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Abstract

A method was developed for the determination of chromium as the Crfacac) complex in urine using SFE and
chromatography. Quantitative extractions were achieved when the experiments were carried out under 3000 p.s.i. of pressure,
at a temperature of 12€, with 2.0 ml of methanol, 30 min of static extraction and 5 min of dynamic extraction. The
chromium was quantified by GC—FID detection. The calibration graph of Cr(acac) solutions was linear between 0.50 and
43.0ug mi~* of chromium (DL 0.18.g ml~*, R=0.9994). The same extracts were quantified by HPLC-340 nm detection.

The calibration curve of the Cr(acac) solutions was linear over a range of 0.013 tqugn@l* (DL 0.02 pg mi™*,
R=0.9999). This method was applied to urine samples from 60 diabetic patients and 21 healthy volunteers. Chromium
concentration ranges were 2.5-29.§ |~ for the diabetics and 5.9-12y8y |~* for the normal subjects.

0 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction it can give information with which to assess the
chromium nutritional status and recent uptake in
Chromium (CP* ) is an essential micronutrient for humans [5,6].
humans and it is involved in important biochemical Chromium levels reported in human urine vary
processes such as glucose tolerance metabolism and widely; published values range from 0.8% to 12
the action of insulin. Its main role is to form a ~1 [7]. This could be attributed to difficulties in
glucose tolerance factor (GTF), which acts as a sample treatment. In biological systems the pH is
cofactor of insulin in all insulin-dependent systems close to neutral, and under that condition Cr  forms
[1-4]. low solubility polymeric hydroxylated complexes
The human biological fluid with the highest Cr that are very difficult to breaktipon), hindering
concentration is urine, and there is increasing interest atomization. The samples should be analyzed as
in the determination of the Cr content in this fluid, as quickly as possible after collection [8].

The most widely used techniques for chromium
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686-4744. furnace atomic absorption spectrometry (GFAAS)
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(FAAS) [11,12], electron-capture detection gas chro-
matography (GC—ECD) [13,14], and X-ray fluores-
cence spectroscopy [15].

Supercritical fluid extraction (SFE) has gained

great acceptance as an alternative sample preparation

and concentration technique. It is a versatile tech-
nique for the extraction and separation of mainly
organic-type chemical mixtures. Direct extraction of
metal ions with supercritical CO is not possible
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for performing the quantitative extractiofi’of Cr  as
a complex. To that end, “in situ” formation of
Cr(acac) was carried out and the method for de-
termining this ion in urine from diabetic and normal
subjects was applied. GC—flame ionization detectior
and HPLC-UV detection were adequate to comple-
ment off-line SFE.

because they are insoluble in supercritical fluids. In 2. Experimental

the GC, HPLC and SFE techniques it is necessary to

convert the metal ions into neutral metal complexes, 2.1. Reagents

which have higher formation constants. On the other
hand, suitable polarity or solubility in supercritical
fluids and fast chelation kinetics are very important
for achieving in situ complexation. High volatility,
thermal stability and mainly adequate shielding of
the metal atom to avoid unwanted column interac-
tions are necessary in GC [16-21].

In this study, acetylacetone was used as chelating
agent for chromium. The acetylacetonates were the
first ligands studied in inorganic GC because of their
ease of formation, thermal stability, volatility and
solubility in many organic solvents. For the same
reasons these complexes are also particularly suitable
for HPLC separations. Metallic ions such as Al(lll)
and Cr(lll) form coordinatively saturated neutral
complexes which chromatograph well. Acetylaceto-
nates of metals such as Cu(ll) and Ni(ll), which are
not coordinatively saturated, however, tend to sol-
vate, polymerize or undergo undesirable adsorption
in column chromatography or in the GC system. The
major breakthrough that transformed metal chelate
GC so that it would give useful analytical results was

