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CHROMIUM SPECIATION USING ION CHROMATOGRAPHY-ATOMIC ABSORPTION
SYSTEM WITH ON-LINE PRECONCENTRATIONM

L ]
W. L. Fong,and J. €. GASTON WU
Department of Chemistry, National Taiwan Normal University,
Taipei, Taiwan 11718, R. 0. C.

ABSTRACT

A method using lon chromatography-atomic absorption system (IC-AAR)
with on-line preconcentration unit |ls developed for the speciation of
chromium in aqueoux samples. Both Cr(I1l) and Cr(U]l) zpecies are pre-
treated with sodium salt of ethylenediaminstetraacetic acid (EDTA) in
consecutive steps. The tresatsd samples can then be injected into an
on-line preconcentration unit followsd by lon chromatographic separa-
tion with UU or selective flame AA detectien. Both chromium specles
can be separated within 18 minutes, and the method is applicable for
aquaous samples with ppm levels of chromium.

INTRODUCTION

Chromium compounds are widely used in differsnt types of Industry,
such as wood preserving, leather tanning, alloy production, pigment
manufacturing and electroplating processes ‘!’. In nature, chromium
exists mostly in two different oxidation states, Cr(III) and Cr(UI).
The oxidation state iz mainly detarmined by the acidity, redox potan-

tial and other coexisting spaclies in the environment 27137,

The toxicity of chromlium is well known to be depending on its oxi-
dation states. Cr(lll) is proved to be binlogically exzantjal and
related to human glucose tolerance factor ‘4’¢3’. No reports of oral
toxicity of Cr(lll) have ever besn reported. Howsver, dizzpolved Cr(U])}
gspeclies are corrosive and toxtc ‘¢’. The mechanism of toxicity of
Cr(Ul) is not yet well undarstoeod, but it seams to interfere with the
enzymatic sulphur uptake of the cell (?2¢(8><f> Afrborn particulates
containing Cr(UIl) can be carcinogenic, and it can affect thas lungs,
liver and kidney.

Four different methods were approved by US EPA for chromium deter-
minatlion: (a) total chromium measuremeant using atomic absorption
spectroscopy, (b) determination of Cr(Ul) using coprecipitation
followsd by subsequant AA determination, (c) photometric mesazuremant
of Cr(VUl) using 1,5-diphenylcarbazide (1,5-DPC) at 548 nm, (d) com-
rlexation of Cr(VUl) with ammonium pyrrolidine dithliocarbamate followed
by moluent extraction and AA determination ¢'€-14>. The speciation of
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Cr(III) and Cr(VUI) is normally daone by indirectly procadure. The quan-
tity of Cr(IIl) is differentiated by subtraction of Cr(Ul) from total
chromium determination.

In thiz study, both Cr(IIl) and Cr(VUIl) in aquaoux solutlon can be
speciated directly and determinated simultaneously with minimum sample
pretraatmant. The uze of atomic abrxorption as chromatographic detector
allows selective detection, and spectral interference from zamplas
matrices ix therefore minimized.

EXPERIMENTAL
I. REAGENTS

Reagant water ix obtained by purifying distilled water with
Milli-RO 6B water purification system and Milli-Q reagent water
systam. Both systems are products of Millipora.

Cr(111) and Cr(Vl) standard solutions are prepared daily by dilu-
tion of 1888 ppm stock sclutions which are prapared from analytical
grade potassium perchromate (K:Crz0>), and chromium nitrate (Cr(NO:):)
with over 99.5% purity. Both chemicals are purchased fraom Kanto, Japan
and Ferak, Germany, respactively.

The EDTA disodium =malt Is from E.Mearck, Germany with purity over
99, It is dissolved Into an aqueous solution which has a pH of 5.88.
The pH of thix B8.81 M EDTA sclution iz adjusted uzing an acetic acid/
sodium acetate buffer. Both chemicals for this buffer solution are E.
Merck products with nearly 1882 purity.

