solution in water. 

Atmospheric residue samples were heat up in an 
oven at 100 ºC for 1 h. The gas oil samples were used 
at room temperature. The samples were wrapped in 
polyethylene films and sealed under heat as described 
in previous work.[17]

2.3. Microwave-induced combustion
Microwave-induced combustion was performed us-

ing sample masses of RAT and gas oil in the range of 
100 to 500 mg. Sample and a small disc of filter paper 
were positioned in the quartz holder and 50 µl of 6 
mol l-1 ammonium nitrate solution were added to the 
paper. The quartz holder was placed inside the quartz 
vessel, previously charged with 6 ml of absorbing solu-
tion. Vessels were pressurized with oxygen at 20 bar 
for 1 min. The rotor with vessels was placed inside the 
microwave cavity and the microwave heating program 
was started. The microwave heating program used was 
1400 W for 5 min and 0 W for 20 min (cooling step). 
After the end of the irradiation program, the pressure 
of each vessel was released and the resultant solutions 
were transferred to polypropylene vessels and diluted 
with water to 30 ml for further analysis. After each run, 
holders were soaked in concentrated HNO3 for 10 min 
followed by rinsing with water. 

3. Results and discussion 
3.1. Evaluation of the operational conditions of the 

combustion process
According to previous works using MIC to digest sam-

ples of organic matrix similar to RAT and gas oil [17,30], 
the use of 20 bar of oxygen was suitable to obtain a 
complete combustion with no apparent residues. It is im-
portant to notice that for less viscous samples, such as 
gas oil, the operational conditions of digestion by MIC 
were not investigated in previous works.[17,30] There-
fore, an initial study was performed in order to evaluate 
the operational conditions of the combustion processes 
for RAT and gas oil digestion. It is important to point out 
that as a similar way for light crude oil [29], it was neces-
sary to use higher amounts of polyethylene to wrap the 
gas oil samples due to their lower viscosity. 

Initial studies were performed in order to evaluate 
the behavior of RAT and gas oil digestion by MIC and to 
check possible risks of explosion. It was observed that a 
complete and stable combustion always occurred when 
20 bar of O2 using 100 mg of sample. In view of this, 
further studies were performed using 20 bar of oxygen 
and sample masses ranging from 100 to 500 mg. It was 
observed that using 100 mg of RAT and gas oil, the 
maximum pressure achieved was about 28 bar and even 
using sample masses up to 500 mg, the maximum pres-
sure achieved during combustion was lower than 60% 
of the maximum pressure recommended by the manu-
facturer. Therefore, MIC digestion for RAT and gas oil 
samples was performed using 20 bar of oxygen and 500 
mg of sample. Under these conditions, sample combus-
tion started about 6 s after the microwave irradiation, 
the combustion time was about 25 s and the tempera-
ture achieved was always higher than 1400 ºC. This high 
temperature assured a complete decomposition of or-
ganic matrix minimizing the RCC in digests. 

3.2. Influence of absorbing solution
The choice of absorbing solution is extremely im-

portant in order to achieve good analyte recoveries 
and it must be compatible with the determination 
technique.[16] In general, for halogens absorption, 
concentrated acid solutions could cause risks of ana-
lyte losses by volatilization and also interferences in 
the determination step could be observed. In addition, 
literature data recommend the use of water or alka-
line solutions for further halogens determination after 
digestion by MIC for different matrices, as coal [26], 
petroleum coke [27] and heavy crude oils [17]. In this 
sense, tests were carried out using water, (NH4)2CO3 
(10, 25, 50 or 100 mmol l-1) and NH4OH (10, 25, 50 or 
100 mmol l-1) as absorbing solution with reflux step. 
Spike recoveries were evaluated for each absorbing 
solution for Cl determination as shown in Figure 1. 
This study was performed using RAT sample.
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Figure 1. Influence of absorbing solutions for Cl determination using 
H2O, (NH4)2CO3 and NH4OH (10, 25, 50 to 100 mmol l-1) with reflux 
step. Determination by IC; error bars are the standard deviation, n = 
3)

Recoveries better than 98% were obtained for Cl us-
ing a reflux step after the combustion using water, 
(NH4)2CO3 and NH4OH solutions for all concentrations 
studied (exceptionally for 10 mmol-1 NH4OH, Cl recov-
ery was about 90%). Relative standard deviation (RSD) 
values for MIC with reflux were lower than 3%, how-
ever using water RSD values were higher. Taking into 
account that diluted NH4OH is a suitable solution for 
IC and ICP-MS, a 25 mmol l-1 NH4OH solution was ar-
bitrarily selected for further Cl determination allowing 
quantitative recoveries for Cl. Blanks for Cl using 25 
mmol l-1 NH4OH were always lower than 25 µg l-1.

3.3. Chlorine determination in atmospheric residue 
and gas oil samples after MIC

After RAT and gas oil samples digestion, the resul-
tant solutions were analyzed by IC and also by ICP-MS 
and results are shown in Table II.

Table II. Chlorine concentration in atmospheric residue and gas oil 
samples after MIC digestion

The concentration of chlorine in RAT samples varied 
from 8 to 4050 µg g-1. In general, Cl concentration in 

gas oil samples was lower than the LODs obtained by IC 
and also by ICP-MS, with the exception for gas oil sam-
ples 1 and 2. No statistical difference (t-test, confidence 
level of 95%) was observed between results obtained 
using IC and ICP-MS. The limit of detection (LOD) for Cl 
by IC and ICP-MS was 1.2 µg g-1 and 6.6 µg g-1, respec-
tively. A typical chromatogram obtained by IC for Cl 
determination in RAT sample is shown in Figure 2. 

Figure 2. Chromatogram obtained after MIC digestion of RAT: (1) sys-
tem peak, (2) chlorine, (3) nitrate and (4) sulfate.

The retention time for Cl was about 5 min and other 
signals, correspondent to nitrate and sulfate, were also 
observed in the chromatogram. This fact could be ex-
plained since these types of samples generally contain 
high sulfur concentration, as also described in literature.
[10] In addition, the high nitrate concentration could 
be explained by the addition of ammonium nitrate as 
igniter and also due to the cleaning step of the vessels 
that is performed using nitric acid. However, despite 
the presence of these ions in digests, no interference 
on Cl signals was observed.

In order to check the accuracy, MIC was applied for 
CRMs of coking coal and fuel oil. After digestion, Cl 
was determined by IC and ICP-MS. Results are also 
shown in Table 2. No statistical difference (t-test, con-
fidence level of 95%) was observed for Cl concen-
tration obtained by IC and ICP-MS. In addition, the 
agreement with the certified value was better than 
97% for Cl in all the evaluated CRMs. 

3.5. Residual carbon content
The efficiency of the sample decomposition by MIC 

was evaluated by the residual carbon content (RCC) de-
termination in digests. In this work, RCC was evaluated 
in samples digested by MIC following the procedure 
reported in previous work [26]. Residual carbon con-
tent were always below 1% for atmospheric and gas 
oil digests obtained by MIC due to high temperature 
reached (about 1400 ºC) during the combustion. In this 
condition practically all the organic compounds could 
be completely decomposed. 
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4. Conclusions
The proposed procedure by MIC was suitable for RAT 

and gas oil digestion for further Cl determination by IC. 
It was possible to use a diluted medium (25 mmol l-1 
NH4OH solution) to obtain quantitative recoveries for 
Cl using a reflux step after the combustion. In addition, 
digests obtained by MIC were suitable also for deter-
mination by ICP-MS. The results obtained for different 
CRMs under the selected conditions were in agreement 
with certified values. The proposed MIC procedure al-
lows the combustion of relatively high sample mass 
(500 mg) without exceeding 60% of the maximum op-
erating pressure (80 bar), combining good performance 
for atmospheric and gas oil digestion, safety and rela-
tively high sample throughput. Therefore, based on its 
particular characteristic, MIC combined to IC or ICP-MS 
determination can be proposed for chlorine determi-
nation in RAT and gas oil samples complying with the 
recent requirements of crude oil industry. 

5. Acknowledgements
The authors are grateful to Fapergs, CNPq and 

CAPES for supporting this study and also to CENPES/
PETROBRAS S. A. for supporting and donation of the 
samples. The authors also thank to Metrohm AG (Swit-
zerland and partner in Brazil) for IC support and to Dr. 
Marco Aurélio Zezzi Arruda (UNICAMP) for lending the 
infrared thermometer.

6. References
Speight, J. G. 1.	 Handbook of Petroleum Analysis; New Jer-
sey: John Wiley & Sons, 2001, pp. 519.
Matar, S. 2.	 Chemistry of Petrochemical Processes; Texas: Gulf 
Publishing Company, 2000, pp. 392.
Xu, X.; Yang, J., Gao, J.; 3.	 Petrol. Sci. Technol., 2006, 24, 
673.
Speight, J. G. 4.	 Handbook of Petroleum Product Analysis; 
New Jersey: John Wiley & Sons, 2002, pp. 454.
Jayaraman, A.; Saxena, R. C.; 5.	 Corros. Prevent. Contr., 
1995, 42, 123.
Ahmaruzzaman, M.;  Sharma, D. K.; 6.	 Energy Fuels, 2007, 
21, 891.
Sharma, B. K.;  Sarowha, S. L. S.;  Bhagat, S. D.; Tiwari, R. 7.	
K.; Gupta,S. K.; Venkataramani, P. S.; Petrol. Sci. Technol., 
1999, 17, 319.
Maciel, R.; Batistella, C. B.; Sbaite, P.; Winter, A.; Vascon-8.	
celos, C. J. G.; Maciel, M. R. W.; Gomes, A.; Medina, L.; 
Kunert, R.; Petrol. Sci. Technol., 2006, 24, 275.
Ostermannn, M.; Berglund, M.; Taylor, P. D. P.; 9.	 J. Anal. At. 
Spectrom., 2002, 17, 1368.
Mello, P. A.; Pereira, J. S. F.; Moraes, D. P.; Dressler, V. L.; 10.	
Flores, E. M. M.; Knapp, G.; J. Anal. At. Spectrom., 2009, 
24, 911.
Bressani, F. A.; Silva, H. O.; Nóbrega, J. A.; Costa, L. M.; 11.	
Nogueira, A. R. A.; Quím. Nova, 2006, 29, 1210. 
Dos Santos, D. S. S.; Teixeira, A. P.; Barbosa, J. T. P.; Ferreira, 12.	