A standardCr  stock solution @il * was
prepared from CrCl (Merck, Darmstadt, Germany)
and quantified by atomic absorption; 2,4-pen-
tanedione (acetylacetone, acac) was obtained from
Aldrich (Milwaukee, WI, USA). The tris(pentane-
2,4-dionato)chromium(Ill) (Cr(gcac) ) complex was
prepared by mixing aqueous solutions of metal ion
and ligand in a stoichiometric M:L ratio of 1:4. The
solution was buffered at pH 4.5. The solid product
was filtered, washed with cold water and recrystal-
lized from ethanol. Purity was confirmed by com-
parison with the reported melting point. The com-
pound was stored in vacuum. HPLC-grade methanol
was purchased from Fisher Scientific (Pittsburgh,
PA, USA). Deionized water from a Millipore (Mil-
ford, MA, USA) Milli-Q system was used in the
preparation of the aqueous solutions. Cellulose filter
paper (Whatman 42, purchased from Merck) was
used for liquid samples. SFE-grade carbon dioxide
was obtained from Indura (Santiago, Chile).

the introduction of fluorinated beta-diketone ligands, 2.2. Apparatus

which form complexes of greater volatility and

thermal stability. However, GC and HPLC demand 2.2.1. Supercritical fluid extraction (SFE)

significant sample treatment and pre- or on-column
derivatization [22—-26].

The purpose of this work was to use the SFE to
avoid treatment of complex samples and to reduce or
eliminate the use of acids and organic solvents. It
minimizes waste disposal, flammability, and toxicity.
Also, SFE reduces the number of steps for analysis.
On the other hand, the complex is formed in situ in

All the experiments were performed in an SFE-

400 extractor (Supelco, Bellefonte, PA, USA). A

10-ml stainless steel vessel obtained from Supelco
was used as the extraction vessel. Fused-silica tubing
(12-1X56thpm 1.D.) was used as a restrictor.

The flow-rate of the extraction fluid ves ml

“hin  (as a liquid).

the extractor. The methanolic extract obtained is 2.2.2. Gas chromatography

injected into a chromatographic column.
The first step was to reach the optimum conditions

A Perkin-Elmer Model Autosystem 9000 (Nor-
walk, CO, USA) gas chromatograph equipped with a
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flame ionization detector (FID) was used in this methanol to homogenize. Measurements were made
study. A 0.5ul aliquot of extract was injected into a between 80 and 12,01000—-3500 p.s.i. of pressure
capillary column (Rtx-2330, 90% biscyanopropyl, and times between 10 and 60 min of static extraction
10% phenylcyanopropyl polysiloxane, 30X10.53 and 5 min of dynamic extraction. The restrictor was
mm 1.D. with a 0.2 um film thickness) (Restex, maintained at @ Under the best conditions of
Bellefonte, PA, USA). Gas flow was 5.0 ml mih pressure and temperature, extractions with different
passing it through a molecular-sieve trap and oxygen amounts of ligand (90—900 mg) and methanol (1.0—
trap, and purified nitrogen was used as carrier gas. 5.0 ml) were performed. The extracts were received
Data handling from the GC runs was performed on in empty 5.0-ml volumetric flasks. When methanol
an on-line PE Nelson processor. was completely exhausted from the extractor, it was
Conditions were as follows: injector and detector cooled t6d@5then 1-2-ml aliquots of methanol
temperature, 200 and 258G, respectively. The col- were added to the extraction vessel and this washing
umn oven temperature was set at 2G0increased to solvent was received in the same flask.

180°C at 3°C min ‘. Quantitative analyses were
carried out using calibration curves obtained with 2.3.2. Extraction of chromium from spiked urine

standard solutions of the Cr(acac) complex. samples
The method was validated using urine samples
2.2.3. High-performance liquid chromatography that contained chromium undetectable by our meth-
Liquid chromatography was carried out on a od. Five urine samples (5.0 ml) were contaminated

Merck-Hitachi ~ (Chiyoda-ku, = Tokyo, Japan) with Quy of chromium and then were spiked onto
chromatograph consisting of L-6000 and L-6250 filter paper and dried in an oven°@t gbe filter
pumps, a Rheodyne (Rohnert Park, CA, USA) 7125 paper was introduced into the extraction vessel.
injector fitted with a 20ul sample loop, and a Subsequently, 450 mg of ligand and 2.0 ml of
LaChrom (West Chester, PA, USA) model L-7420 methanol (optimum amounts determined with syn-

