JOURNAL OF
CHROMATOGRAPHY A

ELSEVIER Journal of Chromatography A, 683 (1994) 253-260

Interfacing ion chromatography with inductively coupled
plasma atomic emission spectrometry for the determination of
chromium(I1I) and chromium(VI)

J. Prokisch*, B. Kovacs, Z. Gyo6ri, J. Loch
Debrecen Agricultural University, Boszorményi ut 138, P.O. Box 36, H-4032 Debrecen, Hungary

Abstract

Cr(1II) and Cr(VI) can be separated and detected by ion chromatography (IC) with inductively coupled plasma
atomic emission spectrometry (ICP-AES). This combined method gives reliable, reproducible results rather
quickly. A measurement requires 3 min and a 50-ul sample. ICP-AES was used as an element-selective detection
method for IC. Two IC techniques were compared for separation. In the first case the eluent was 7.5 mM
potassium hydrogenphthalate and in the second case eluent changing was used. The first eluent was water; the
second was 1 M HNO,. The IC column was a Polispher AN anion exchanger. The Cr(VI) (CrO%™, Cr,027) is
retained in the column while the Cr(IIl) passes through without any retention. The main advantages of ICP
detection are: the first (eluent) peak —which contains the Cr(IlI)— can be evaluated and the element selectivity
and sensitivity provides reliable results. These methods were used for measuring the water-soluble Cr(III) and
Cr(VI) contents of contaminated soils. The detection limits of Cr(III) and Cr(VI) are 0.25 and 0.27 ug/g,

respectively.

1. Introduction

The concentration measurement of any ionic
form can be particularly important in environ-
mental samples when one ionic form (oxidation
state) of the examined element is much more
poisonous than the other(s). This is true in the
case of chromium too.

Hexavalent chromium (CrO?”, Cr,077) is
very toxic and carcinogenic [1]; however, inor-
ganic chromium(III) is essential for mammals
[2]. Only atomic absorption or plasma atomic
emission techniques provide information on the
total amount of chromium in a test solution. This
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is the reason several approaches have been tried
for the chromium speciation.

By means of industrial contamination through
fertilization and the application of sewage sludge
to arable land, a considerable quantity of
chromium can get into soil and from here into
surface water. In existing studies, the total
amount of chromium in water, soil and plant
samples was often measured with either atomic
absorption spectrophotometry (AAS) or induc-
tively coupled plasma atomic emission spec-
trometry (ICP-AES) in the older studies. The
degree of real danger could not be determined
from the data obtained with the above methods.

The oxidation states' of chromium were mea-
sured separately by using one of the following
approaches: (i) after organic extraction sepa-
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ration of the two oxidation forms with AAS [3],
(ii) with a photometer, using 1,5-diphenylcar-
bazide [4], (iii)) by selectively volatilizing
chromium species in a graphite furnace [5], (iv)
by flow injection with UV detection [6], (V) by
flow injection-AAS [7-9], (vi) by flow injec-
tion ICP-AES [10], (vii) by high-performance
liquid chromatography (HPLC) and UV detec-
tion [11-14], (viii) by HPLC with electrochemi-
cal detection [15], (ix) by HPLC-AAS [16], (x)
by HPLC-direct current plasma (DCP) [17,18],
(xi) by HPLC-ICP-AES [19].

The extraction procedures are difficult. In
photometric measurements there are some prob-
lems because of the effect of interfering elements
(e.g. Fe(III) [20]) in the solution. The greatest
sensitivity, precision, rapidity and reproducibility
can be expected with the application of either
flow injection (FIA) or HPLC linked to either
AAS or ICP-AES instruments.

Either an acidic or a basic activated aluminium
oxide, a reversed-phase C,; column or an ion-
exchange column is used for the separation of
chromium(IIl) and chromium(VI) in the FIA
and HPLC analyses. Either AAS or ICP-AES
instruments are used as an element-selective
detection method. With the above-mentioned
combined methods the analyses of Cr(IIlI) and
Cr(VI) can be of appropriate sensitivity.

