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The present paper presents advantages, limitations and applications of a reflux system (cold finger) employed
for sample preparation during determination of volatile elements. Also other techniques employed for sample
preparation in the determination of volatile elements are discussed and compared. A list of ten papers published
reporting use of cold finger as reflux system are being cited and discussed.
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1. Introduction

Arsenic, antimony, cadmium, lead and mercury are chemical ele-
ments of great toxicity, which are often determined in environmental,
geological, food and biological samples [1–3]. The quantification of
these elements is relatively easy, considering mainly the spectromet-
ric methods available [4–6]. However, the sample preparation step is
almost always complicated due to the volatile character of these ele-
ments [7].

Thewet-ashingmethod is the techniquemore used for sample prep-
aration in inorganic analysis [8,9]. This is carried out with addition of an
acid or mixtures of acids, in open vessels or in tubes, on hot plates or in
aluminum blocks with thermal heating. This technique can be used for
mineralization of all types of samples. Furthermore, the sample masses
and the acid volumes used in the procedures are not critically restricted.
Despite these advantages, this technique cannot be used for sample di-
gestion for determination of volatile species.

Nowadays, the microwave-assisted digestion with pressurized
closed-vessel systems is the technique most widely used for sample
preparation during determination of volatile species [10–12]. Micro-
wave heating has several advantages over conventional heating: the
digestion time is shorter; the amount of reagent required for mineral-
ization is reduced; the risk of sample contamination is also reduced.
However, the main limitation is the time required for cooling the
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vessel, which may take hours. The open focused microwave‐assisted
equipment operates under atmospheric pressure. These systems are
safe, versatile; and allow control of microwave energy released to
the sample. However, loss of volatile elements cannot be excluded
in open-vessel digestion [13].

Procedures involving Parr digestion bombs were widely used in the
past for sample mineralization during determination of volatile species.
These are closed systems that are heated by convection using conven-
tional oven. In these procedures, the sample amount used for digestion
is rigorously controlled because of risk of explosions [14–16].

The microwave acid digestion bombs are pressurized systems,
which were developed with plastic material allowing heating with
microwave radiation, using conventional oven [17,18]. These provide:
fast digestion times, temperatures to 250 °C, pressures to 1200 psi
and complete containment of volatiles. Also the mass and nature of
the sample are critical parameters due to the risk of explosions. Re-
cently, these bombs were employed for sample digestion of chicken
samples for determination of arsenic [19].

Procedures based on the formation of magnesium compounds have
been also proposed for sample preparation in the determination of vol-
atile elements. First, the sample in the presence of magnesium nitrate,
magnesium oxide and nitric acid is evaporated to dryness in sand
bath. Afterward, the residue is calcined in muffle furnace up to 450 °C
with gradual increase in temperature. The white ashes are dissolved
with hydrochloric acid solution. The analysis of several certified refer-
ence materials has confirmed the efficiency this digestion procedure.
Themain disadvantage is the risk of contamination due to large amount
of magnesium reagents that are used. This strategy has been employed
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during determination of arsenic [20], antimony [21], tellurium [22], and
selenium [23].

Slurry sampling is another strategy widely used in recent times for
sample preparation during determination of volatile elements employing
spectrometric methods [24]. This technique involves handling of sample
with diluted acid solutions, reducing the risk of contamination by re-
agents, under room temperature or eventually under temperature condi-
tions that are not critical to loss of volatile elements. Sample masses and
reagent volumes are not critical parameters, such as occur inmicrowave-
assisted digestion with pressurized closed-vessel methods. Slurry sam-
pling allows also the development of procedures of sample preparation
for speciation analysis methods involving volatile species as mercury
[25], arsenic [26–28] and antimony [29,30]. Obviously, this would not
be possible using microwave-assisted digestion or wet-ashing.

Solid sampling [31] constitutes today themost promising technique
for determination of volatile species. The elements can be determined
without use of reagents, without heating step, and higher sensitivity
than the slurry sampling because of the avoidance of analyte dilution.
Another distinct advantage of direct solid sampling is that samples of
different textures can be readily analyzed without further hindrance.

The sample preparation technique involving “cold finger system”

allows procedures of sample digestion for determination of volatile
elements. The loss by volatization is avoided due to the condensation
of the volatile species, under the reflux system formed by the cold fin-
ger. This technique combines the advantages of the wet-ashing tech-
nique, which are: sample masses and reagent volumes are not critical
parameters for the experiments; the risk of explosion is minimal; and
application for mineralization of several types of samples, including
organic and inorganic matrices.

2. Sample preparation involving acid digestion with heating under
reflux

2.1. Use of reflux condenser for condensation of volatile chemical elements

The first sample preparation methods involving reflux system for
condensation of volatile chemical elements were established using
conventional condensers. These are highly effective for condensation
of the volatile species but are not practical when the number of sam-
ples for digestion is large.