UV-Vis detector. Data handling from the HPLC runs thetic solutions) were added. The best parameters of
was performed on Star Chromatography Workstation extractions were applied. The extracts were collected
Software from Varian (Santa Clara, CA, USA). The in collection vials. After completion of extraction,

column used throughout this study was a Supelcosil the solvent was evaporated to dryness and 0.5 ml of

LC-18-DB (250<4.6 mm, 5um) from Supelco methanol was added to the dry sample.
(Bellefonte, PA, USA). The mobile phase was 70%
methanol in 0.0IM KH,PO,, adjusted to pH 7.3  2.3.3. Extraction of chromium from urine samples

with NaOH, at a flow-rate of 0.4 ml min- . The Urine samples from healthy subjects and diabetic
detector was fixed at 340 nm. Quantitative analysis patients were collected using 200-ml plastic con-
was carried out using calibration curves obtained tainers and stored18fC for several months
with Cr(acac) complex standard solutions. without treatment. Sample age did not have an effect
on the results. During that period some analyses
2.3. Extraction procedures were repeated, giving the same results. A 50.0-ml
sample was evaporated almost to dryness and
2.3.1. Extraction parameters with synthetic brought up to 5.0 ml with water. Of this sample,
solutions 1.0-5.0 ml were added to the filter paper and dried
In order to determine the optimum extraction in an oven at@ONext, the filter paper was placed
parameters, 0.50 ml of 84g ml™* solution of CF* in the extraction vessel, and 450 mg of acetylacetone
was spiked onto a filter paper disc and dried in an and 2.0 ml of methanol were added. Extractions were
oven at 60C. The filter paper containing the sample carried out at 3000 p.s.i. andC1afr a 30-min
was introduced in the extraction vessel, 90 mg of static and 5-min dynamic extraction. All the extracts
acetylacetone and 5.0 ml of methanol as modifier were collected in collection vials. After completion
were added. The system was closed. The,CO inlet of extraction, the solvent was evaporated to dryness

valve was opened, allowing the mixture of CO — and 0.1-0.5 ml of methanol was added to the dry
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sample. Evaporation was very slow to avoid loss of
solute.

2.3.4. Limit of detection

The limit of detection (DL) was calculated from
Yo =a+3s,,, andy,, =a+bx, wherea is the
intercepts,,, is the random error ix andy, andb is
the slope.

3. Results and discussion

3.1. Supercritical fluid extraction parameters

Fig. 1 shows the recovery of the Cr(acac) com-
plex at different pressures and 1W0 during 20 min
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Fig. 2. Percent recovery of Cr(acgc) at different temperatures
(80—140°C). Conditions: 42.g of chromium; 90 mg of acac; 5.0

of static extraction. These results were obtained mi of methanol; pressure, 3000 p.s.i.; 20 min in the static mode,

when 42p.g of chromium, 90 mg of ligand and 5.0
ml of methanol were added to the extraction vessel.

These values correspond to the average of three
measurements under the same conditions. The high-

est extraction efficiency was obtained at 3000 p.s.i.
Recovery of chromium, however, was only 49.2%.
By increasing the temperature from 100 to 120

recovery increased to 64.8% (Fig. 2). The effect of
the amount of methanol added to the extraction
vessel is shown in Fig. 3. It is seen that the optimum
volume of methanol for the extraction of Cr(acac) at
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Fig. 1. Percent recovery of Cr(acac) at different pressures (1000—
3500 p.s.i.). Conditions: 449 of chromium; 90 mg of acac; 5.0

ml of methanol (added to a 10-ml extraction vessel); oven
temperature, 108C; 20 min in the static mode, followed by 5 min

in the dynamic mode.

followed by 5 min in the dynamic mode.

