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Abstract

An on-line chromium preconcentration and determination system implemented with flame atomic absorption
spectrometry (FAAS) associated to flow injection (FI) was studied. For the retention of chromium, 4-(2-Thiazolylazo)-
resorcinol (TAR) and Amberlite XAD-16 were used, at pH 5.0. The Cr—TAR complex was removed from the micro-
column with ethanol. An enrichment factor of 50 was obtained for the preconcentration of 50 ml of sample solution.
The detection limit value for the preconcentration of 50 ml of aqueous solution of Cr was 20 ng 1~ !. The precision for
ten replicate determinations at the 5 pg 1=" Cr levels was 2.9% relative standard deviation (RSD), calculated from the
peak heights obtained. The calibration graph using the preconcentration system for chromium was linear with a
correlation coefficient of 0.9997 at levels near the detection limits up to at least 100 pg 1~ '. The method was successfully
applied to the determination of chromium in parenteral solution samples.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction role in the metabolism of glucose and some lipids.
Chromium deficiency is associated with cardiovas-

Chromium is ubiquitous in nature, occurring cular diseases and diabetes, while excessive
under various chemically, physically and morpho- amounts of this element, particularly in the more
logically different forms [1]. It is an essential toxic Cr(VI) valence state, are detrimental to
element for all vertebrates. In humans, it plays a health as it may be involved in the pathogenesis

of some diseases such as lung and gastrointestinal

- ' cancer [2,3].
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patients who cannot receive normal alimentation
due to various pathologies and is, therefore, an
important therapeutic requirement in many clin-
ical situations [4,5]. Infusion solutions and solu-
tions for PN have been identified as chromium
sources [6,7]. However, the quantitative require-
ments or the toxicity of trace elements in parent-
eral solutions are difficult to assess. The
importance of trace elements in the nutritional
management of patients receiving total parenteral
nutrition (TPN) is now widely recognised [4-7].
Long-term TPN patients can inadvertently receive
significant amounts of chromium present as con-
taminant in TPN. Many of the solutions for
parenteral nutritional support could have a chro-
mium content which exceeds, in part considerably,
the suggested threshold concentration of 5 pg 1!
[6,7].

In the past years, several methods have been
developed for the determination of low concentra-
tions of chromium, among them, neutron activa-
tion analysis (NAA) [8], inductively coupled
plasma mass spectrometry (ICP-MS) [6,9], induc-
tively coupled plasma optical emission spectro-
metry [10] (ICP-OES), electrothermal atomisation
atomic absorption spectrometry (ETAAS) [11],
and flame atomic absorption spectrometry
(FAAS) [12-15]. The NAA method is time-con-
suming, and routine analysis of numerous samples
is laborious. This method also requires sophisti-
cated instrumentation that may be not available in
most analytical laboratories. Within the last dec-
ade, ICP-MS has proved ideally suited as an
alternative approach for the determination of
chromium in various matrices, however, the cost
of instrumentation may be prohibitive to many
laboratories.

Although FAAS or ETAAS are the most
commonly used techniques in the determination
of Cr traces, the low level of Cr concentration in
parenteral solutions is not compatible with the
detection limit of FAAS. In order to achieve
accurate, reliable and sensitive results, preconcen-
trations and separations are needed when the
concentrations of analyte elements in the sample
are too low to be determined directly by FAAS.
On the other hand, FAAS is widely applied
in routine laboratories due to its lower cost