Nieuwenhuize et al. used reflux condenser in sample preparation
procedure for digestion of soil, sediment and sludge during determina-
tion of cadmium, chromium, copper, iron, manganese, lead and zinc
employing flame absorption spectrometry. The results obtained were
compared with those found using a microwave-assisted digestion pro-
cedure. Statistical test demonstrated that there is no significant differ-
ence between the analytical results achieved by two methods [32].

Saraswati and co-workers proposed wet digestion procedures
employing reflux condenser and mixture formed by nitric acid, sulfu-
ric acid and perchloric acid for determination of arsenic and selenium
by HG AAS and mercury using CV AAS in certified reference materials
of spinach and tomato leaves [33], estuarine sediment [34] and sludge
[35].

Ducros et al. proposed a method for the determination of selenium
in biological samples employing microwave digestion in an open-
vessel system by heating under reflux with nitric acid and hydrogen
peroxide. Thismethod is fast andwithout the use of perchloric acid [36].

2.2. Use of cold finger as reflux system in sample preparation

2.2.1. Fundamental principles of cold finger
The “cold finger” is a glass tube in the shape of finger that is placed

over the digester tube during procedures of acid digestion with heating.
In the coldfinger tubewater is put in order to cool the superior part of the
tube digester, thus causing reflux and condensation of volatile species,
avoiding the loss by evaporation. In these processes, the acids used for di-
gestion are also condensed by reflux.

The return of the acid for the digestion flask due to condensation is
regarded as an advantage and also a disadvantage. The advantage is
that during the digestion process generally addition of reagents is not
required, as almost always occurs in conventional procedures with
open system. Consequently, fewer reagents are consumed and thus
the risk of contamination by these will be lower. This justifies the use
of this reflux system in sample digestion procedures for the determina-
tion of non-volatile elements such as calcium, magnesium, manganese,
copper and etc. [37].

The disadvantage is that residual solutions of the digestion processes
developed using the system reflux usually have a high acid concentra-
tion. This inconvenience, when possible has been solved by diluting
the final solution obtained in the digestion process. Another option is
to prepare the solutions of the calibration curves with the acid concen-
tration close to the acid concentration of the samples digested, avoiding
thus the matrix effect.

In our laboratory, these digestion processes have been performed
in digester block of aluminum with capacity for 40 runs and, digester
flask and cold finger tube with volumes of 90 and 40 mL, respectively.
During a digestion process the amount of refrigeration water put in
the tube is from 34 to 36 mL.

The schematic diagram of the digestion system is shown in Fig. 1.
In it can be seen the cold finger (a), digester tube (b) and cold finger
coupled to digester tube (c).
2.2.2. Applications of cold finger system in sample preparation procedures
Several authors have used this system in sample digestion process

[38–47].
Nano et al. established a sample digestion procedure using cold fin-

ger for the determination of the elements: arsenic, cadmium, barium,
calcium, copper, iron, magnesium, manganese and zinc in oyster tissue
using inductively coupled plasma optical emission spectrometry. The
proportion of the reagents: hydrochloric acid, nitric acid and peroxide
hydrogen was optimized employing a simplex centroid statistical mix-
ture design, being that all experimentswere performed using a standard
reference material of oyster tissue. The procedure proposed recom-
mends a mixture with composition of 21.4% for hydrochloric acid,
30.8% for nitric acid and 47.8% for peroxide hydrogen, considering com-
mercial solutions. The validation studies evidenced a good efficiency of
digestion procedure with recoveries between 84% and 110% [38].

Ferreira et al. proposed a direct method for the determination of
cadmium in wines by ET AAS. During the validation process another
method was also developed involving complete digestion with con-
centrated nitric acid and hydrogen peroxide under reflux (cold finger
system) for 2 h. The linear regression method was used to compare
the analytical results obtained with these two methods. The results
demonstrated that there is no evidence for a systematic difference be-
tween the two methods for the determination of cadmium in wine
[39].

Macedo et al. proposed a method for the determination of total ar-
senic in phosphate fertilizers and phosphate rocks by HG AAS. The di-
gestion procedure was performed using concentrated nitric acid and
hydrogen peroxide under reflux for 4 h employing cold finger. The
analysis of the certified reference material of marine sediment dem-
onstrated the accuracy of this procedure. The samples were also ana-
lyzed by another method employing slurry sampling and HG AAS. A
statistical test proved that there is no significant difference between
the analytical results achieved by these two methods [40].

Another paper used cold finger in sample preparation step of an
analytical procedure for the determination of total arsenic in airborne
particulate matter by HG AAS. The digestion was made using concen-
trated nitric acid under reflux for 2 h. The accuracy was confirmed by
analysis of a certified reference material of particulate matter [41].



Fig. 1. Schematic diagram. a. Cold finger tube;. b. Digestion tube;. c. Cold finger tube coupled
to digestion tube.
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A complete study evaluated the performance of a digestion proce-
dure under reflux using cold finger for the determination of lead in
plant foods employing ET AAS. The samples were digested for 4 h
using concentrated nitric acid and hydrogen peroxide. In this paper,
considering that during the digestion step the concentrated nitric acid
used is not volatilized, the external calibration technique employing
aqueous standards was established with efficiency for 2.6 mol L−1

nitric acid solutions. It was observed that the acid concentrations of
the residual solution after digestion varied from 2.4 to 2.8 mol L−1.
The accuracy of the method was confirmed by analysis of two certified
reference materials of leaves [42].