3000 p.s.i. an@ 128 2.0 ml (10-ml extraction

vessel). With this volume the extraction efficiency
was 82.9%. The previous studies in terms of pressure
and temperature were carried out with 5.0 ml of

methanol because very bad recoveries were obtained

with,CO alone. On the other hand, due to the polar
character of the metallic complexes, it is believed
that quantitative results would be achievable with
higher percentages of modifier.

The success of the extraction also depends on the
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Fig. 3. Percent recovery of Cr(gcac) with different amounts of
methanol (1.0-5.0 ml). Conditiong:afZhromium; 90 mg of

acac; pressure, 3000 p.s.i.; oven temperatut€; 220min in

the static mode, followed by 5 min in the dynamic mode.
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concentration and solubility of the ligand.
Acetylacetone is an effective chelating agent for
chromium and it is a volatile compound that at high
temperature could enhance the contact area with the
metal ion. With the purpose of observing the effect
of all the extraction parameters (pressure, tempera-
ture, amount of modifier, etc.) on extraction ef-
ficiency, the amount of chromium added to the
extraction vessel was always high (48). Next, the
amount of acetylacetone added was 90, 270, 450,
630 and 900 mg obtaining 81.26, 98.14, 99.23, 99.07
and 99.38% of recovery, respectively.

Extractions at different static extraction times were
performed. For 10, 20, 30, 40 and 60 min of
extraction, recoveries of 81.23, 99.23, 100.08, 99.79
and 100.16% were obtained, respectively. The results
of this study showed that quantitative extraction was
obtained after 20—30 min. The dynamic extraction
had to be stopped when methanol was completely
exhausted 5 min).

From these results it can be concluded that the
best parameters for the extraction of chromium as
Cr(acac) were the following: pressure, 3000 p.s.i.;
temperature, 128C; methanol, 2.0 ml; ligand, 450
mg; 30 min of static extraction and 5 min of dynamic
extraction. Under these conditions up to 48 of
chromium were recovered.

In order to determine the efficiency of the ex-
traction of chromium in the real matrix, this ion was
added to urine samples containing chromium at the
low detection limit. The same process was repeated
five times using 0.1ug of chromium each time, and
recovery was 99.00.6%.

3.2. Quantitation by gas chromatography

The urine extracts were injected into the
chromatograph. The standard curve was drawn by
plotting the peak areas of the Cr(acac) complex
solutions. The calibration curve of the Cr(acac)
solutions was linear over a range of 0.50 to 43
ml~*. The equation of a typical calibration curve was
y= —14023.5+ 489173.3. The standard deviation
(S«y), the number of standard solutiondl)( the
standard error in the slopag) and in the intercept
(sy) were: 29,355.4, 10, 690.7, and 12,240.1, respec-
tively. The detection limit (DL) for Cr(lll) was 0.18
pg mi~*. The correlation coefficient obtained was
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R=0.9994, but in this study no internal standard was
used. If the chromium concentration is higher than
609 ml*, a slight absorption of this ion in the

column is observed. After each injection of complex,
ligand solution was injected to check the adsorption
and clean the stationary phase.
The solid Cr(agac) complex in the methanol
solution was not stable. The purple color of the
solution disappeared after 24 h and the peak area
decreased as a function of time. Free ligand was
added to these solutions, but it did not stabilize the
complex. Surprisingly, extracts obtained with super-
critical fluids by in situ complexation and further
dilutions were stable for several months. The con-
centration of chromium in some pure extracts was
determined by atomic absorption spectrophotometry.
These last solutions were used as standards.
Fig. 4 shows a chromatogram of the urine sample
extract of a diabetic person. If iron, aluminum,
copper, lead, zinc or cadmium were present in the
urine samples, the metal—acetylacetonate complexes
could be extracted and then injected in the chromato-
graph, but all of them had smaller retention times
than the chromium complex. These peaks overlap
with the high methanol and acetylacetone peaks.
However, if a solution in carbon disulfide is prepared
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Fig. 4. Chromatogram of urine sample extract of a diabetic
patient. Rtx-2330 column; nitrogen flow, 5.0 ml mih ; injector
and detector temperature, 200 and 260 respectively; oven
temperature, 100C increased to 18WC at 3°C min ‘. FID-
detection. The extraction conditions were: 450 mg of ligand, 2.0
ml of methanol, 3000 p.s.i. of pressure, T2Dof temperature, 30
min of static extraction and 5 min of dynamic extraction.
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containing the complexes in the presence of a slight