S. L. C.; Korn, M. D. A.; Teixeira, L. S. G.; Spectrochim. Acta 
Part B, 2007, 62, 1072.
Santelli, R. E.; Oliveira, E. P.; De Carvalho, M. D. B.; Bezerra, 13.	
M. A.; Freire, A. S.; Spectrochim. Acta Part B, 2008, 63, 
800.
Nogueira, A. R. A.; Moraes, D. P.; Flores. E. M. M.; Krug, F. 14.	
J.; Knapp, G,; Nóbrega, J. A.; Barin, J. S.; Mesko, M. F. De-
composições Assistidas por Radiação Microondas in: Krug, 
F. J. (Ed.) Métodos de Preparo de Amostras – Fundamentos 
sobre Preparo de Amostras orgânicas e inorgânicas para 
análise elementar; Piracicaba: Seção Técnica de Biblioteca 
– CENA/USP, 2008, pp. 276-325.
Trevisan, L. C.; Donati, J. L.; Araujo, A. R. 15.	 Microwave-as-
sisted procedures for sample preparation: Recent develop-
ments, in: Arruda, M. A. (Ed.) Trends in Sample Prepara-
tion; New York: Nova Science Publishers, 2006, pp. 29-52.
Flores, E. M. M.; Barin, J. S.; Mesko, M. F.; Knapp, G.; 16.	 Spec-
trochim. Acta Part B, 2007, 62, 1051.
Pereira, J. S. F.; Mello P. A.; Moraes D. P.; Duarte F. A.; 17.	
Dressler, V. L.; Knapp, G.; Flores, E. M. M.; Spectrochim. 
Acta Part B, 2009, 64, 554.
Fecher, P. A.; Nagengast, A.; 18.	 J. Anal. At. Spectrom., 1994, 
9, 1021.
Kaiser, E.; Rohrer, J. S.; Jensen, D.; 19.	 J. Chromatogr. A, 2001, 
920, 127.
Novic, M.; Dovzan, A.; Pihlar, B.; Hudnik, V.; 20.	 J. Chromatogr. 
A, 1995, 704, 530.
Kaiser, E.; Rohrer, J. S.; Watanaber, K.; 21.	 J. Chromatogr. A, 
1999, 850, 167.
Duarte F. A.; Pereira J. S. F.; Barin, J. S.; Mesko, M. F.; 22.	
Dressler, V. L.; Flores, E. M. M.; Knapp, G.; J. Anal. At. Spec-
trom, 2009, 24, 224.
Moraes, D. P.; Mesko, M. F.; Mello, P. A.; Paniz, J. N. G.; 23.	
Dressler, V. L.; Knapp, G; Flores, E. M. M.; Spectrochim. 
Acta Part B, 2007, 62, 1065.
Moraes, D. P.; Pereira, J. S. F.; Diehl, L. O.; Mesko, M. F.; 24.	
Dressler, V. L.; Paniz, J. N. G.; Knapp, G.; Flores, E. M. M.; 
Anal. Bioanal. Chem., 2010, DOI 10.1007/s00216-010-
3478-1.
Mortari, S. R.; Cocco, C. R.; Bartz, F. R.; Dressler, V. L.; Flores, 25.	
E. M. M.; Anal. Chem. (2010), doi:10.1021/ac100429v.
Flores, E. M. M.; Mesko, M. F.; Moraes, D. P.; Pereira, J. S. 26.	
F.; Mello, P. A.; Barin, J. S.; Knapp, G.; Anal. Chem., 2008, 
80, 1865.
Pereira, J. S. F.; Diehl, L. O.; Duarte, F. A.; Santos, M. F. P.; 27.	
Guimarães, R. C. L.; Dressler, V. L.; Flores, E. M. M.; J. Chro-
matogr. A, 2008, 1213, 249.
Mello, P. A.; Giesbrecht, C. K.; Alencar, M. S.; Moreira, E. 28.	
M.; Paniz, J. N. G; Dressler, V. L.; Flores, E. M. M.; Anal. 
Lett., 2008, 41, 1623.
Pereira, J. S. F.; Moraes, D. P.; Antes, F. G.; Diehl, L. O.; San-29.	
tos, M. F. P.; Guimarães, R. C. L.; Fonseca, T. C. O.; Dressler, 
V. L.; Flores, E. M. M.; Microchem. J., (2010), doi:10.1021/
ef900707n.
Pereira, J. S. F.; Mello, P. A.; Duarte, F. A.; Santos, M. F. P.; 30.	
Guimarães, R. C. L.; Knapp, G.; Dressler, V. L.; Flores, E. M. 
M.; Energy Fuels, 2009, 23, 6015.
Anton Paar GmbH; software version v1.27-Synt;31.	  Micro-
wave Sample Preparation System, Graz, Austria, 2003.
Spectro Analytical Instruments, Kleve, Germany.32.	

Chlorine Determination In Crude Oil Fractions After Digestion Using Microwave-Induced Combustion



6 Br J Anal Chem

Analysis of street Ecstasy tablets by thin layer 
chromatography coupled to easy ambient sonic-spray 
ionization mass spectrometry 

Bruno D. Sabino,a,b Morena L. Sodré,a Emanuele A. Alves,a Hannah F. Rozenbaum,a Fábio O. M. Alonso,a Deleon N. Correa,c 
Marcos N. Eberlin,c*, Wanderson Romãoc*

a)	Institute of Criminalistic Carlos Éboli, Rio de Janeiro, RJ, Brazil, 20060-050, Rua Pedro I, 28, Rio de Janeiro, RJ, Brazil
b)	National Institute of Metrology, Standardization and Industrial Quality, Av. N. Sra. das Graças, 50 Xerém, 22250-020 - Duque de 

Caxias - RJ - Brasil
c)	 ThoMSon Mass Spectrometry Laboratory, Institute of Chemistry, University of Campinas - UNICAMP, 13084-971, Campinas, SP, 

Brazil

Introduction
Ecstasy, also known as “candy”, “XTC” and 

“Adam”, is a popular illicit drug sold worldwide in 
the form of colored tablets with varying logos and 
shapes. Ecstasy most often contain 3,4-methylene-
dioxymethamphetamine (MDMA, Figure 1), but 
3,4-methylenedioxyamphetamine (MDA) or 3,4-meth-
ylenedioxyethylamphetamine (MDEA) are also found 
particularly in samples known as “Eve” tablets. These 
amphetamines display close chemical compositions 
and biological effects. 

Renfroe and co-workers [1] were the first to report 
the chemical composition of ecstasy tablets. They ana-
lyzed, from 1972 to 1985, hundreds of tablets of ec-
stasy sent anonymously to their laboratory. All samples 
sent before 1975 were found to contain only MDA. 
The first tablet with MDMA was found in 1975, the 
second in 1976 and, during the next years the num-
ber of tablets with MDMA increased progressively. In 
the beginning of the 80’s, MDMA was the main drug 
found in ecstasy tablets. Other amphetamine ana-
logues, such as methamphetamine (Figure 1) and oth-
er psychoactive substances including ketamine have 

also been found in ecstasy tablets. Other drugs such 
as caffeine, amphetamine, lidocaine, and adulterants 
have been found in ecstasy tablets. 

Figure 1. Structures and MW of drugs normally found in ecstasy 
tablets.

Forensic laboratories analyze ecstasy tablets mainly 
using ecstasy testing kits, which are often based on the 
Marquis or Simon tests and develop specific colors such 
as dark blue or black. These tests display, however, low 
selectivity leading sometimes to false-positives [2]. Ad-
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Abstract
Ecstasy is a famous illicit drug with varying drug composition, but it usually contains 
3,4-methylenedioxymethamphetamine (MDMA) as the main active ingredient. The 
common procedure to identify ecstasy tablets uses testing kits, but its low specificity 
may lead to false positives. Thin layer chromatography (TLC) is used worldwide in foren-
sic investigations due to its simplicity, low-cost and versatility but may also lead to false 
positives. In this study, TLC separation of seven common ecstasy drugs: MDMA, metam-
phetamine, 3,4-methylenedioxyethylamphetamine (MDEA), 3,4-methylenedioxyam-
phetamine (MDA), amphetamine, caffeine and lidocaine was attained, and twenty five 
apprehended street ecstasy tablets analyzed by TLC. Easy ambient sonic-spray ioniza-
tion mass spectrometry (EASI-MS) was then performed directly on the surface of each 
TLC spot for MS characterization. The combination of TLC with EASI-MS is shown to 
provide a relatively simple and powerful screening tool for forensic analysis of street 
drugs with fast and indisputable results. 

Keywords: ecstasy tablets; MDMA; illicit drug; TLC; EASI-MS;  
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Analysis of street Ecstasy tablets by thin layer chromatography coupled to easy 
ambient sonic-spray ionization mass spectrometry 

ditional techniques have therefore been employed to 
confirm the kit results such as gas chromatography (GC), 
GC coupled to mass spectrometry (GC-MS) [3], high 
performed liquid chromatography (HPLC) [4] and HPLC 
coupled to mass spectrometry (HPLC-MS) [5]. These in-
strumental techniques naturally require more skilled op-
erators and are much more effort and time consuming.

Thin layer chromatography (TLC) is a classical, simple, 
low-cost, fast, and versatile separation technique [6] and 
has been widely used in forensic investigations. A variety 
of developing reagents are also available, such as ninhy-
drin and the Marquis reagent for anphetamines [7]. The 
main drawbacks of TLC are limited resolving power and 
lack of a unquestionable method for structural character-
ization. Recently, a new class of ionization techniques for 
ambient mass spectrometry [8-11] has been developed. 
These techniques allow desorption, ionization, and MS 
characterization of analytes directly from their natural 
surfaces and matrixes [12], becoming therefore an at-
tractive solution for direct characterization of TLC spots. 
Among these techniques, easy ambient sonic spray ion-
ization (EASI) is likely the simplest, gentlest, and most eas-
ily implemented [13]. An EASI source can be constructed 
and installed in a few minutes from simple MS labora-
tory parts (Figure 2) requiring no voltages, no UV lights, 
no laser beams, no corona or glow discharges, and no 
heating, and as shown recently, even with no pumping 
systems [14]. EASI relies on the forces of a high velocity 
stream of N2 (or even air) to accomplish analyte desorp-
tion and supersonic spray ionization (SSI) [15]. EASI has 
already been successfully tested with different analytes 
in different matrices and in various applications such as 
aging of ink writings on paper surfaces [16], perfumes 
[17], surfactants [18], biodiesel [19], propolis [20], cloth 
softeners [21]. EASI has been coupled to membrane in-
troduction mass spectrometry [22], TLC [23], HPTLC [24] 
and has applied molecularly imprinted polymers as selec-
tive surfaces [25].  

Figure 2. Schematic of TLC/EASI-MS. Supersonic spray produces a by-
polar stream of very minute charged droplets (blue spray) that bombard 
the TLC silica surface causing desorption and ionization of the analyte 
molecules that rest on the target spot (green dots). Analytes are ionized 
often as [M = H]+ or [M – H)- , or both. EASI is assisted only by com-
pressed nitrogen or air, and causes no oxidation, electrical, discharge, 
or heating interferences.

In this work, the coupling of TLC and EASI-MS has 
been tested in a “real world” forensic application. First, 
TLC separation has been optimized for seven standards 
of drugs normally found in street ecstasy tablets. A total 
of 25 street ecstasy tablets apprehended by the Rio de 
Janeiro Police Department were then analyzed by TLC/
EASI-MS.

Experimental
Reagents and Samples
HPLC and P.A. grade methanol (CH3OH), chloro-

form (CHCl3), isopropanol (CH3CH(CH3)OH), acetic acid 
(CH3COOH), and ammonium hydroxide (NH4OH) were 
obtained from Merck. Twenty five street ecstasy tablets 
were provided by the Rio de Janeiro Civil Police. MDMA, 
MDEA, MDA, ketamine, caffeine, methamphetamine, 
and amphetamine standards solutions (1 mg mL-1) were 
purchased from Radian (Austin, TX, USA).

Ecstasy Tablets 
The ecstasy tablets were provided by the Carlos Éboli 

Institute of Criminalistic. The Rio de Janeiro police appre-
hended these tablets during the years of 2008 and 2009. 
The tablets displayed diameter, thickness, and weight of 
ca. 0.79 ± 0.11 cm, 0.44 ± 0.15 cm, and 260 ± 56 g, 
respectively, with a variety of shapes, logos, and colors. 
Tablets were pulverized and a 10 mg of the sample was 
partially dissolved in 10 ml of methanol. After centrifuga-
tion, the upper layer was transferred to a glass vial and 
analyzed by TLC.

TLC 
Precoated plates (silica gel 60 GF 254, Merck, 6100 

Darmstadt, Germany) were used. These plates were dried 
for 30 min at 80 ºC and then stored in a desiccator.  A 
volume of ca 3 μl of a sample or standard solution were 
carefully applied to the TLC plate, which were developed 
in an horizontal chamber (Camag, Switzerland). The total 
developing distance was 8 cm. Four different solvent sys-
tems were tested as eluents: CHCl3/CH3OH (50/50 v/v); 
CHCl3/CH3OH/CH3COOH (20/75/5 v/v); CH3OH/NH4OH 
(98/2 v/v); and CH3CH(CH3)OH/NH4OH (95/5 v/v). After 
experimental development, the plates were dried at 100 
°C for 15 min. Spots were detected under ultraviolet 
(UV) radiation at 254 nm.

Limit of detection (LOD)
The LOD of MDMA in the TLC plates used was set 

as the minimum compound concentration that could be 
visualized by UV with an acceptable level of precision of 
≤ 15% and accuracy of  ± 15% in 10 replicates.

EASI-MS
Experiments were performed on a single quadrupole 

mass spectrometer (LCMS- 2010EV -Shimadzu Corp., 
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Japan) equipped with a home-made EASI source, which 
is described in detail elsewhere [15]. Acidified methanol 
(0.1% in volume of formic acid) at a flow rate of 20 μL 
min-1 and compressed N2 at a pressure of 100 psi were 
used to form the supersonic spray. The capillary-surface 
entrance angle was of ca 45°. Each TLC spot was directly 
analyzed by EASI-MS, without any sample preparation. 
Spectra were collected on each spot for about 10 s. 