2. Experimental
2.1. ICP-AES

A Labtam 8440M ICP-AES system with a
mono- and polychromator (Labtam, Melbourne,
Australia) was used. The polychromator of the
ICP-AES system is a vertically mounted Pas-
chen—Runge design with a 1-m focal length, 60
channel places and vacuum operation. The radio
frequency generator is crystal controlled, operat-
ing at 27.12 MHz. A stop-flow GMK nebulizer
(Labtam) is used. The following conditions were
used: sample gas pressure 280 kPa; sample gas
flow-rate 4.1 1/min; coolant gas pressure 140
kPa; coolant gas flow-rate 4 1/min; auxiliary gas
pressure 100 kPa; auxiliary gas flow-rate 2.5

1/min; flushing gas flow-rate 1 1/min; forward
power 1400 W; reflected power 5 W; ICP-AES
wavelength 267.716 nm. BDH (Poole, UK)
standards (CrCl, 1 mg/ml) and Reanal (Buda-
pest, Hungary) analytical-reagent grade solid
chemicals (K,CrO,, K,Cr,0,) were used to
prepare the calibration solutions. The IC-ICP-
AES calibration curves were adjusted by
measuring a high and a low standard every day.

2.2. IC

A Merck-Hitachi (E. Merck, Darmstadt, Ger-
many) L-6200A HPLC pump with a Polyspher
IC AN anion-exchange column (pre-packed col-
umn RT 100-3,2 Cat. 19815) was used in the
experiments described. Two sets of conditions
were applied: Method I: mobile phase 7.5 mM
potassium hydrogenphthalate with 5 g/1 ethylene
glycol and 40 g/l 2-propanol added; flow-rate 4
ml/min; pressure 40 bar; injection volume 50 ul;
measurement time 4-5 min. Retention times
were 0.5 min (28 s) for Cr(IIT) and 2 min (119 s)
for Cr(VI). Method II. mobile phase A, water;
mobile phase B, 1 M HNO,; gradient: A from 0
to 36 s, B from 36 to 120 s, followed by an
abrupt change to A after 120 s; flow-rate 4
ml/min; pressure 67 bar; injected volume 50 ul;
measurement time 3 min. Retention times were
0.5 min (28 s) for Cr(III) and 2 min (133 s) for
Cr(VI).

All chemicals used were purchased from
Reanal and were of the highest purity available.
Double-distilled water was used in preparing the
mobile phases.

3. Results and discussion
3.1. Optimizing of IC and ICP-AES parameters

First the IC flow-rate was optimized. Our stop-
flow GMK nebulizer, a V-grove, modified Bab-
ington nebulizer, requires a relatively high flow-
rate. The flow-rate—signal intensity function is a
saturation curve (Fig. 1). Our aim was to reach
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Fig. 1. Optimizing the IC flow-rate. The introduced solution was potassium hydrogenphthalate. The HPLC pump was linked to
the ICP-AES system trought the stop-flow GMK nebulizer. The intensity of the ICP-AES signal was measured at 766.490 nm, on

the line of potassium.

the highest intensity at the lowest flow-rate.
Therefore the optimum value is 4 ml/min.

There is another way to increase the signal
intensity: increasing the pressure of the sample
gas. On the other hand, increasing the flow-rate
of the sample gas increases the background
intensity as well. The optimal pressure value is at
the highest signal/background ratio, because the
background equivalent concentration (BEC) is
the lowest here. The pressure optimum is 280
kPa (Fig. 2).

Two separation methods were compared. The
column was a Polispher AN anion-exchange
column in both cases. In the first separation
method the mobile phase was 7.5 mM potassium
hydrogenphthalate. In this case the chromium(III)

is in the solution peak, because it is a cation. The
second peak on the chromium line is
chromium(VI) (Fig. 3.) because it behaved as
CrO?™ anion. There is no difference between the
retention time of CrO>~ and the Cr,O2~ anions.
The starting point for eluent development was
the suggested eluent composition for the anion
(C17, NO;, SO}, etc.) separation. This eluent
contains 0.75 mM potassium hydrogenphthalate,
5 g/l ethylene glycol and 40 g/l 2-propanol.
Using this eluent, the retention time for
chromium(VI) was more than 50 min. Increasing
the concentration of potassium hydrogenphtha-
late decreased the retention time. Our aim was
to obtain a short separation time (3-5 min). The
selected eluent (7.5 mM potassium hydro-
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Fig. 2. Optimizing of the ICP-AES sample gas pressure. The test solution was 100 mg/kg Cr(III) solution. The optimal pressure

is at the highest signal/bakground ratio.

genphthalate with 5 g/l ethylene glycol and 40
g/1 2-propanol) yielded a satisfactory result.

A second separation method was also studied.
Two eluents and a stepped gradient were ap-
plied. The eluent changing was controlled with a
gradient HPLC pump. Eluent A was distilled
water. In the first step the chromium(III) went
through the anion-exchange column without any
adsorption and all chromium(VI) anions were
retained in the column. After 36 s the pump
changed eluent. Eluent B, 1 M HNO; removed
all absorbed anions from the column (Fig. 4.).
We obtained a peak only at 2 min because of the
volume between the pump and the loop. After 2
min the pump changed back to eluent A. The
detection limits (at 3¢) for chromium(III) are
the same for the first and second methods, 0.25

wng/ml. However, there is a difference between
the detection limits of chromium(VI) using
methods I (1.0) and II (0.27 pg/ml). The
reproducibilities of both methods were less than
2% R.S.D.