and greater
ETAAS.
Various preconcentration techniques [8,16—18]
for the determination of Cr have been proposed,
including chelation and extraction, precipitation,
coprecipitation, and ion-exchange resins. How-
ever, many of these methodologies are performed
in batch, thus requiring great sample volumes in
order to reach low detection limits. Besides, these
systems pose higher contamination risks. When
preconcentration techniques are applied in batch
mode, the time of analysis is increased, thus
turning these procedures unpractical for applica-
tion in routine analysis. This situation has been
significantly improved utilising flow injection (FI)
associated with FAAS [19], such that general
drawbacks of batch preconcentration procedures
have been largely eliminated, and currently the
preconcentrations can be achieved almost as
efficiently as by simple FAAS determination. In
order to be used as packing in preconcentration
columns for FI [19], materials have to meet several
requirements. Among these, they must have the
appropriate kinetic and mechanical conditions so
that they can easily retain and elute the analyte
and they must allow the performing several reten-
tion and elution runs without exhaustion of
column material. XAD resins meet many of these
requirements [20] and they have been used as
supports for immobilisation of chelating
agents and metal complexes [21]. 4-(2-Thiazoly-
lazo)-resorcinol (TAR) forms stable complexes
with numerous metal ions [16,22], and it is,
therefore, a suitable reagent for chromium
preconcentration on a XAD resin [16].

simplicity as compared with

Table 1
FAAS instrumental parameters employed to chromium deter-
mination

Flame type Air—-C,H,
Burner height 13 mm
Wavelength 357.9 nm

Slit width 0.5 nm
Lamp current 10 mA
Measurement mode Height

Air flow rate 8.0 1 min—!
Acetylene flow rate 2.8 1 min !
Sample introduction flow rate 3.0 ml min !
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In the present work, a method for preconcen-
tration and determination of chromium in par-
enteral solutions using a microcolumn filled with a
macroporous resin Amberlite XAD-16 is pro-
posed. Chromium was retained under the form
of Cr-TAR complex. The determination was
performed using FAAS associated with a FI
methodology.

2. Experimental
2.1. Reagents

The Amberlite XAD-16 resin (Rohm & Haas,
Philadelphia, PA, USA) was used. Particle size was
between 20—50 mesh with a surface area of 825 m?
g~ !. Before use, the surface of the resin was
activated by immersion in a solution of methanol
and 4 mol 17! HCI (1+1). Subsequently, metal
impurities were removed by further washing with 2
mol 1~ HCI solution.

A solution of TAR (Merck, Darmstadt, Ger-
many) 10 ™% mol 1~ was prepared by dissolution
in ethanol. Lower concentrations were prepared
by serial dilution with ethanol.

A stock standard solution of 1000 mg 17!
Cr(III) was prepared from 7.6960 g chromium
nitrate (Cr(NO3)3-9H,0) (Merck) dissolved in
ultrapure water and diluted to 1000 ml with a
final HNO; concentration of 0.05 mol 1 ~!. Work-
ing solutions were prepared by dilution of stock
solution.

A buffer solution was prepared by diluting a 2.0
mol 17! acetic acid solution adjusted to pH 5.0
with sodium hydroxide.

Ultrapure water (18 MQ cm ') was obtained
from a EASYpure RF (Barnstedt, lowa, USA).

All the reagents were of analytical-reagent grade
and the presence of chromium was not detected in
the working range.

2.2. Apparatus

The measurements were performed with a
Shimadzu Model AA-6800 atomic absorption
spectrometer (Tokyo, Japan) equipped with a
chromium hollow-cathode lamp. The FAAS in-

FAAS

Fig. 1. Schematic diagram of the instrumental setup. S, sample;
B, buffer diluted; E, eluent; W, waste; P; and P,, peristaltic
pump; M, microcolumn; Vi, two way valve; V,, load-injection
valve ((a) Load position; (b) Injection position).

strumental and operating conditions that provided
the best sensitivity and no differences between the
Cr(IIT) and Cr(VI) signal are listed in Table 1. The
flow injection system used is shown in Fig. 1. A
Minipuls 3 peristaltic pump (Gilson, Villiers Le-
Bell, France) was used. The sample injection was
achieved using a Rheodyne (Cotati, CA, USA)
Model 50, four way rotary valve. A microbore
glass column (50 mm length; 3 mm internal
diameter) fitted with porous 25 pum glass frits
was used as the resin holder. Tygon type pump
tubes (Ismatec, Cole-Parmer Instrument Com-
pany, Niles, IL, USA) were employed to propel
the sample, reagent and eluent.