Gas Chromatography coupled to Mass Spectrometry 
(GC/MS).
GC/MS was conducted using a Thermo Scientific 

(Austin, Texas) Focus gas chromatograph coupled to an 
ITQ 700 Thermo mass selective detector. The mass spec-
tra scan rate was 3 scans s-1. The GC was operated in the 
splitless mode with a carrier gas (helium grade 5) flow 
rate of 1.5 mL min-1. The mass spectrometer was oper-
ated using 70 eV electron ionization (EI) and a source 
temperature of 250 °C. Both the GC injector and the 
transfer line were maintained at 250 °C. The mass spec-
tra reported were obtained after background subtraction 
and by averaging ca five scans. Samples (caffeine stan-
dard solution and tablets) were diluted in HPLC grade 
methanol to give a final concentration of 1 mg mL-1, and 
1 μL was introduced via manual injection. The GC tem-
perature program used consisted of an initial tempera-
ture of 130 °C for 1 min then increased to 280 °C at 17 
°C min-1 and held for 11 min.

Results and Discussion
TLC separation of the seven common ecstasy tab-

let components was evaluated using four different sol-
vent systems as eluents (Table I). CHCl3/CH3OH (50/50 
v/v) was inefficient since it caused spot tailing for most 
standards and ecstasy samples tested. CHCl3/CH3OH/
CH3COOH (20/75/5 v/v) provided well defined spots for 
both the samples and standards, but MDMA, metam-
phetamine, amphetamine, and ketamine presented too 
close Rf values (0.62-0.71). The best results were ob-
tained for CH3CH(CH3)OH/CH3OH (95/5 v/v) and, most 
particularly, for CH3OH/NH4OH (98/2 v/v) (Figure 3). Al-
though close Rf values for MDMA (main drug expected 
in ecstasy tablets) and metamphetamine were observed, 

good separation and resolution was observed for MDA, 
MDEA, amphetamine, ketamine, and caffeine (Figure 3 
and Table I).

Figure 3. TLC data for the seven common ecstasy components tested as 
well as for the 25 samples of apprehended street ecstasy tablets using 
CH3OH:NH4OH (98:2) v/v as the eluent. Spots developed by UV are 
represented by dark black or gray (less intense) ovals.

TLC/EASI-MS
For TLC, we selected therefore CH3OH/NH4OH (98:2) 

v/v as the best eluent and the components of each spot 
(Figure 3) were then subjected to desorption, ionization, 
and m/z measurements by EASI-MS in the positive ion 
mode using acidified methanol as the spray solvent. 

Table I. Rf values for the seven drug standards as a function of different TLC eluents

Compound
CHCl3:CH3OH
(50:50) v/v 

CHCl3:CH3OH:CH3COOH
(75:20:5) v/v 

CH3OH:NH4OH
(98:2) v/v 

CH3CH(CH3)OH:NH4OH
(95:5) v/v 

MDEA 0.62 0.74 0.71 0.87

MDA 0.48 0.60 0.67 0.81

MDMA 0.37 0.64 0.56 0.62

Metamphetamine 0.35 0.62 0.57 0.62

Amphetamine 0.71 0.66 0.66 0.70

Ketamine 0.86 0.71 0.84 0.80

Caffeine 0.84 0.94 0.77 0.70

Eberlin, MN et al
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Figure 4 shows the “on-spot” EASI-MS acquired di-
rectly from the surface of the TLC spots of each of the 
seven standards used. Note the unambiguous charac-
terization of each drug, mostly as a single ion (which 
facilitates spectra interpretation and analyte character-
ization) corresponding to their protonated molecules, 
that is, [M + H]+. MDEA was the only drug that was 
also detected as [MDEA + H20 + H]+ and [MDEA + Na]+. 
Signal-to-noise ratio was quite high for all standards ex-

cept caffeine (Figure 4). LOD was evaluated for TLC of 
MDMA and found to be of 3 ± 0.3 μg. For the caffeine 
spot, the low sensitivity of EASI-MS seems to result from 
its polarity and high affinity to silica that hampered des-
orption from the TLC plate by the EASI droplets con-
taining acidified methanol. We are currently searching 
for an EASI-spray solvent or mixture of solvents that 
could provide proper desorption and ionization of caf-
feine from the silica in TLC spots.

Analysis of street Ecstasy tablets by thin layer chromatography coupled to easy 
ambient sonic-spray ionization mass spectrometry 

Figure 4. EASI-MS collected directly on the surface of the TLC spots corresponding to the seven common ecstasy components tested:  (a) MDEA, 
(b) MDA, (c) MDMA, (d) metamphetamine, (e) amphetamine, (f) ketamine, and (g) caffeine.
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Figure 5 shows the EASI-MS for the single TLC spot 
of sample T1 (Figure 3), a representative street sample of 
ecstasy. Note there could be doubt about the composi-
tion of this spot based on TLC alone, since both MDMA 
and metamphetamine displayed quite close Rf values 
(Figure 3). But the presence of MDMA (m/z 194) is un-
mistakably confirmed by EASI-MS. This result illustrates 
the importance of the TLC/EASI-MS coupling for rapid 
and unambiguous analysis of ecstasy tablets. Sample T6 
also provided a dubious case since its single TLC spot, 
judging by the Rf value, could be interpreted as corre-
sponding to either ketamine or caffeine. EASI-MS of this 
T6 spot (not shown) displayed very low overall abun-
dance (mostly noise) and failed to detect therefore the 
intense protonated molecule of m/z 238 expected for 
ketamine (Figure 4). Since EASI-MS sensitivity to caffeine 
using acidified methanol as the spray solvent was found 
to be very poor (Figure 4), the spot was assigned to caf-
feine. GC/MS data (not shown) confirmed that the main 
constituent of T6 was indeed caffeine. 

Figure 5. EASI-MS collected directly on the surface of the single TLC 
spot of sample T1.

Figure 3 shows that most ecstasy tablets displayed a 
single TLC spot with Rf values (and EASI-MS data) cor-
responding to MDMA. Tablets T18 and T19 displayed, 
however, a single spot corresponding, as far as only TLC 
and Rf values are concerned, to ketamine. But EASI-
MS analysis for T18 (Figure 6) and T19 clearly points to 
an erroneous TLC attribution since the [M + H]+ ion of 
m/z 235 indicates lidocaine as the main spot constitu-
ent. Both T18 and T19 samples displayed similar shape, 
logo, dimension, and mass indicating common origin. 

Figure 6. EASI-MS collected directly on the surface of the single TLC 
spot for tablet T18. A similar spectrum was collected for T19.

In contrast to most ecstasy tablets showing a single 
TLC spot, samples T9, T16 and T17 displayed two or 
three spots. Some of these spots (Figure 3) have Rf val-
ues corresponding to caffeine, and this attribution was 
confirmed by GC/MS (data not shown). A third spot 
observed for T16 and T17 with the highest Rf value 
could be attributed to ketamine. But again EASI-MS 
discarded ketamine, showing very low ion abundance 
and mostly noise. These spots were therefore labeled as 
“unknown”. Tablets T16 and T17 also displayed similar 
shapes, logos and colors, indicating common origin. 

Conclusions
Validation of methods used to detect drugs us-

ing TLC analysis is crucial to generate undisputable 
results, particularly in forensic investigations. TLC is 
a simple, low-cost, versatile, and popular technique 
used widely in forensic screening of illicit drugs, but 
may lead to false positives or erroneous attributions 
due to limited resolution and lack of an undisputable 
and selective method for structural characterization 
particularly for unexpected components. EASI-MS per-
formed directly on the surface of TLC spots provides 
rapid and secure MS characterization. The coupling of 
TLC with EASI-MS constitutes therefore a valuable tool 
in forensic investigations, as demonstrated herein for 
a “real world” case involving the analysis of appre-
hended street ecstasy tablets. Although a few cases 
have required more elaborated GC/MS analysis, or a 
few spots remained identified, rapid screening of sam-
ples by TLC/EASI-MS provided secure identification for 
most samples, greatly speeding the overall analysis 
time and increasing its accuracy. EASI is the simplest 
ambient ionization technique currently available for 
ambient mass spectrometry [9], being easily imple-
mented in all API mass spectrometers. Miniature mass 
spectrometers able to operate with ambient ionization 
techniques are also being made more compact and 
robust, and with diminishing costs [26, 27]. Therefore, 
the use of such compact and affordable instruments 
would allow widespread use of the EASI-MS tech-
nique in most forensic laboratories. TLC is also the 
simplest and the most popular separation technique 
in forensic investigations. The coupling of TLC to EASI-
MS provides therefore a suitable technique for simple, 
rapid and secure forensic investigations. The favorable 
characteristics of TLC/EASI-MS indicate many advanta-
geous applications in forensic analysis.
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Abstract
A method for Hg speciation in edible mushroom is described. Mercury species were 
determined using reversed phase liquid chromatography (LC) combined with chemical 
vapor generation (CVG) and inductively coupled plasma mass spectrometry (ICP-MS). 
Conventional extraction, ultrasound (US) and microwave (MW) radiation were evalu-
ated for Hg species extraction using water, hydrochloric acid or L-cysteine solutions 
as extraction media. Extraction time, temperature (for MW extraction), concentration 
of HCl and L-cysteine solutions and US amplitude were investigated. Hg species inter-
conversion was observed in HCl media, whereas the extraction was not quantitative if 
only water was used. Better results were obtained by using 1.0% (m/v) L-cysteine and 
US amplitude set at 10%. Accuracy was evaluated by the analysis of certified refer-
ence material (CRM) and analyte recovery from spiked samples. The agreement of the 
obtained results for CRM sample was in the range of 92 to 96% for methylmercury 
(CH3Hg+) and 95 to 102% for total Hg. Analyte recoveries from spiked samples were 
in the range of 93 to 109% for Hg2+ and 96 to 113% for CH3Hg+. Ultrasound assisted 
extraction was considered more efficient, simple and faster than conventional and 
MW assisted extraction. The proposed method was applied for Hg speciation in edible 
mushrooms and the main species was Hg2+.

Keywords: Mercury, Speciation, Liquid chromatography-inductively coupled plasma 
mass spectrometry

Introduction
Edible mushroom may contain relatively high levels 

of Hg, which can be a result of natural uptake of the 
element due to its growing in polluted areas or use 
of Hg-based fungicides. Mushroom uptakes Hg and 
it has been used as bioindicator for environmental 
pollution for Hg and to assess the impact on public 
health.1,2 Because of the health risks to Hg exposure, 
the United States Environmental Protection Agency 
(USEPA) established the reference value for methyl-
mercury (CH3Hg+) as 0.1 µg kg-1 body weight/day. Ad-
ditionally, the World Health Organization (WHO) set 
the tolerable value to 1.6 µg kg-1 body weight/week 
(0.23 µg kg-1 body weight/day). However, the maxi-
mum acceptable content of Hg in mushroom has not 

been established up to now.3 All Hg species are co-
sidered toxic, while CH3Hg+ is one the most dangerous 
and usually present in the enviroment.4 Therefore, the 
identification and quantification of Hg species in ed-
ible mushroom is of great interest.