The eluent used for ion chromatographic system is B.3 M aqueous
sodium nitrate (NaNO») zplution prepared from E. Merck product with
purity better than 99.5x. All standards and samples injected onto lon
chromatograph ara subjected to membrans filtration. This iz completsd
by using 8.45 um HULP membrane from Millipore.

I1. EQUIPMENT

The chromatographic system contains a Kratos Spectroflow 488 solvent
delivery pump, Rheodyne 7125 and 7888 loops with volumes of 28 and 1888
ul respectively for Injection and preconcentration. Anion exchange
column, Ton-110 with length 25 cm, is purchaswd from Intsraction, Inc.
A separate 5 cm column with same packing material is used for precon-
centration purpose, which ix connscted with tha zeparation unit with
Rheodyns switching valves as shown in figure 1.

Detection of the chromium speciex iz accomplixhaed by using two
detectors, an ERC-7211 W detector from Japan and Perkin-Elmer 2288
atomic absorption spectromster with Dz background corrector. The inter-
face between the chromatographic system and the atomic absorption unit
is facilitated with & pleces of Tygon and a glass capillary tubing.

The schematic of this interface iz shown in figure 2.
A Hitachi U-2888 spsctrophotometer iz uzed to scan and szelact
monitoring wavelengthx for chromium species in NaNO2 wsluent.

111. PROCEDURE

The chromium specinx in agqueous samplez ars raesacted with 8. 81 M
EDPTA solution (pH 5) at 6B% C for one hour for the complexation of
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Fig. 1. Ton Chrosatography - A systew with on-line
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Fig. 2. Schematic illustration of the Tygon interface

between ion chromatograph and flame AA detector.
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Fig. 3. UV spectra for NaKGs eluent, Cr(111) and Cr(VI)

species after reaction with EDTA.

Cr(111), while tha Cr(UI) ramainz unchanged. The complexad Cr(111)
gives a color of purple. The reacted solution is Injected into the
chromatographic system with the on-line preconcentration unit, a=x
fllustrated in figure 1. A B.3 M NaNOs solution with flow rate of

8.75 ml/min iz applimd for separation. Chromium apecies are preconcen-
trated at a pre-column at a flow-rate of 1.8 ml/min using a separate
pump. The ERC UV detector is sat at wavelength 257.8 nm which is the
optimum for Cr(VI) species without i{nterferencsa from NaNO3 in the
mobile phass. Tha zeparated chromium speciez ars subsaquently monitorsd
by the atomic absorption spectrometer at 357.9 nm with air-acetylene
flame.
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Fig. 6. lon chrowatograms of B.58 ppw Cr(I11), Cr(VI) and the

wixture using AA detector. (a) Cr(II1): (b) Cr(III);
(c) the mixture.
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Table 1. Percent recovery of preconcentration

Concentration Concentration 7 Recovery
Injected Calculatedx
Ce(IT1Y  8.58 ppnm B.42 ' 8.82 ppn B4.8
Cr(Vl) B.58 ppm B.45 ! 8.86 ppu 98.8

* Calculated from five consecutive injections.

RESULTS AND DISCUSSION
1. CHROMATOGRAPHIC BEPARATION

The fon chromatography for anion saparation ix utilizad ax the
separation mode for both Cr(UI) and r(11]1), since Cr(VUI) exists
predominantly as anion in aqueoux solution3’, Cr(I111) iz complexad
with EDTA. Although carbonate and bicarbonate solutions are common
wluents for the separation of anions, pH of the mobile phaze is more
difficult to be controlled. A 8.3 M solution of NaMOz is found to be
pertinent to differentiate chromium species in thizs system.