L
excess of ligand and the following temperature > N] el g
program is carried out as a function of timé; = g a8 2
35°C, T,=70°C and T,=220°C, t,=3 min; V,= 0.10- ¥ 5
3°C/min andV,=20°C/min, the separation of all of vl
o

them is achieved (CS=1.120; acae4.187;
Pb(acac)=5.830; Cu(acac)=6.234; Co(acagr
13.493; Fe(acag)15.173; Al(acac)=18.640 and 0.05-

Cr(acac)=21.973 min). \J

3.3. Quantitation by high-performance liquid o_oo-L./\J

chromatography

T 1 1
1.0 3.0 5.0 7.0 9.0
Because the aim of this work was to develop a Time (min)
rapid E:’md §en5|f£|ve method for the determination of Fig. 5. Chromatogram of urine sample extract from a diabetic
chromium in urine, HPLC was chosen to compare patient. Column G, ; mobile phase, methanol-water 70:30 (0.01
the results obtained by GC, in the hope of finding a M KH,PO,, pH 7.3); flow, 0.4 ml min* ; UV-detection, 340 nm.
more sensitive technique_ The mobile phase, flow- The extraction conditions were: 450 mg of ligand, 2.0 ml of
rate and wavelength detection were selected so as tomMethanol, 3000 p.s.i. of pressure, T2Dtemperature, 30 min of
ensure the highest possible Sensitivity and gOOd static extraction and 5 min of dynamic extraction.
resolution. The main problem was the chromato-

graphic separation of free ligand and complex. If the apolar one and is the last one to elute. If a solution
concentration of excess free ligand is high, the containing only the complexes in the absence of
chromatographic peak shows a “tailing effect” and excess acetylacetone is injected, the signals of the
the complex is overlapped. Using a 70:30 methanol— Pb(acac) , Cufacac) and Fe(acac) complexes are
water ratio and adjusting the pH to 7.3 a good detected at almost the same retention time (2.976,
separation was obtained. For a concentration of free 3.078 and 3.245 min, respectively), while Al(acac)
ligand of 9000ng ml™*, the retention timet{) was is not detected at 340 nm.

5.54 min, and 6.85 min for the complex (Fig. 5).

The Cr(acac) calibration curves were linear over
a range of 0.013 to 60.0g ml~* when using a UV 3.4. Application of the method
detector at 340 nm, as shown by &avalue of

0.9999. The equation of a typical calibration curve The method was applied to the second morning
wasy = 1067.4+ 659953.8. The standard deviation urine samples from 60 diabetic patients and 21
(S«y), the number of standard solutiondl)( the healthy volunteers. The plastic bottles with the
standard error in slopes{) and in intercept 4,), diabetic samples were labeled with the following
were 4552.8, 10, 76.2, and 1657.5, respectively. The data: date of birth, sex, pH, amount of protein and
detection limit (DL) was Cr(lll) 0.02ug ml™*. The amount of glucose. Healthy volunteers were young
response for a series of six injections of g ml™* 20- to 30-year-old chemistry students. The diabetic
Cr(acac) solution resulted in a relative standard patients were a heterogeneous group that included
deviation of 1.29% for peak area. 20- to 80-year-olds, of which 34 were older than 65
The Cr(acac) complex also absorbs at 556 nm, years and 13 were chromium non-detectable. Patients
but at this wavelength the sensitivity is not good with high glucose levels (1000 nig dl ) or patients
because its molar extinction coefficient is about 100 with high levels of total protein (500 Mg dl ) did
times lower than at 340 nm. When the interference of not show extreme values.
other metal ions was studied, it was found that the Our general results indicated that the chromium

chromium complex with acetylacetone is the most concentration range was 2.5+@9.5 (average
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