Although improvements in instrumentation have 
been made in recent years, accurate Hg species deter-
mination may be difficult and non-quantitative analyte 
recovery and Hg species interconversion during sample 
preparation can occur.5,6 Sample preparation is consid-
ered of primary concern in Hg speciation analysis and it 
needs to be carefuly evaluated for each kind of sample 
in order to avoid analyte losses, contamination and spe-
cies interconversion.7 Studies dealing with procedures 
of Hg extraction as well as extractant solutions are de-
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scribed in the literature.5 Acid and alkaline solutions, 
thiol compounds, cysteine, thiosulfate and mercapto-
ethanol have been used.7-11 Compounds containing sul-
fur are usually very effective owing to the high affinity 
of Hg to sulfur, which promotes Hg species releasing 
from sample matrix.12,13

Microwave (MW)7,14-16 and ultrasound (US)8,17 have 
been evaluated to promote Hg species extraction from 
different biological matrices. Both systems promote 
and accelerate analyte extraction. The extraction ef-
ficiency varies with the irradiation time, temperature, 
characteristics of sample and extraction media. Usu-
ally, extraction using MW and US are advantageous 
in comparison to conventional extractions (mechanical 
shaking and heating) in terms of time, efficiency and 
reagent consumption.6,8,18

For Hg species determination, hyphenated tech-
niques such as gas chromatography (GC)14 and liquid 
chromatography (LC) coupled to a selective detec-
tor19-21 have been frequently used. Most of LC meth-
ods are based on the use of silica-C18 as stationary 
phase, whereas the mobile phase contains methanol, 
or chelating or ion-pair reagent (especially 2-mer-
capthethanol or L-cysteine).5,22 Liquid chromatography 
or GC coupled to inductively coupled plasma mass 
spectrometry (ICP-MS)7,12,13,16,23 has been used for Hg 
speciation analysis and good limits of detection (LOD) 
and specificity are obtained. In addition, cold vapor 
generation (CVG) can be combined to LC-ICP-MS, 
wich improves the LOD.15,24,25

Although different methods have been proposed 
for Hg speciation in biological tissues, particularly in 
fish and seafood, little information is available about 
Hg speciation in edible mushroom. Thus, the main 
purpose of this study was to develop a method for 
Hg speciation in edible mushroom focused on sam-
ple preparation. Conventional extraction (mixture of 
sample plus extracting solution and let to stand) and 
also the use of US and MW radiation combined with 
different extractant solutions were studied. LC-CVG-
ICP-MS was used for Hg species separation and quan-
tification. Accuracy was evaluated using certified ref-
erence material and recovery tests.

Experimental
Instrumentation
The LC system used for mercury species separation 

consisted of a quaternary pump (Model Series 200, 
PerkinElmer, USA) equipped with a Rheodyne six-port 
injector valve, a 200 µL-sample loop and a silica-C18 
column (Discovery C18 HPLC column, 250 mm x 4 mm, 
5 µm, Supelco, USA). The mobile phase flow rate was 
1.0 mL min-1 using isocratic conditions. The separa-
tion column was connected to a continuous cold va-
por generation system. The Hg vapour produced was 

introduced directly into the ICP.
Mercury determination was carried out by means 

of an inductively coupled plasma mass spectrometer 
(PerkinElmer SCIEX, Model ELAN DRC II, Canada), 
equipped with a quartz torch (injector tube 2 mm i.d.) 
and platinum cones. Parameters of ICP-MS were ad-
justed in order to obtain the highest signal to back-
ground ratio for Hg (using 202Hg). Operational condi-
tions of the LC-CVG-ICP-MS system are summarized 
in Table I and a scheme of the proposed system is 
shown in Fig. 1.

Table I. LC-CVG-ICP-MS operational conditions

Figure 1. Squematic diagram of the LC-CVG-ICP-MS system. 1: mo-
bile phase (L-cysteine); 2: vacuum degasser; 3: LC pump; 4: injector; 5: 
column (Si-C18); 6: peristaltic pump; 7: gas-liquid separator (L = 10 
cm; i.d. = 15 mm); 8: ICP; 9: mass spectrometer; R1: HCl (1.0 mol L-1);  
R2: NaBH4 (0.25% m/v).

A Multiwave 3000 microwave oven (Anton Paar, 
Austria) was used for sample digestion and mercury 
species extraction. A Fisher Sonic Dismembrator (Fisher 

Determination of Hg species in edible mushrooms using reversed phase-liquid 
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Scientific, Model 100, 20 kHz, 100 W, USA) with an 
ultrasonic probe (1/8”, full wave titanium probe solid, 
127 mm long) was used for Hg species extraction. A pH 
meter (Metrohm, Switzerland) and a centrifuge (Nova 
Técnica, Brazil) were also used.

Reagents, standards and mobile phase
Distilled and deionized water was obtained by us-

ing a Milli-Q system (Millipore Corp., USA). Concen-
trated HNO3 and HCl (Merck, Germany) were purified 
in a sub-boiling system (Milestone, Model Duopur, It-
aly). L-cysteine with purity higher than 98.5% (Vetec, 
Brazil) was used and solutions were prepared in water 
and used as extracting solution and as mobile phase. 
Sodium tetrahydroborate (Vetec, Brazil) solutions (pre-
pared in 0.2% NaOH - Merck) and ammonium hydrox-
ide (Merck) were used for mercury reduction and pH 
adjustment, respectively.

A solution containing 1000 mg L-1 Hg (as Hg2+) in 
2% (v/v) HNO3 was purchased from Merck. This so-
lution was sequentially diluted in 1.0 mol L-1 HCl in 
order to prepare the reference solutions of Hg2+. A so-
lution containing 1000 mg L-1 of Hg (as CH3HgCl) was 
prepared by dissolving CH3HgCl salt (Aldrich, USA) in 
methanol. Intermediate solutions of Hg2+ and CH3H-
gCl (1 mg L-1) were prepared by dilution in 1.0 mol L-1 

HCl. Working solutions used for calibration curve were 
prepared fresh daily by diluting the Hg stock solutions 
in the mobile phase solution. All the solutions were 
stored in polypropylene vessels, which were previously 
cleaned by immersion in 20% (v/v) HNO3 solution by 
24 h and rinsed with water and were kept at 4 °C in 
the dark before use.

The mobile phase used for mercury species sepa-
ration by LC was adapted from reference [13] which 
contains 0.10% (m/v) L-cysteine at pH 4.0, adjusted 
with NH4OH.

Sample preparation
Five species of edible mushroom were purchased 

at the local market and freeze-dried. Samples were 
ground in a cryogenic mill (SPEX, SamplePrep, USA), 
transferred to polypropylene flasks and stored 4 °C in 
the dark until analysis. Particle size of the powdered 
samples was lower than 100 μm.

Total mercury determination
About 500 mg of dried sample were transferred to 

quartz vessels of microwave oven and 6 mL of HNO3 
were added. The mixture was irradiated for 20 min at 
1000 W (ramp of 10 min) and 0 W for 20 min (cooling 
step). The maximum temperature and pressure were 
280 oC and 80 bar, respectively. After cooling, digests 
were transferred to graduated polypropylene vessels 
and the volume completed to 30 mL. Certified ref-

erence material (Dogfish Liver, DOLT-3 from National 
Research Council Canada - NRCC) and blanks were 
analyzed in parallel using the same conditions selected 
for samples. Total mercury concentration in digested 
samples was determined by CVG-ICP-MS.

Procedures for Hg species extraction
Ultrasound, microwave and conventional proce-

dures were evaluated for Hg species extraction from 
CRM and mushroom samples. Standard Hg2+ and 
CH3Hg+ solutions addition were also tested in order 
to evaluate possible interconversion or losses of the 
Hg species.

About 500 mg of dried and powdered mushroom 
were accurately weighed and transferred to polypropyl-
ene vessels (15 mL) or quartz flasks of the microwave 
oven. Water (6 mL), HCl (6.0 mL of 1.0, 3.0 and 6.0 
mol L-1) and L-cysteine (6 mL from 0.1 to 3% m/v) were 
added to each aliquot of the sample. Subsequently, the 
mixture was submitted to the following treatments: a) 
shaken during 2 min and standing for 12 h, or b) US 
treatment up to 3 min using US amplitude of 10, 20 
and 30%, or c) irradiation with microwave at 500 W for 
5 min (ramp of 5 min) at 60, 80, 100 and 120 °C. In the 
following step, the mixture was transferred to polypro-
pylene vessels and the pH adjusted to 4.0 using 10% 
(v/v) NH4OH. Final volume of the mixture was completed 
to 20 mL with water. Then, the mixture was centrifuged 
by 10 min at 3000 rpm and filtered through a 0.45 μm-
glass fiber filter. Aliquots of obtained solutions were im-
mediately injected in the chromatograph. To evaluate 
the accuracy, analyte recovery tests and certified refer-
ence material were used. The certified sample and solu-
tions spiked with the analytes were submitted to the 
same procedure used for the mushroom samples. 

Results and discussion
Total Hg determination
Total Hg concentration in the certified sample and 

mushroom was determined by CVG-ICP-MS after di-
gestion in microwave oven. The obtained results are 
summarized in Table II. No statistical difference was 
obtained between the results after microwave diges-
tion and value of certified reference material. Total 
mercury found in mushroom samples was used as ref-
erence to the value found when the speciation of Hg 
was performed.

Mercury species extraction assisted by US
Effects of the extracting media composition (water, 

HCl and L-cystein), sonication at different US ampli-
tudes, time of sonication, as well as the mass of sample 
were investigated. Solutions containing Hg2+or CH3Hg+ 
or a mixture of both were evaluated in parallel to check 
possible interconversion of the Hg species. It was ob-

Dressler, VL et al
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served that Hg species interconversion occurred in HCl 
media, mainly when the mixture was sonicated for a 
period longer than 1 min (the period of sonication was 
extended up to 6 min). With higher HCl concentration  
(3.0 and 6.0 mol L-1) CH3Hg+ was almost completely 
converted to Hg2+, even using low US amplitude (10%) 
and time of sonication (1 min). With 1.0 mol L-1 HCl 
the interconversion of CH3Hg+ to Hg2+ was complete at 
20% of US amplitude. These results are not in agree-
ment with previously published results where US bath 
was used instead of US probe.9 The main reason for the 
different results found in the present work could be due 
to the energy delivered to the solution that is higher 
when a US probe is used when compared to US baths.

No mercury species conversion was observed using 
water and L-cysteine medium. However, only L-cysteine 
was able to extract mercury species quantitatively from 
mushroom samples. It can be explained by the high 
affinity of Hg to the sulphydryl group of L-cysteine 
that improves Hg species extraction.5 It was observed 
that Hg species were well extracted with 1.0% (m/v) 
L-cysteine under sonication at 10% US amplitude. In 
order to evaluate the effect of the sonication time, the 
concentration of L-cysteine solution (1% m/v) and the 
US amplitude (10%) were kept constant, while the 
period of time of sonication was varied from 0.5 to 3 
min. The effect of the time of sonication on Hg2+ and 
CH3Hg+ in standard solution was also evaluated where 
no analyte losses or interconversion of Hg species have 
occured. The same was observed for Hg in the certified 
sample and mushroom samples. Therefore, the time of 
sonication for Hg species extraction was kept in 1 min.

Due to the low concentration of Hg in mushroom 
samples (Table II), the effect of the sample mass on 
Hg species extraction was evaluated in order to im-
prove the LOD of the method. Volumes of 1% (m/v) 
L-cysteine solution (1.0, 3.0 and 6.0 mL) were used 
for analyte extraction keeping the sample mass up to 
500 mg. No mercury species interconversion was ob-
served, but the analysis became difficult for volumes 
lower than 3.0 mL mainly due to the high viscosity 
of the mixture. Quantitative Hg species recovery was 
observed up to sample masses of 500 mg, using 6 
mL of extractant solution. This condition was used for 
further experiments.

Mercury species extraction assisted by MW 
radiation 
Temperature can affect Hg species stability and also 

analyte extraction. Therefore, the microwave oven 
conditions were adjusted for a maximum temperature 
of 120 °C using water, HCl and L-cysteine as extract-
ants. Mercury species interconversion has occured in 
6.0 mol L-1 HCl media, even at 60 oC. They were sta-
ble in 1.0 mol L-1 HCl in the investigated temperature 

range, while CH3Hg+ was converted in 3.0 mol L-1 HCl 
at temperatures higher than 100 °C. As cited, CH3Hg+ 
was stable in 1.0 mol L-1 HCl, but it was observed that 
the extraction of Hg species in mushroom and certi-
fied sample was not quantitative.

Concerning the other extractant solutions, Hg spe-
cies interconversion in water was observed only at 120 
°C, while no interconversion was observed in any con-
dition for L-cysteine. Besides, L-cysteine has demon-
strated to be the best media for Hg species extraction 
from mushroom. As previously mentioned, the good 
performance of L-cysteine is due to the strong afinity 
between sulfur and Hg.26,27 According to the results 
obtained in this step of the study, 1% (m/v) L-cysteine, 
heating at 60 °C for 5 min (ramp of 5 min) were stab-
lished for Hg species extration assisted by MW radia-
tion. 