These methods are suitable for measuring the
water-soluble chromium(III) and chromium(VI)
content of contaminated soils, waste waters and
sewage sludge.

The total amount of chromium (measured by
ICP-AES) and the sum of the Cr(IIl) and
Cr(VI) contents were compared as well. The
differences were less than 3%.

The calibration curves were determined with
BDH and Reanal standard solutions. For each
separation method the calibration chromato-
grams are shown in Figs. 5-8. The calibration
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Fig. 3. Chromatogram of 10 ug/g chromium(III) and 10 pg/g chromium(VI) standard solution with method I. Eluent: 7.5 mM
potassium hydrogenphthalate, flow-rate 4 ml/min, ICP-AES detection at 267.716 nm.

signal - background intensity

Cr(lIN)

3 8
Alllllj;lll

o

T T T T T i T T T T T T T T T T T T T T T T 7 T T T T
0 28 56 84 112 140 168 196 224 252 280
time (s ]

Fig. 4. Chromatogram of 10 pg/g chromium(III) and 10 ug/g chromium(VI) standard solution with method II. Gradient elution
was applied. Eluent program 0-36 s water, 36-120 s 1 M HNO, followed by abrupt change to water after 120 s. Flow-rate 4
ml/min, ICP-AES detection at 267.716 nm.
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Fig. 5. Chromatograms of chromium(III) standard solutions for the calibration with method I (ppm = mg/kg). Conditions as in
Fig. 3.
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Fig. 6. 'Chromatograms of chromium(VI) standard solutions for the calibration with method I. Conditions as in Fig. 3.
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Fig. 7. Chromatograms of chromium(III) standard solutions with method II. Conditions as in Fig. 4.

equations are in Table 1 (based on the peak 3.2. Long-term stability of the column

height). The calibration curves are linear in the

0-40 pg/ml concentration range for both The Polispher IC AN column was used for a
chromium(II) and chromium(VI). year only for the speciation of chromium with
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Fig. 8. Chromatograms of chromium(VI) standard solutions with method II. Conditions as in Fig. 4.
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Table 1

Comparing the data of calibration curves y =a + bx

Ion Method a b r
Cr(I1I) | 7.43 20.52 0.9992
Cr(III) II 5.84 17.28 0.9990
Cr(VI) I 0.00 4.36 0.9994
Cr(VI) 11 - 4.65 11.07 0.9984

these two methods. We did not find any changes
in the measurements of either chromium form.
Changes in the theoretical plate number of the
column were also estimated for the nitrate ion
(with conductivity detection). It decreased to
70% of the original value by the end of the year.
From this time onward the column was used only
for chromium separation with method II,
because decreases of the theoretical plate num-
ber have no effect on the efficiency of this
method.

3.3. Data acquisition

The original ICP-AES software was used for
data collection. The integration time was 35 s,
with sufficiently low background noise (o =1.12)

3.4. Recovery from soil samples

Recovery of the entire amount of added
chromium(VI) and chromium(III) from the soil
samples is very difficult, because Cr(VI) oxidizes
the organic matter in the soil and Cr(III) adsorbs
at the surface of soil. The rate of oxidation
depends on the pH and humus content. In the
first few minutes the Cr(VI) content starts to
decrease. The rate of this reaction varies for
different soils. In our experiments 20 ml of a 100
pg/ml Cr(VI) solution was added to 20 g air
dried soil samples. After 30 min shaking the
samples were filtered and the Cr(VI) concen-
tration was measured. Studying two soil types for
30 min after the chromium addition, the re-
coveries from neutral chernozem and sandy soil
were 96.7 and 98.6%, respectively. When we
added acidic (pH 3) Cr(VI) solution to these

soils the recoveries from the chernozem and
sandy soil were 42.9 and 77.0%, respectively.
After 24 h shaking in the case of neutral Cr(VI)
the concentrations of Cr(VI) in the filtered
solution decreased to 70.9 and 88.5% for the
chernozem and sandy soil respectively. When we
used acidic Cr(VI) solution and it was shaken for
24 h, 9.74 and 32.8% recovery rates were ob-
tained for the chernozem and sandy soil, respec-
tively. This result shows that Cr(VI) can be
measured exactly only in near-neutral soils by
using a short shaking time.
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