Dessuy et al. developed amethod for determination of cadmiumand
lead in beverages by ET AAS. The digestion procedure employed nitric
acid and hydrogen peroxide and heating under reflux using cold finger
[43].

Andrade et al. determined lead in sugar cane employing ICP-MS as
analytical technique. The digestion process involved concentrated nitric
acidwith heating in digester block under refluxusing coldfinger system
[44].

Silva et al. used concentrated nitric acid, peroxide hydrogen and a
reflux system with cold finger for digestion of rice samples for the de-
termination of cadmium employing ET AAS. The cadmium standard
solutions used for the external calibration technique were prepared
using 2.6 M nitric acid solutions of concentration, considering the
acid content of the residual solutions from digestion process that var-
ied of 2.4 to 2.7 M. The accuracy was confirmed by analysis of a certi-
fied reference material of rice flour [45].

Becker et al. performed a method for the determination of arsenic
in gasoline by HG AAS. The sample preparation process using reflux
system with cold finger was established in two steps: firstly, the sam-
ple was digested with concentrated sulfuric acid for 4 h, and after
concentrated nitric acid and peroxide hydrogen were added to con-
clude the digestion process. The accuracy of this digestion procedure
was confirmed by analysis of the certified reference material of resid-
ual fuel oil (NIST SRM 1634c Trace Elements in Fuel Oil) [46].

Ribeiro et al. [47] proposes a “coldfinger”with a newdesign as reflux
system in procedure of decomposition of biological samples for the de-
termination of mercury. In this work, the effect of temperature was
studied in order to compare the cold finger systemwith the convention-
al wet-ashing method (open system) during the digestion of different
species of mercury. Experiments were performed at temperatures of:
80, 100 and 120 °C, for the species: mercury (II) ion, methyl mercury
and ethyl mercury, all with final concentration of 5.0 μg L−1, being the
final mercury concentration determined by CV AAS. The results former-
cury (II) ion after the digestion using conventional system demonstrat-
ed a slight decrease in the initially concentration of mercury, with the
increase of the temperature, which evidences analyte losses by volatili-
zation. However, digestion in the presence of the coldfinger systempro-
vides results with constant concentration for mercury. Digestion of
methyl-mercury(+) and ethyl-mercury(+) in the experimental condi-
tions of: temperature of 80 and100 °C and digestion timeof 2 h showed
a low recovery formercury for both digester systems used (open system
and cold finger). However, for the temperature of 120 °C and digestion
time of 2 h, quantitative recoveries were found for both mercury spe-
cies. The authors concluded that the use of low temperature of digestion
and a relatively short time is not effective to complete the conversion of
organic species of this metal to its inorganic form. Thus, the procedure
established for the determination of totalmercury in this kind of sample
recommended a digestion step for 2 h at the temperature of 120 °C,
which is the boiling point temperature of nitric acid. The authors ob-
served also that the heating of the digester tube (at temperature of
120 °C) without the use of cold finger promotes the dryness of this
tube. When the cold finger system is used, this fact does not occur.
Thiswork evaluated also the efficiency of thedigestion process by deter-
mination of total organic carbon and residual acidity during the miner-
alization of three biological samples employing the open system and the
cold finger system. For total organic carbon the results were 15.4% for
the open system and 20.8% using the cold finger system. The authors
concluded that the cold finger system avoids the losses by volatilization
of volatile organic compounds. These data were not conclusive to evalu-
ate the efficiency of the two digestion methods. The results for residual
acidity demonstrated a reduction of 18% for the open system in compar-
ison with the cold finger system. These results also confirmed that the
acid is not lost during digestion using the cold finger.

3. Conclusions

Most of the published papers involving reflux system using cold
finger were developed as alternative methods to evaluate the accura-
cy of other methods. Thus, the information about the performance of
this system in these papers is very limited. Only three papers were
performed using the cold finger system as main subject of the work.

During a sample digestion process using reflux by cold finger, the
acid that is not consumed by the sample is not eliminated by evapora-
tion. Thus, the residual acidity should be measured, for that the stan-
dard solutions used for external calibration should have the same acid
concentration.

Considering that the acid used for digestion is not lost by volatili-
zation. The amounts required are lower, reducing the risk of contam-
ination due to reagent addition.

The conventional condensers with continuous water flow are effi-
cient for condensation of the volatile species; however the experi-
mental work is complicated when the sample number is large.

The bibliographic revision reports that cadmium, lead, arsenic, an-
timony and mercury have been determined in several samples after
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acid digestion with heating under reflux using cold finger. It was not
found papers involving selenium and tellurium.

Acid digestion using reflux system with cold finger is a simple and
economic strategy, which can be applied for mineralization of several
types of samples. The main disadvantage of this technique is the time
taken for digestion which is relatively high compared with other
procedures.
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