Mercury species extraction by using conventional 
extraction 
Conventional extraction of Hg species was evalu-

ated by using the same sample mass, volume of ex-
tractants and respective concentrations used for US 
and MW procedures. The extracting solution was 
spiked with Hg2+ and CH3Hg+ and the mixture was let 
to stand up to 12 h at room temperature. It was ob-
served that Hg species losses or interconversion have 
occurred only in 6.0 mol L-1 HCl. For Hg species extrac-
tion from the certified sample or mushroom, the mix-
ture was manually shaken for 2 min and then allowed 
to stand for 12 h at room temperature.13 However, as 
previously found extraction with 1% (m/v) L-cysteine 
solution was more efficient.

Determination of inorganic and methylmercury in 
mushrooms
In order to evaluate the accuracy of the extraction 

procedures, a certified reference sample was ana-
lyzed and recovery tests of Hg species performed. Re-
sults found in the speciation analysis step were also 
compared with the total Hg concentration found in 
the digested samples (Table II). For this purpose the 
sum of Hg species concentration was calculated and 
compared with the total Hg concentration in order 
to check the mass balance. According to Table II, the 
concentrations of Hg species found in the reference 
sample submitted to conventional extraction, or US or 
MW assisted were in good agreement with the certi-
fied values. However, when MW radiation was used 
for Hg species extraction from mushroom, the sum of 
the concentrations of Hg species was generally lower 
than the total Hg concentration determined by CVG-
ICP-MS. In the case of conventional extraction and US 
application, the sum of Hg species was always higher 
than 92% of the total Hg found by CVG-ICP-MS.

Determination of Hg species in edible mushrooms using reversed phase-liquid 
chromatography-chemical vapor generation-inductively coupled plasma mass spectrometry
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Chromatograms obtained for samples submitted to 
the three different extraction procedures using 1% (m/v) 
L-cysteine are presented in Fig. 2. As can be seen, only 
Hg2+ and CH3Hg+ were detected in mushroom. The re-
tention time for both Hg species was the same in mush-
room and certified sample. It was also observed that 
complete separation of the Hg species was achieved in 
5 min, for samples and standard solutions.

The concentration of mercury species was deter-
mined by external calibration, using peak area signal 
intensity for each Hg species. Calibration curves for 
both Hg species were linear up to 5.0 μg L-1 of Hg. 
Detection limits (based on 3σ of the baseline noise, in 
peak area) of Hg2+ and CH3Hg+ were 0.41 and 0.35 ng 
g-1 (as Hg), respectively. Detection limit was estimated 
considering 500 mg of sample in 20 mL extraction so-
lution and a volume of 200 μL of solution injected in 
the chromatograph.

Dressler, VL et al

Figure 2. Chromatograms of a standard solution (1.0 µg L-1 Hg) and mushroom sample. (a) US assisted extraction; (b) MW assisted 
extraction; (c) conventional extraction. Gray line: standard solutions; black line: mushroom sample.

Table II. Concentration (in ng g-1) of mercury species and total mercury in mushroom and certified sample (DOLT-3) using conventional extraction, 
US and MW radiation with 1% (m/v) L-cysteine. Analyte measurements by LC-CVG-ICP-MS. Results are the average and standard deviation from 

3 consecutive determinations.

Conclusions
It was demonstrated that Hg species in HCl me-

dium are easily interconverted or not quantitatively 
extracted by using conventional, US or MW assisted 
extraction. Hg species are more stable in water and 
L-cysteine. In water, CH3Hg+ is only converted to inor-
ganic mercury when submitted to MW irradiation at 
temperature higher than 120 °C. No interconversion of 

Hg species occurs when US and 1.0% (m/v) L-cysteine 
were selected. In this case, Hg recovery from mush-
room and certified sample (dogfish liver) was higher 
than 92%. However, recovery of Hg was only 62% 
when MW assisted extraction and L-cysteine 1% (v/v) 
were used. Therefore, it was concluded that US assist-
ed extraction using L-cysteine can be recommended 
for Hg speciation analysis in mushroom. Extraction of 
Hg species was quantitative, no interconversion of Hg 
species was observed and the time of extraction (1 
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min of sonication) was considered suitable for routine 
analysis.
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1. Introduction
Ciprofloxacin (Figure 1) is a broad spectrum antibac-

terial drug used in human and veterinary medicine and 
it is one of the most extensively used fluorquinolones1,2 
even when compared with those recently designed for 
better performance in medicine (e.g. gatifloxacin and 
moxifloxacin). Fluorquinolones are a class of synthetic 
antimicrobial drugs obtained by the modification of 
the quinolone structure placing in it a fluorine atom at 
a specific position, producing increased antimicrobial 
activity, improved pharmacokinetic performance and 
less intense collateral effects1. The molecular target 
of fluorquinolones is the DNA gyrase that regulates 
DNA replication and therefore stops bacterial growth. 
They are very active against gram-negative bacteria, 
but they are also active against gram-positive cocci3. 
They are prescribed for a myriad of infections such as 
bladder infection, ophthalmic infection, and also for 
some cases of sexually transmitted diseases4.

Figure 1. Ciprofloxacin.

Several analytical methods have been developed 
for the determination of fluorquinolones. Belal et al.5 
present a comprehensive review on this subject, indi-
cating that adsorptive stripping voltammetry6, UV-vis 
absorption spectrophotometry7 and spectrofluorimetry8 
are not selective enough to discriminate a single fluo-
rquinolone in mixtures containing other ones without 
the use of separation procedures or application of ch-
emometric calibration algorithms. In order to achieve 
selectivity, separation of components based on the use 
of liquid chromatography9 or capillary electrophoresis10 
have been used prior to detection. 

Solid surface room-temperature phosphorimetry 
(SSRTP) is an analytical technique that may allow the 
selective detection of one substance in the presence of 
other ones of similar chemical structure. Such selectivity 
might be achieved by the proper choice of the heavy 
atom phosphorescence inducer. SSRTP has been ap-
plied for the determination of a few fluorquinolones 
(norfloxacin, ciprofloxacin, ofloxacin, lomefloxacin and 
fleroxacin)11. From the several tested heavy atom phos-
phorescence inducers, Cd (II) was found to enable most 
intense analytical signals. However, the authors have 
been not successful in achieve conditions to perform 
selective determination in mixtures of fluorquinolones. 
The selective and sequential determination of norfloxa-
cin and levofloxacin in the presence of other fluorqui-
nolones has been proposed recently based on both the 
correct choice of the selective phosphorescence inducer 
and the use of synchronous scanning of spectra12. 

*Corresponding author:
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Fax: +55 21 3527 1637

Abstract. 
Determination of ciprofloxacin was achieved by synchronous scanning room-temper-
ature phosphorimetry using either CdCl2 or Th(NO3)4 as phosphorescence inducers. 
The method was optimized by using the univariate approach, in order to find intense 
analytical signal from ciprofloxacin, followed by a 23 factorial design in order to verify 
interaction among relevant variables, to check robustness for each variable and to 
perform final adjustment of parameters. Absolute limit of detection (ALOD) for cipro-
floxacin was below 10 ng with a linear signal response extending to at least 415 ng 
of the analyte. Accuracy was evaluated using commercial and simulated pharmaceu-
tical formulations with recoveries between 97 and 103%. The interferences due the 
presence of moxifloxacin and gatifloxacin were evaluated and selective conditions of 
analysis established. Further studies indicated the potential application of the method 
in urine samples.

Keywords: Ciprofloxacin, Cellulose substrate, Synchronous scanning phosphorimetry.
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The purpose of the present work is to demonstrate 
the applicability of the SSRTP for the determination of 
ciprofloxacin in pharmaceutical formulations. In addi-
tion, efforts were made aiming the selectivity towards 
gatifloxacin and moxifloxacin. 

2. Experimental
2.1. Apparatus
Phosphorescence measurements were performed 

on a luminescence spectrometer Perkin–Elmer LS-
55 (Perkin-Elmer, CT, USA) coupled to a solid surface 
analysis apparatus modified to allow a flow of purging 
gas (nitrogen dried by passing it through a silica gel 
bed) on the sample holder. A delay time of 3 ms, gate 
time of 3 ms and spectral bandwidth of 10 nm were 
employed. Spectra from ciprofloxacin was obtained by 
synchronous scanning using Δλ = 237 nm in the pres-
ence of Th (IV) as heavy atom enhancer, and Δλ = 170 
nm in the presence of Cd (II) as heavy atom enhancer. A 
laboratory made photochemical reactor, described else-
where13, was employed to treat the paper substrates 
in order to reduce their natural phosphorescence back-
ground.  A pHmeter (MS Tecnopon, model MPA-210, 
Sao Paulo, Brazil) was also employed. Software Statis-
tica 8.0 (Statsoft Brazil, Sao Paulo, Brazil) was used as 
statistic analysis tool. 

2.2. Reagents
All experiments were performed with analytical 

grade chemicals and ultrapure water.  Whatman N° 
42 filter paper (Whatman, Kent, UK) was used as solid 
substrate. Ciprofloxacin was purchased from Fluka (Bu-
chs, Germany). Moxifloxacin and gatifloxacin were ex-
tracted from pharmaceutical tablets and purified. TlNO3 
were purchased from Acros Organics (Geel, Belgium), 
Ethanol, acetic acid, boric acid, sodium hydroxide, 
phosphoric acid, Pb(NO3)2, KI, sodium dodecyl sulfate 
(SDS) were obtained from Merck (Darmstadt, Germa-
ny), AgNO3, CdCl2 and Hg2Cl2 were from VETEC (Rio 
de Janeiro, Brazil). Thorium nitrate was from Carlo Erba 
(Milan, Italy). A commercial pharmaceutical formulation 
Cloridrato de ciprofloxacino, SEM Industria Farmaceu-
tica Ltda, containing 250 mg of ciprofloxacin per tablet) 
was purchased in local drugstores.

2.3. Standards and solutions
Ciprofloxacin stock solutions (1x10-3 mol L-1) were 

prepared in acetone/water 50/50% v/v and used to 
prepare more diluted standard working solutions. The 
final working solutions were made in acetone/water 
25/75% v/v. When necessary, Britton-Robinson buffer 
0.04 mol L-1 was used to adjust the pH of the solution. 
In such cases, 20% in volume of the buffer was used 
replacing part of the water content. The stock solutions 
of SDS (0.25 mol L-1) and heavy atom salts (0.25 mol 

L-1 of TlNO3, 1.0 mol L-1 of KI, 0.5 mol L-1 of AgNO3, 
0.2 mol L-1 of HgCl2 , 0.5 mol L-1 of Pb(NO3)2 CdCl2 0.5 
mol L-1  and 0.5 mol L-1 of Th(NO3)4) were prepared in 
water and, when necessary, used to prepare more di-
luted solutions. If necessary, the pH of the solutions 
was adjusted to avoid metal hydrolysis. The pharma-
ceutical formulations were prepared by pulverizing ten 
medicine tablets followed by dissolution of portions of 
the resulting powder with acetone. The solutions were 
vacuum filtered in a Buchner device using quantitative 
filter paper which was carefully washed with acetone. 
For some experiments, a known amount of ciprofloxa-
cin was mixed with either moxifloxacin or gatifloxacin 
pharmaceutical formulation powders before dissolution 
in acetone. Urine samples were diluted by the addition 
of acetone/buffer aqueous solution in order to get a 
ten-fold dilution (in volume) and in a final aqueous so-
lution containing 25% acetone, in volume, and 20% of 
buffer, in volume, at a specific pH value.