2.3. Synthesis of the Cr—TAR complex

Previous to the preconcentration and determi-
nation of chromium, a procedure was developed in
order to reach the formation of the Cr—TAR
complex. 1.0 ml of 1072 mol 1-! TAR solution
and 2.0 ml of acetic/acetate buffer solution were
added to a precipitation vessel containing 50 ml of
sample solution. The mixture was placed in a
water bath at a temperature of 90 °C for 60 min.
Finally, it was allowed to cool to room tempera-
ture (25 °C).
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2.4. Study of the retention of the Cr—TAR complex
on the resin

In order to optimise the retention of the metal
complex on the column, the following variables
were assessed: pH, TAR concentration, and load-
ing flow-rate.

Solutions were prepared with a known amount
of chromium and 100-fold excess in moles of TAR
to form the metal complex, and pH was varied by
adding diluted HCI or NaOH solutions so that 50
ml of each solution were obtained at the corre-
sponding pH and containing 50 pg 1= of chro-
mium. Each of the solutions was loaded on the
XAD-16 resin and subsequently the retained metal
complex was eluted with 10 ml of ethanol in a 10
ml volumetric flask.

The optimum concentration of TAR was deter-
mined by the same procedure, working at pH 5.0.

Assessment of retention with respect to the
loading flow rate of the solutions was performed
at flow rates between 2 and 15 ml min ~".

The concentration of chromium was determined
by FAAS. Recovery was calculated against the
theoretical concentration.

2.5. Preconcentration procedure and determination

Before loading, the column was conditioned for
preconcentration at the correct pH with buffer
diluted (1:10) solution, valve V; in position B (Fig.
1). The complex was then loaded on the XAD-16
resin at a flow rate of 10 ml min ', with valve V,
in position S and valve V, in load position (a)
After the loading time, the sample still present in
the lines and the column was removed by further
washing with buffer diluted solution, with valve V,
again in position B. Finally, valve V, was switched
to the injection position (b) and the retained metal
complex was eluted in countercurrent (i.e. reversal
of the flow direction through the column during
elution with respect to sample loading) with
ethanol at a flow rate of 3.0 ml min ', directly
into the nebulizer and subsequently the flame.
Since the metal complex Cr—TAR is not totally
retained on the resin (ca. 80%), the standard
solution must be also passed through the micro-

column. The operating conditions were established
and the determination was carried out.

3. Results and discussion

3.1. Optimisation of the retention variables

The retention conditions of the metal complex
were optimised and the chromium signal was
monitored by measuring it with FAAS while
changing the pH of the solution that passes
through the sorption micro-column. Fig. 2 shows
the responses at different pH values of the solu-
tion. The optimal pH values were in the 4.5-5.6
range, which was to be expected, since better
complexing occurs within this range. Considering
these results, the selected pH was 5.0. It must be
noted that no differences were found between the
behaviour of Cr(IIl) and Cr(VI) in any of the steps
included in the here proposed methodology (com-
plexing, micro-column retention, elution and de-
termination). The proposed method was
separately applied to the determination of Cr(III)
and Cr(VI) in synthetic samples at levels of 50 pg
17!, obtaining 80% recovery for both oxidation
states. Therefore, the present methodology ap-
pears suitable for the determination of total
chromium.

100 [
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Fig. 2. Dependence of retention of Cr—-TAR complex on pH of
loading solutions. Preconcentration of 50 ml of Cr-TAR
complex. Cr concentration was 50 pg 1~ '; ethanol concentra-
tion 2% (v/v); TAR concentration was 2.0 x 10 ~* mol 17",
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In the present work, a bead size of resin of 20—
50 mesh was considered adequate for the precon-
centration procedure in the micro-column. Smaller
resin particles could have improved retention
capacity, but they would have increased back-
pressure of the micro column, making it necessary
to reduce the flow rate, with the subsequent
increase in preconcentration time. Choice of the
Amberlite XAD-16 resin was motivated by the fact
that it is highly stable in both acidic and basic
solution and exhibits an adequate surface area.
This allows the use of the micro-column for an
indefinite number of samples without degradation
of performance. The dimensions of the micro-
column used here were optimised in previous
works [23,24].