I1. W SPECTRA AND DETECTION

The usse of W detactor for tha speciation of mstal compounds
suffers the lack of specificity and is hampered by interfersnces in
most casex. Howaver, {t can he uzad az a supplamental detection mode
before the metal-specific detector, such as AA, is used. This s
bansficial during tha stage of method development. Figurs 3 zhows the
W spoectra of solutions of MNaMO3z, Cr(Ill) and Cr(VI) after their
resactions with EDTA. Dus to tha strang absorption of NaNOs, ths wavs-
length 257.8 nm is selected for W detection.
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The polynomial is

£.333 Y= .235579 + 1.63268*X°1,

B.262

8.671

| 1 ! 1 ! I ! L L
B.256 B.844 1.437 2,831 2.625 3.219 3.B12 4.486 5.B6E

Fig. 7. Calibration lines for Cr(111) and Cr(VI) using the

ion chrowatography - AA systex with on-line precon-

centration.

The chromatograms for chromium species uzing W dstector iz shown
in figure 4. Part (a) in figure 4 is for 58.80 ppm Cr(III) and Cr(VID)
sach, after rewaction with EDTA, and part (b) iz obhtained with 1.88 ppm
Cr(II1) and Cr(Ul) after preconcentration 1.88 ml of sample. The poor
sensitivity for Cr(l111) is attributed to the UV wavelength sslection.

111. ATOMIC ABSORPTION DETECTION

Atomic absorption detection followed by chromatographic xeparation
of matal apscies snhances the monitoring specificity and facilitate
quantification‘!3’. The iInterface botween ion chromatograph and the
atomic abmorption unit ix achieved by a pimce of Tygon tubing with a
capillary side-arm to balance the high intake flow rats of AA nebulizer
with air, which iz also used ax oxidant in AA processex. Chromatograms
of chromium(I1l), chromium(Ul) and the mixture of both are shown in
in figure G.
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Table 2. Results for synthetic sample analyses

FONG AND WU

Cr(HIT)

Cr(VU1)

Concentration in

synthetic sample

2.80 ppm

2.88 ppn

Concentration *

deternined

1.62 1 8.83 ppnm

1.76 1 8.87 ppu

7 Recovery

88.8

» Results is based on seven consective analyses of the

prepared synthetic sample of river water.

Although the use of AA detection obviously lmproves the monitoring

specificity, senzitivity iz hampered by dilution effect from mobile
phase and air flow drawn from the interface. The on-line preconcentra-
tion unit is applied to overcome this effmct. Figure 6 illustrates
chromatograms of Cr(IIl), Cr(UI) and the mixture, B.S8 ppm each, with
AA detection after concentraing 1.88 ml of xtandard solutions. The pre-
concentration efficlency is affected by the intake flow rate of sample.
The optimum flow rate ix found to be arocund 1.88 ml/min. The preconcen-
tration recovery is shown in tabls 1. The recovery may be increased
with the uzse of a longer concentration column, but this sffect is not
investigated.

IV. SYNTHETIC SAMPLE ANALYSIS
To study the feasibility of this method, samples of river water

arms collscted from Hein Dan river, Talpei, and their total chromium
contents are determined with flame AA technique. Howevar, no chromium
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iz detected. Theraefore, synthetic mample iz preparsd using filtered
river water (pH 7.35). This sample contains 2.09 ppm of both Cr(I11Il)
and Cr(UIl), and is subjected for multiple analysex. The contants of
chromium are determined using working curve shown in figure 7.

A discrepancy of sanzitivity, in term of slope of calibration line, is
noticed betwesen Cr(IIl1) and Cr(VIl), indicating possible chemical inter-
ferance in flame AA datection process for Cr(Vl). howsver, thiz pheno-
menon is not further studied and shows not offect on quantification.
Results of determinationz are in table 2, with calculated recoveries.
The limits of detection are obtained from three times the standard
deviation of meven conzacutive injactionz of a synthatic sample with
B.58 ppm Cr(I]l]l) and Cr(V1), and they are detoermined to be 8.08 ppm
and 0.28 ppm rempectivaly.
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