2.4. Procedures
Substrate (filter paper) background reduction con-

sisted of washing paper strips with boiling water in a 
Soxhlet apparatus for 2 h. After dried under an infrared 
lamp, the paper was exposed to ultraviolet radiation for 
another 2 h. These solid substrates were cut in circles 
(18 mm in diameter) to be used during the analysis. The 
surface of these cellulose substrates were modified by 
spotting 5 µL of SDS solution (0.25 mol L-1) on the cen-
ter of the circle. After dried, each of the all employed 
solutions was spotted also in the centre of the substrate 
in the following order: 5 µL of heavy atom solution and 
5 µL of the analyte solution using a 1-10 µL adjustable 
microliter pipette. When performing multiple additions 
of the SDS solution or the heavy atom salt solutions, a 
first 5 μL addition was made on the centre of the sub-
strate which was dried, under an infrared light, before 
the addition of the second 5 μL aliquot, also on the 
centre of the substrate. The spotted substrates were 
vacuum-dried at room temperature for 2 h and were 
then placed in a desiccator until the measurements 
were carried out. The desiccator was covered with alu-
minum foil to shield substrates from ambient light. In 
order to make the analytical measurement, these circles 
were placed on a clean sample holder and inserted in 
the front surface instrument accessory. Sample com-
partment was continuously purged with dry nitrogen 
gas for 3 min prior to each measurement.

3. Results and discussion
3.1 Room temperature phosphorescence of 

ciprofloxacin, gatifloxacin and moxifloxacin
De-oxigenated environment and immobilization of 

the analyte (for instance, in a cellulose substrate) are 
fundamental conditions to allow the observation of 

Determination of ciprofloxacin by synchronous scanning room-temperature phosphorimetry
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phosphorescence since they minimized non-radiative 
deactivation of the excited triplet state caused by dy-
namic quenching and vibrational relaxation. The use of 
the external heavy-atom effect may induce or signifi-
cantly amplify phosphorescence by enhancing both the 
rate of intersystem crossing (excited singlet state – ex-
cited triplet state transition) and the phosphorescence 
rate constant. The selective nature of such effect has 
made SSRTP a useful analytical tool for the determina-
tion of trace amounts of substances of biological, envi-
ronmental and pharmaceutical interest14,15.

Room-temperature phosphorescence of ciprofloxa-
cin, gatifloxacin and moxifloxacin were studied in SDS-
modified filter paper using different heavy atom salts as 
potential phosphorescence inducers. Surfactants such as 
SDS create conditions for a better interaction between 
the analyte and the substrate and the approximation 
between the phosphor and the heavy atom enhancer. 
It also impedes the migration of phosphors into the in-
ternal layers of the cellulose substrate becoming readily 
accessible to the excitation radiation. The analytes (5 
µL of a 5x10-5 mol L-1 solution) were placed on the cen-
ter of the substrate from an acetone/water 25/75% v/v 
carrier solution. It can be seen in Table I that phospho-

Aucelio RQ e Nava-Junior IS 

Table I. Effect of several heavy atom saltsa on the phosphoresce of ciprofoxacin, 
moxifloxacin and gatifloxacin (5x10-5 mol L-1) on cellulose substrate modified with SDS.b

Fluorquinolone Analyte carrier 
solution

Net RTP (arbitrary units)
λexc/λem (nm)

TlNO3 AgNO3 Pb(NO3)2 CdCl2 Th(NO3)4

Ciprofloxacin Acetone/water
67

263/525
39

290/506
90

288/481
55

282/443
119

288/447

Gatifloxacin Acetone/water
56

262/502
- - - -

Moxifloxacin Acetone/water
77

298/509
50

297/513
63

298/498
-

33
303/402

aHeavy atom salt solutions: TlNO3 0.25 mol L-1; AgNO3 0.5 mol L-1; Th(NO3)4 0.5 mol L-1; CdCl2 0.5 mol L-1. bSDS 0,25 mol L-1.

rescence from ciprofloxacin is induced in the presence 
of all heavy atoms tested. In contrast, phosphorescence 
from gatifloxacin was observed only in the presence of 
Tl (I).  In the case of moxifloxacin, phosphorescence was 
observed in the presence of all heavy atoms but not 
in the presence of Cd (II). However, when Th (IV) was 
used as the phosphorescence inducer for moxifloxacin, 
two important characteristics were found when com-
pared with the ones of ciprofloxacin in similar condi-
tions: (i) the maximum wavelengths of the excitation 
and emission phosphorescence bands of moxifloxacin 
was significantly different from the ones observed for 
ciprofloxacin and ii) for moxifloxacin, the lowest phos-
phorescence was found in the presence of Th (IV) while 

the maximum phosphorescence from ciprofloxacin was 
found in the presence of the same heavy atom. From 
these preliminary results, CdCl2 and Th(NO3)4 were cho-
sen as phosphorescence inducers based on their po-
tential selective discrimination of ciprofloxacin towards 
gatifloxacin and moxifloxacin.  

Literature indicates significant differences on the 
phosphorescence intensities when fluorquinolones 
such as levofloxacin and norfloxacin are placed on 
the cellulose substrates from analyte carrier solutions 
with different pH values12. Therefore, phosphorescence 
from ciprofloxacin, in the presence of either CdCl2 or 
Th(NO3)4, was measured after ciprofloxacin was spotted 
onto SDS-treated filter paper from carrier solutions with 
pH adjusted from 2 to 12 (adjusted by using Britton-
Robinson buffer in the aqueous phase of the solvent 
system). In substrates containing Th(NO3)4, the best sig-
nal was observed at pH 5, close to the one of the origi-
nal acetone/water 25/75% v/v ciprofloxacin solution 
(pH 5.4).  Therefore, no buffered solutions were used 
when analyzing ciprofloxacin in such conditions. In con-
trast, basic solutions of ciprofloxacin (pH 10) resulted 
in intense phosphorescence when placed in substrates 
containing CdCl2 (Figure 2). 

Figure 2. Ciprofloxacin room-temperature phosphorescence induced by 
(A) CdCl2 and (B) Th(NO3)4 in function of the pH of the analyte carrier 
solution.
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3.2. Maximization of room-temperature phospho-
rescence of ciprofloxacin

Room-temperature phosphorescence from cipro-
floxacin was maximized by performing univaried stud-
ies from which variable levels were chosen to perform a 
further two level factorial design (23) in order to identify 
any interaction among the chosen variables, to make 
the final adjustment of experimental conditions and to 
evaluate the robustness of each of the variables. 

The external heavy atom effect can be maximized 
by adjusting the amount of the heavy metal salt on 
the substrate where the analyte is placed16. In order 
to do that, a single 5µL volume of either Th(NO3)4 
or CdCl2 solutions of different concentrations were 
used to obtain amounts between 12 and 600 μg of 
Th(NO3)4 or amounts between 9 and 460 μg of CdCl2 
on the center of the substrate. In both cases, the 
maximum phosphorescence was observed using the 
higher amount of these salts (Figure 3). Due to the 

limited solubility of the salts in water, higher amount 
of salt could only be derived on the substrate by add-
ing higher volumes of solutions. However, using such 
approach, the desired amount of salt would not be 
concentrated in the centre of the substrate because 
of the spreading of solution in the substrate. The al-
ternative approach is to use a multiple additions of 5 
μL of the most concentrated solution. In this case, the 
second addition is made only after the first amount of 
solution is dried under an infrared lamp. The evalua-
tion considering multiple additions of the heavy atom 
salt solution is included in the factorial design.

In order to complete the optimization, a two level 
factorial design was performed using three variables: 
(i) pH of the analyte carrier solution to be delivered in 
the centre of the substrate, (ii) mass of the heavy atom 
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salt on the centre of the substrate and (iii) mass of SDS 
on the centre of the substrate. 

The presence of 360 μg of SDS (5 μL of  a 0.25 mol 
L-1 solution) on the center of the surface of the cel-
lulose substrate was found to improve three times the 
phosphorescence from ciprofloxacin in the presence 
of Th(NO3)4, when compared to the signals achieved 
in substrates containing no surfactant. In the pres-
ence of CdCl2 as the phosphorescence inducer, a two-
fold ciprofloxacin signal improvement was achieved 
in substrates containing SDS. For the factorial design, 
the lowest level (-) was set to be one single addition 
of SDS solution (360 μg) while the highest level (+) 
was 720 μg of SDS obtained from two additions of 
the SDS solution on the centre of the substrate. For 
the heavy atom salts, a single (-) and two sequential 
additions of 5 μL of either Th(NO3)4 0.50 mol L-1 or 
CdCl2 0.50 mol L-1 were used. Therefore, the facto-
rial design included 600 μg (-) and 1200 μg (+) of 

Th(NO3)4 or 460 μg (-) and 920 μg (+) of CdCl2. Finally, 
for the pH a small range was chosen for the experi-
ment in order to test the robustness of the parameter. 
Therefore, for the phosphorescence of ciprofloxacin 
induced by Cd (II), the lowest level (-) was set to be pH 
10 and the high level (+) was pH 10.5 while for the 
phosphorescence of ciprofloxacin induced by Th (IV) 
the lowest level (-) was set to be pH 5 and the high 
level (+) was pH 5.5.

The result of this 23 factorial planning was evalu-
ated through Pareto charts which indicated that none 
of the interactions among variables are relevant, and 
there are robust conditions in the chosen range for all 
of the variables (no statistical differences between the 
results achieved using the chosen experimental levels). 
Table II shows the optimized experimental conditions for 

Figure 3. Effect of the mass of the heavy atom salt on the phosphorescence of ciprofloxacin in cellulose substrate.
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maximum room-temperature phosphorescence of cipro-
floxacin induced by Th (IV) and induced by Cd (II) whose 
spectra are indicated in Figure 4.

Figure 4. Ciprofloxacin room-temperature phosphorescence excitation 
and emission spectra in cellulose substrates under the optimized condi-
tions using (A) CdCl2 and (B) Th(NO3)4.

3.3 Evaluation of interferences from moxifloxacin 
and gatifloxacin in the ciprofloxacin phospho-
rescence

An interference study was performed in order to 
evaluate the influence of increasing concentrations 
of gatifloxacin and moxifloxacin on the ciprofloxa-
cin phosphorescence induced by either Th(NO3)4 or 
CdCl2. In order to perform such evaluation, phos-
phorescence from ciprofloxacin (ICIP) was compared 
to the ones observed from synthetic mixtures con-
taining ciprofloxacin and increasing concentrations 

of either one of the other two fluorquinolones 
(I(CIP + GAT) or I(CIP + MOX)). Results in Table III indicate that 
when using Th (IV) and synchronous scanning with 
∆λ = 237 nm, the selective determination of cipro-
floxacin can be performed in samples containing 
either gatifloxacin or moxifloxacin if the molar pro-
portion of them does not exceed two times the one 
of ciprofloxacin. For the other mixtures, severe non-
spectral interferences were found as indicated by the 
ICIP/I(CIP + GAT)  and ICIP/I(CIP + MOX)  values higher than the 
unit. However, such non-spectral type of interference 
may be promptly corrected by using analyte addition 
technique. In contrast, using Cd (II) and synchronous 
scanning with ∆λ = 170 nm, non spectral interferenc-
es are found even in samples containing equimolar 
quantities of ciprofloxacin and the interferent fluo-
rquinolone (gatifloxacin or moxifloxacin).

Since up to 30% of the ingested quantity of fluo-
rquinolones is eliminated in urine in the original form, 
a study to evaluate the potential detection of cipro-
floxacin in urine was performed. The results indicated 
that urine matrix imposes non-spectral interferences 
on the phosphorescence signal of ciprofloxacin, there-
fore, cleaning up procedures to reduce protein con-
tent of the biological sample were applied (protein 
precipitation with methanol or ammonium sulfate), 
however, such approaches did not solve the interfer-
ence problem. Interferences were promptly minimized 
a ten-fold dilution of the sample using acetone/water 
solvent system. The dilution of the sample is in part 
compensated by the good detectability of the method. 
Potential interferences from ciprofloxacin metabolites 
were not evaluated due to the lack of standards.

3.4. Analytical figures of merit
The analytical figures of merit for ciprofloxacin were 

obtained under the experimental conditions optimized 
indicated in Table II. In the presence of Th (IV) as phos-
phorescence heavy atom inducer, the absolute limit of 
detection (ALOD) of 9.6 ng was calculated while the 
absolute limit of quantification (ALOQ) was 31.7 ng. 
Using Cd (II) as the heavy atom inducer, the ALOD and 
ALOQ were respectively 7.1 and 23.6 ng. ALOD and 
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Table II. Optimized conditions for the determination of ciprofloxacin using SSRTP.