It is well known that complex retention on XAD
resins is modified by the concentration of organic
solvents [20]. Furthermore, the formation of metal
complexes with TAR is also affected by the
solvent. Higher retention was observed for lower
ethanol percentages. The value selected was 2%,
since it was the lowest value compatible with the
complex stability.

As regards the variation of preconcentration
with TAR concentration, the signal remained
constant between 10~ % mol 17! and at least 5 x
1073 mol 1!, Chromium did not react with the
complexing reagent at room temperature; how-
ever, the complex was formed on heating the
reactants to 85-95 °C. A heating time of at least
60 min allowed for a constant recovery value.

The flow rate sample through the micro-column
is a very important parameter, since this is one of
the steps that controls the time of analysis. It could
be verified that with flow rates up to 10 ml min ',
there is no effect on analyte recovery, which in
optimum conditions is approximately 80%. As
shown in Fig. 3, at higher flow rates the retention
of the Cr—-TAR complex decreases.

3.2. Optimisation of the elution conditions

In order to elute Cr—-TAR complex adsorbed on
the resin, ethanol in countercurrent (i.e. reversal of
sample loading flow direction) was used as eluent.
Countercurrent elution substantially improves the
elution profiles as compared with unidirectional
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Fig. 3. Dependence of recovery of metal complex on sample
flow rate. Preconcentration of 50 ml of Cr—TAR complex at pH
5.0. Cr concentration was 50 pg 1~'; TAR concentration was
2.0x 10 *mol 17,

flow. Chromium was completely eluted from the
resin with 1.0 ml of ethanol. The use of ethanol as
eluent and carrier solution had the advantage of
increasing the sensitivity value for chromium
determination by five times with respect to the
aqueous medium. The effect of the eluent flow rate
was studied, obtaining the best response at 3.0 ml
min~'. A typical elution profile for Cr obtained
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Fig. 4. Peak profiles obtained by preconcentration of 50 ml of
Cr-TAR complex using the system depicted in Fig. 1. Loaded
flow rate was 10 ml min~'; the elution flow rate was 3.0 ml
min~!; TAR concentration was 2.0 x 10~% mol 1=, The Cr
concentration in the standards solutions were: (A) 0.5 ug 171
B)1.0pug1 5 (C)2.5pg1 Y and (D) 5.0 pg 171
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with the preconcentration system is shown in Fig.
4.

3.3. Interferences

The effects of representative potential interfer-
ing species (at the concentration levels at which
they may occur in the sample studied) were tested.
Cul*, Zn2*, Pb>+, Cd>*, N2+, Co®*, Mn™,
and Fe’ * could be tolerated up to at least 2500 pg
1-!. Commonly encountered matrix components
such as alkali and alkaline earth elements generally
do not form stable complexes and are not retained
on the resin. On the other hand, anions such as
CO3~, F~, SO;~, CI7, PO; ", malonate, and
ascorbate could be tolerated up to at least 500 000
pg 171

The recoveries were not influenced by these ions
because they are not complexed with TAR reagent
at the working pH value of 5.0. Thus, they are not
retained on the resin prior to the elution of the
retained Cr and can be easily washed out through
the Amberlite XAD-16 resin allowing for highly
selective determination of Cr in the presence of
other ions. The value of the reagent blank signal
was not modified by the presence of the potentially
interfering ions assayed.

3.4. Performance of the preconcentration system

The overall time required for preconcentration
of 50 ml of sample (5.0 min, at flow rate of 10 ml
min ~ '), washing (0.2 min), elution (0.4 min, at
flow rate of 3.0 ml min ') and conditioning (0.2
min) was about 5.8 min; hence, throughput was
approximately 10 samples h .