Parameter
Heavy atom salt

λexc\λem

CdCl2
282\452 nm

Th(NO3)4

288\525 nm

∆λ 170 nm 247 nm

Buffer pH 10 Non buffered

Mass of salt on substratum 460 µg 600 µg

Mass of SDS on substratum 360 µg 360 µg
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ALOQ were calculated based on the following equa-
tions: 3sb m

-1 V MM and 10sb m
-1 V MM, where sb is 

the standard deviation from 16 blank determinations, 
m are the slopes of the analytical curves, MM is the 
molar mass of ciprofloxacin and V is the analyte vol-
ume deposited on the substrate (5 µL).

The analytical curves showed linear dynamic ranges 
that extended from the ALOQ to at least 415 ng of cipro-
floxacin. The analyte curve equations were Y = 0.41 ng-1 
X + 44 for substrates containing Th(NO3)4 and  Y = 1.11 
ng-1 X + 59 for substrates containing CdCl2. The curves 
presented a homoscedastic behavior and their deter-
mination coefficients were close to the unity (R2>0.99). 
Evaluations of the repeatability were performed using 
two different masses of the analyte (83 and 331 ng). The 
relative standard deviation of the measured values varied 
from 3.2 to 6.6% what can be considered satisfactory 
for measurements from solid substrates.

3.5. Application of the method 
The proposed SSRTP method was applied for the 

quantification of ciprofloxacin in one commercial phar-
maceutical formulation. Other two simulated formu-
lations were also analyzed. These simulated samples 
were prepared by mixing a known amount of cipro-

Determination of ciprofloxacin by synchronous scanning room-temperature phosphorimetry

floxacin standard with the pulverized pharmaceutical 
formulation of either gatifloxacin or moxifloxacin in 
order to get ciprofloxacin/gatifloxacin or ciprofloxacin/
moxifloxacin proportions of either 1/1 or 1/2 w/w. The 
recovery values were calculated based on the cipro-
floxacin quantity indicated on the medicine instruction, 
which agreed with experimental results found using a 
reference HPLC with fluorescence detection17. Recov-
ery tests were made using each one of the heavy atom 
salts as phosphorescence enhancer in order to get a 
comparison of performance. The tabulated values are 
averages of three different determinations performed 
in three different days and a Student t-test (at 95% 
confidence level) was used to statistically compare the 
experimental result with the reference one.

The determination of ciprofloxacin in the pharma-
ceutical formulation was successfully achieved with re-
coveries of 97.9 ± 4% (using Th(NO3)4) and 103.8 ± 
1% (using CdCl2) indicating no interference problems 
imposed by the matrix components. For synthetic mix-
tures, results in Table IV indicates that the use of Th 
(IV) allowed accurate ciprofloxacin determinations in 
1/1 and 1/2 w/w ciprofloxacin/gatifloxacin or ciproflox-
axin/moxifloxacin mixtures. Spectral interferences were 
found when larger proportions of moxifloxacin and 

Table IV. Recovery tests using simulated pharmaceutical formulations using synchronous scanning SSRTP.

Analyte Concomitant 
florquinolone 

Analyte/concomitant 
florquinolone 

proportion
Analyte recoveriesa

Th(NO3)4 CdCl2
Ciprofloxacin Gatifloxacin 1/1 103 ±  8.8% 56.4 ± 4.7%

Ciprofloxacin Gatifloxacin 1/2 97 ± 11% 22 ± 8%

Ciprofloxacin Moxifloxacin 1/1 94.3 ± 3.6% 61 ± 12%

Ciprofloxacin Moxifloxacin 1/2 99 ± 7.4% 36.3 ± 3.8%
a Average of three determinations (n=3).

Table III. Evaluation of interferences of gatifloxacin and moxifloxacin in the ciprofloxacin phosphorescence using synchronized scanning.

Mixture
(molar proportion) Th(NO3)4 CdCl2

Ciprofloxacin/Gatifloxacin ICIP/I(CIP + GAT)

1/1 0.99 1.86

1/2 0.98 2.49

1/5 3.12 2,49

1/10 4.14 3.31

Ciprofloxacin/Moxifloxacin ICIP/I(CIP + MOX)

1/1 1.00 1.49

1/2 0.97 2.11

1/5 0.66 2.85

1/10 0.47 2.85
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gatifloxacin were present as indicated by the percent 
recoveries significantly higher than 100%. On the other 
hand, CdCl2 could not allow satisfactory results even in 
1/1 w/w mixtures of ciprofloxacin/gatifloxacin and cip-
rofloxacin/moxifloxacin. 

Tests using urine samples fortified with ciprofloxa-
cin was also performed. Recoveries between 98.6 and 
107.1% were achieved in urine samples ten times di-
luted in the acetone/water solvent system. These results 
indicated the potential feasibility of the method in such 
biological sample.

4. Conclusions
The developed SSRTP based allowed accurate and 

precise determination of ciprofloxacin. The method pre-
sented satisfactory figures of merit with ng level detect-
ability achieved by using SDS-treated cellulose substrates 
and heavy atom salt phosphorescence inducers (Th(NO3)4 
or CdCl2). Synchronous scanning allowed a certain de-
gree of selectivity towards gatifloxacin and moxifloxacin. 
In the selective point of view, the presence of Th (IV) al-
lowed better results. The method can be readily used to 
quantify ciprofloxacin in pharmaceutical formulations 
and this study also indicates that SSRTP can be used as 
a simple approach to detect counterfeit medicines that 
have been adulterated by replacing new generation and 
expensive fluorquinolones (gatifloxacin and moxifloxacin) 
with ciprofloxacin which is a cheaper active components. 
Trace-level determination in urine samples is possible.
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Introduction
Oxidation state and chemical form are important fac-

tors which influence the toxicity, bioavailability and mo-
bility of chromium. For example, trivalent chromium (CrIII) 
is essential for many biochemical mechanisms in contrast 
to hexavalent chromium (CrVI) which is highly toxic due to 
its high oxidation potential and ability to attack the skin, 
respiratory and digestive systems [1]. There is an increas-
ing requirement for methodologies to enable sensitive, 
quantitative chromium speciation analyses in order to 
determine concentrations of toxic and/or nontoxic spe-
cies and to better understand the implications of total 
chromium concentrations [2]. Speciation analysis using 
inductively coupled plasma mass spectrometry (ICP-MS) 
as detector is an important tool because of its charac-
teristics, such as extremely low detection limits (LOD) for 
almost all elements, wide linear range, the possibility for 
multi-elemental analysis and the possibility to apply iso-
tope dilution mass spectrometry (IDMS) [3].

Chromium is employed in a number of industrial 
applications (e.g. chromium plating, stainless steel pro-
duction, paint, pigment and cement manufacture) and 
occupational exposure issues have prompted the imple-
mentation of a number of directives for the protection 
of employees in the workplace. According to the Eu-
ropean Commission (EC) directive 2003/53/EC [4], wet 
cement should contain no more than 2 ppm hexavalent 
chromium and according to the directive 2000/53/EC 
[5], no more than 2 g of hexavalent chromium can be 
used in anti-corrosion coatings on road vehicles. Ad-
ditionally, the ‘Occupational Health and Safety Admin-
istration’ (OSHA) have recently proposed a permissible 

exposure limit of 0.5 μg/m3 CrVI in workplace atmo-
spheres [6].

This work describes the use of an HPLC-ICP-MS 
instrument to enable the determination of chromium 
species in cement extracts and airborne workplace par-
ticulates. Chromium species were separated on-line pri-
or to ICP-MS detection using a cation exchange station-
ary phase in conjunction with a 100 % aqueous acidic 
mobile phase. The HPLC-ICP-MS methodology was 
validated using a CRM (NIST CRM-545, welding dust). 
Method detection limits (MDLs) and limits of quantifi-
cation (LOQ) were determined using the 3σ and 10σ 
models respectively based on repeat injections of the 
calibration blank (n=5).

Sample Preparation
Cement extracts were prepared according to the 

Technical Regulations for Dangerous Materials method 
TRGS 613 (Germany). 10.0 g of sample were mixed 
with 40 mL of water for 15 min at 300 rpm using a 
mechanical shaker. The extracts were centrifuged at 
3000 rpm for 20 minutes and then filtered through a 
0.45 μm filter. Samples were diluted appropriately with 
ultra-pure water and aliquots then used for the specia-
tion analysis.

A surface area (static) dust sample and filters contain-
ing airborne particulate matter collected from a stain-
less steel manufacturing plant were prepared according 
to ISO 16740:2005, which specifies a method for the 
determination of the time-weighted average mass con-
centration of CrVI in workplace air [7]. Sequential sample 
preparation methods are specified for the extraction of 

Abstract
A HPLC-ICP-MS method was developed to analyze trivalent and hexavalent chromium 
in cement extracts and airborne particulates. Method validation was performed using 
a NIST Certified Reference Material (CRM-545) and agreement between the measured 
and certified values was achieved. The determined method detection limits (MDLs) were 
0.10 μg/kg for CrVI and 0.64 μg/kg for CrIII. The determined limits of quantification 
(LOQs) were 0.35 μg/kg for CrVI and 2.13 μg/kg for CrIII. The developed methodology 
allowed for sensitive and accurate chromium speciation in real samples of cement and 
dust extracts.
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soluble and insoluble hexavalent chromium. The surface 
area dust sample and filters (Teflon) were firstly extracted 
with 10 mL (NH4)2SO4-NH4OH buffer (0.5 M) at pH 8 for 
1 hour at ambient temperature. The first extractant was 
decanted into a clean dry vial and the samples were sub-
sequently extracted with 6 mL 2% NaOH / 3% Na2CO3 
for 1 hour in an ultrasonic bath. The second extractant 
was decanted into a clean dry vial. All extracted samples 
were diluted appropriately with ultra-pure water prior to 
analysis. The CRM BCR-545 (welding dust) was extracted 
according to the method outlined in the certification re-
port supplied with the CRM. The filter was leached with 
10 mL 2% NaOH / 3% Na2CO3 buffer for 30 min in an 
ultrasonic bath heated at 70 °C. The sample was then 
centrifuged for 2 min at 2500 rpm and diluted with ul-
tra-pure water prior to analysis.

Instrument Configuration
A Surveyor Plus HPLC system with autosampler was 

coupled to the XSeries 2 ICP-MS, all instruments from 
Thermo Fisher Scientific. The ICP-MS was operated un-
der standard hot plasma conditions using a one-piece 
quartz torch with 1.5 mm ID injector. The spray cham-
ber was cooled to 2°C with a Peltier cooling device. 
PlasmaLab and Xcalibur software packages (Thermo 
Fisher Scientific) were used in conjunction with an Ex-
ternal Trigger Card to enable automated HPLC acces-
sory control using bi-directional communications and 
intelligent peak integration facilities. The associated 
HPLC parameters and analytical conditions for HPLC-
ICP-MS are shown in Table I.

Table I. HPLC-ICP-MS conditions

Results and Discussion
The HPLC methodology enabled separation of CrVI 

and CrIII species with retention times of 90 and 395 
seconds respectively (Figure 1 (a.)). External calibration 
curves were generated in PlasmaLab using a blank and 
CrVI and CrIII calibration standards at 0.5, 1, 2, 10 and 
25 ng/g (Figure 2). Quantification of CrVI and CrIII spe-
cies was achieved in several samples using the exter-
nal calibration curves presented in Figure 2 and fully 
quantitative data processing was achieved using the 
software’s automated peak integration tools. Method 
validation was performed through triplicate analyses 
of one extract of CRM BCR-545 (welding dust). The 
associated quantitative data is presented in Table II 
and there is good agreement between the measured 
and certified values for CrVI (40.2 mg/g).

Figure 1.
(a) commercially available CrVI and CrIII standards at 5 ng g-1;
(b) cement extract 3 (x200 dil.);
(c) cement extract 6 (undiluted) - contains lignin sulphonate reducing agent;
(d) extracted surface area dust (x2 dil.) - soluble CrVI;
(e) extracted surface area dust (x20 dil.) - insoluble CrVI.

Nash, M et al
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Figure 2. Calibration curves for CrVI and CrIII calibration standards.

Chromium containing species were determined in 
six cement extract samples. Figure 1(b.) presents data 
derived from a cement sample that contains no reduc-
ing agents and Figure 1(c.) presents data for a cement 
extract known to contain lignin sulphonate as a reduc-
ing agent. The chromatographic peak observed in the 
void volume (52M+, Figure 1(c.)) was attributed to the 
formation of the 52ArC+ polyatomic species and this is 
confirmed by the overlay of the peak observed for 13C. 
All of the cement samples analyzed were found to con-
tain CrVI. However, the reducing agents in some cement 
samples were found to maintain the level of the water-
soluble CrVI concentration below the maximum permit-
ted value of 2 mg/kg.

Chromatograms for the dust sample extracted fol-
lowing the ISO 16740 protocol for soluble and insoluble 
Cr are presented in Figure 1(d.) and Figure 1(e.) respec-
tively. A chromatographic peak was observed in the void 
volume for the extract prepared for soluble CrVI analysis 
when examining the 52M+ data. However, concomitant 
peaks were also observed at 51M+ and 53M+ reflecting 
the natural isotopic ratio of 35Cl and 37Cl (i.e. as 51ClO+ 
and 53ClO+ polyatomic species). As a result of this, the 
52M+ peak was attributed to formation of the 52ClOH+ 
species. A 52M+ peak was also identified in the void vol-
ume for the extract prepared for analysis of insoluble CrVI 
although this peak was not attributed to the formation 
of 52ArC+ or 52ClOH+ species. Further work is required to 
confirm the origin of this chromatographic peak.

A series of spike recovery samples were prepared 

to validate the analytical methodology and ensure that 
there is no reduction of CrVI to CrIII due to interactions 
with the polymeric media in the filters or during extrac-
tion process. Spikes of 100 ng CrVI were added to a filter 
extract during the extraction process and also to two fil-
ters prior to the extraction. The associated spike recovery 
data is presented in Table II and the complete recovery 
of the spiked concentrations confirm the accuracy of the 
methodology.

Table II. HPLC-ICP-MS fully quantitative sample data

Chromium speciation in cement extracts and airborne particulates using hplc coupled with icp-ms
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The MDLs and LOQs for CrVI and CrIII species were 
determined in accordance with the 3s and 10s models 
respectively using fully quantitative analyses of method 
blanks (n=5) and the associated figures of merit are pre-
sented in Table III. 

Table III. MDL and LOQ Data

Conclusions
The External Trigger Card and PlasmaLab soft-

ware features permit automated instrument opera-
tion and integration for the routine speciation of 
chromium using HPLC-ICP-MS. The above described 
methodology provides a validated solution for rapid 
and accurate determination of CrVI and CrIII species, 
addressing the current requirement for assessment 
of occupational exposure and monitoring the work-
place environment.
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Point of View

One important difference between developed and in development societies 
is the cost and speed of creation and flow of knowledge. Knowledge, and all 
its consequent innovations in science and technology, is a critical step towards 
an affluent society. Surely we need institutions for research and development, 
but simultaneously we must improve the information exchange between 
productive sectors in academy, industry and society. Information must fly 
smoothly and in a cost effective way. 

All this was already known before our digital era, as clearly stated by David 
S. Landes in “The Wealth and Poverty of Nations” by pointing out: “the 
invention of invention, that is, the routinization of research and its diffusion”. 
Nowadays, despite it may be seem just as a truism, diffusion still requires 
improvements in countries in the stage of development that Brazil is going 
through. No doubts we are evolving to become one of the most powerful 
world economies during the coming decades, but we need to speed up the 
process and disseminate it around all active partners and to the well-being of 
the society. 

The launching of Brazilian Journal of Analytical Chemistry (BrJAC) is a 
milestone with full potential to expand the flow of knowledge. The integration 
of academy and industry is a must and BrJAC will certainly play a major role 
in putting them in contact. Why now? Why not before? Because now we 
have both the combination of economic strength and innovation in academic 
research in analytical chemistry in Brazil, as recently stated: “…analytical 
chemistry is healthy and growing, and is ready to support the new role of the 
country as an emerged power” (J. Braz. Chem. Soc.,20(10):1759,2009). 

Great and successful steps were already surpassed, but there is a long 
and challenging road ahead. We need more engineers and scientists to grow 
our market competitiveness. We need all professionals connected in well 
established networks and with clear targets. Bring your knowledge and share 
it. Let us join forces and work together! 

Joaquim A. Nóbrega
Department of Chemistry

Federal University of São Carlos

Steps of Development
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Direct seeding is the most evident example that only innovation is able to 
lead a country toward economic independence. Brazil use to apply imported 
technology in every productive field. The first sector to develop its own 
technology was agriculture in the last century. Only 35 years were enough 
to bring Brazil to the largest agricultural economy in the world, which is not 
a very evident statistics. This is because, specially european countries heavly 
subsidize their agriculture.

According with IMF (2009), Brazil, England, Russia and France are at same 
GDP level, around US$2,100 billion, which put our country among the six 
largest economies. For this to reach Germany, however, is a very big jump 
toward US$2,800 billion. This slope must be scaled by innovation at sectors, 
which have been seen as too high for Brazil’s human resources.

This is not a question of producing aircrafts, ships or trains. This is a 
question to develop innovation in transportation systems to be able to supply 
the country with infra-structre without being obliged to follow first world 
countries step by step. To go forth in development is to invest in domestic 
inteligence, which is able to create domestic solutions to be copied by less 
developed countries instead of try to follow those who are ahead. To copy 
will lead us to the second place in every sector, never to the first position, just 
because, as soon as a new step is scaled, innovator country will have scaled 
one more.

Now is the time to decide. What is our goal? If the target is to be the 
first, academy must be ready to do high level research, while industry need 
to be prepared do absorb not only this knowledge but to employ those who 
have just produced this at the university. Perhaps, the most important idea 
that must be undestood by braziliam society is that the paper of academy 
is to produce primary research, while the role of industry is to pick this and 
transform in products, goods and services.

Luiz Alberto Melchert de Carvalho e Silva
Economist and Consultant in Agrobusiness

Why running just to run after?

Point of View
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The Newsletter Analitica is a reliable technical-scientific 
information source to the professionals in analytical 
chemistry

Releases

Sign up at analiticaweb.com.br/newsletter 
to freely download the works of your interest and to receive future editions

With seven monthly issues already published, the electronic Newsletter Analitica is a 
safe and reliable source of useful information to laboratory professionals.
In each edition of the Newsletter Analitica, experimental works developed by Ther-
mo Scientific experts in chromatography, mass spectrometry, elemental and molecular 
spectrophotometry are presented. These works are applied to strategic areas such as 
environment, food safety, biofuels, proteomics, pharmaceuticals, forensics and many 
others. In general, the works are intended to address current problems and difficulties 
of the analytical laboratories in universities, research institutes, industries and compa-
nies providing services. Methods developed with the latest technology and validated in 
accordance with international standards, and new solutions to achieve lower limits of 
detection, high throughput and low consumption of reagents are presented.

Live or recorded Webseminars, events such as national scientific meetings devoted to 
different areas of knowledge and relevant laboratory news are published too. 
Access analiticaweb.com.br/newsletter to search for the previous editions of the News-
letter Analitica and sign up to receive the future editions.

Contact:
55 11 2162 8091
revista@novanalitica.com.br
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BrJAC, the Brazilian Journal of Analytical Chemistry, 
is published quarterly in English by DKK Comunicação, 
in its printed and electronic versions. It is intended for 
professionals and institutions acting in the Chemistry area.

Papers for publication must be submitted exclusively to 
BrJAC, in English. Previously published articles will not be 
accepted.

Categories – BrJAC publishes articles in the following 
categories:
a) Unpublished papers: new information on analytical rese-

arch. Such articles should not exceed 25 (twenty five) 
pages.

b) Reviews: scientific articles on well established subjects, 
including a critical analysis of the bibliographical referen-
ces, and conclusions. Such articles should not exceed 40 
(forty) pages.

c) Technical and scientific information: case reports, presen-
tation of new techniques, methods and equipment.

d) Miscellaneous articles: Those that do not fit into any of 
the above categories but are of acknowledged interest 
for Analytical Chemistry.

e) Letter to the Editor: comments, praises, criticism, sugges-
tions and consultations to Authors are welcome and will 
be published at the discretion of the Editor-in-Chief.

f) Editorials
g) Book Comments
h) Presentation of novelties, always relevant to the area.

Manuscript preparation: Authors must present the 
manuscript in the most clear and succinct manner 
possible. The Introduction must include in a succinct 
manner important references, concerning both the nature 
of the problem being investigated and its background. 
The manuscript must include Introduction, Experiment, 
Results/Discussion and Conclusion and should not exceed 
25 pages, including tables, figures and diagrams, and all 
pages must be numbered. All papers must be typed with 
double spacing using Microsoft Word only. Then a single file 
must be generated in the Portable Document Format (pdf) 
including the entire article, to be sent via e-mail (in the near 
future submission will be online through BrJAC’s site (under 
construction).

Organization of the electronic file: all parts of the 
manuscript must be included in one single file organized as 
follows: cover page, text, bibliographical references, figures 
(with subtitles), tables and charts (with subtitles).
1st page: submission letter of the material including name, 
address, phone number and e-mail address of the main 
author, establishing the exclusiveness of publication in 
BrJAC, in case the article is published.
2nd page: (cover page) Article’s title, which must be short, 
clear and succinct to facilitate its classification. A subtitle 
may be used, if needed. This page must include the full 
name of the author(s), their titles and institutions. Other 
collaborators’ names may be included at the end, in 
Acknowledgments. In a separate paragraph, indicate the 
place where the study was performed.
3rd page: abstract with a maximum of 250 (two hundred and 
fifty) words; it must include the work’s objective, essential 
data of the methods employed, and the main results and 

conclusions. Next, list the main terms or words to be used 
for bibliographic classification (keywords).
4th page: begin the text on the fourth page with the title 
of the article, without indicating the author(s) or the place 
where the work was performed. Unpublished articles must 
include the following chapters: Abstract, Introduction, 
Methodology, Results, Discussion and Bibliographical 
References.
Bibliographical References: begin a new page. The article 
must include only the consulted references, numbered 
according to their appearance in the text. Other authors’ 
citations already numbered must indicate exclusively 
the reference numeral: avoid mentioning the name of 
the respective author. It is not recommended to mention 
several authors with identical concept (prefer the author 
who demonstrated it). It is recommended to avoid citations 
older than 5 (five) years, except in relevant cases. Include 
references that are accessible to readers. If the citation refers 
to an article already accepted for publication, mention as 
“in process of publication” and, if possible, mention the 
journal and year. Personal communications may be accepted 
exceptionally.

Please use the following model:
•	 Journals: name(s) of author(s), first name(s) initial(s) – 

Title of paper. Name of journal (abbreviated as defined by 
the Chemical Abstracts Service Source Index – see http://
www.cas.org/sent.html), year of publication; volume; 
number of first and last pages.
1.	Barma, T.Y.; Song, B.J.; L..China Chem. Soc. 1997, 87, 

418.
If it is difficult to access the Journal, we recommend that 

you include its Chemical Abstract number, as follows:
2.	Chistyvst, L.K.; Andrenev, I.D.; Karol, F.W.; Cyrus, 

G.H.; Zabrousk. Tacsh. Wilheim. Lyris.; Huil. Garm. 
Visijak. 1987, 28, 816. (BI 97:89745s). 

If the paper does not have a full reference, please 
mention doi as follows:
3.	Striver, J.; Costa, T.C.; Pial, Q.P.; Temiza, V.L.; Vargas, 

V.N.; Metalochimica Acta (2004), doi:20.4598/v.
metalacta.2006.15.023.

We recommend the use of compound references, 
whenever possible, instead of individual references, 
following the style below:
4.	Varela, H.; Torresi, R.M.; J. Eletrochem. Soc. 2000, 

147, 775; Lemos, T.L.G.; Andrade, C.H.S.; Guimarães, 
A.M.; Wolter-Filho, W.; Braz-Filho, R.; J. Braz. Chem. 
Soc. 1996, 7, 123; Ângelo, A.C.D.; de Souza, A.; 
Morgon, N.H.; Sambrano, J.R.; Quim. Nova 2001, 24, 
473.

•	 Books: name(s) of author(s), first name(s) initial(s) – title 
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