A total enhancement factor of 250 was obtained
with respect to the chromium determination in
aqueous medium by FAAS (50 for preconcentra-
tion system and five due to the use of ethanol as
solvent).

3.5. Method validation

In order to demonstrate the validity of this
method, 500 ml of parenteral solution were
collected and divided into ten portions of 50 ml
each. The proposed method was applied to six

portions and the average quantity of chromium
obtained was taken as a base value. Then,
increasing quantities of chromium were added to
the other aliquots of sample and chromium was
determined by the same method. As shown in
Table 2, the recovery values are in the 95-100%
range.

Additionally, the proposed method was vali-
dated by comparison with the ETAAS technique
(Table 3). The results were compared with the z-
test and no significant differences at the 95%
confidence level were observed [25,20]

3.6. Determination of chromium in parenteral
solutions

The reproducibility of the preconcentration
method was evaluated by passing 50 ml of
standard solution of chromium (5 pg 1~ ') through
the micro-column and repeating this procedure ten
times (Table 4). The relative standard deviation
(RSD) was 2.9%, calculated from the peak heights
obtained. The calibration graph using the precon-
centration system for chromium was linear with a
correlation coefficient of 0.9997 at levels close to
the detection limits up to at least 100 pg 1~ . The
detection limit (DL) was calculated as the amount
of chromium required to yield a net peak that was
equal to three times the standard deviation of the
background signal (3¢). The value of DL obtained
for the preconcentration of 50 ml of aqueous
solutions of Cr was 20 ng 1~ !. Better DLs are to
be expected with larger samples, but this would
increase the time of analysis. Finally, the results of
the method applied to chromium determination in
parenteral solutions samples are shown in Table 3.

The concentrations were in the range 0.54-1.23
pg 17! of chromium. The results obtained are in
good agreement with those of Pluhator—Murton et
al. [6]. The maximum concentration of chromium
reported in parenteral solutions by these authors is

5pugl L
4. Conclusions

The work described in this paper has shown that
adequate sensitivity and accuracy can be attained
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Table 2

Recovery study

Aliquots  Base value (pg 17 1) Quantity of Cr added (ug 171 Quantity of Cr found (pg 17 1) Recovery (%)*
1 - 0.00 0.65+0.09 -

2 0.65 2.00 2.63 97.7

3 0.65 6.00 6.65 100.0

4 0.65 10.00 10.64 99.2

S 0.65 20.00 20.65 100.0

% 100 x [(found-base)/added].

Table 3
Concentrations of chromium in parenteral solutions samples
(95% confidence interval; n = 6)

Sample Cr concentration (ug 17 ")
ETAAS Proposed method
1? 1.26+0.09 1.23+0.10
2° 0.9240.10 0.9140.09
3¢ 0.64+0.08 0.65+0.09
44 0.89+0.09 0.90+0.10
5¢ 0.5240.08 0.5440.10

% Ringer physiological solution.

® NaCl physiological solution.

¢ Isotonic dextrose 5% physiological solution.
9 Dextrose 10% physiological solution.

¢ Sterile distilled water.

Table 4
Analytical performance of the FI preconcentration system

Linear range of response 0-100 pg 17!

Calibration equation Absorbance = 0.0013+0.136*C
Correlation coefficient (r)  0.9997

RSD* 2.9% (n=10)

Limit of detection (30) 20 ng 17!

2 Relative standard deviation (5 pg 17" Cr).

using an on-line preconcentration system with a
FI-FAAS method. The coupling of an on-line
preconcentration system with FI-FAAS increases
the speed of the preconcentration and analysis
process, and reduces sample consumption and
contamination risks. The manifold presented pro-
vided a recovery of 80% of the Cr—TAR complex
from the micro-column. The proposed system of
preconcentration associated with FAAS allowed
for chromium determination in parenteral solu-

tions samples at concentrations as low as pg 17 .
The determination procedure shows good repro-
ducibility and accuracy.
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