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Abstract

On-line preconcentration system for the selective, sensitive and simultaneous determination of chromium species was investigated. Dual min
columns containing chelating resin were utilized for the speciation and preconcentration of Cr(lll) and Cr(VI) in water samples. In this system,
Cr(lll) was collected on first column packed with iminodiacetate resin. Cr(VI) in the effluent from the first column was reduced to Cr(lll), which
was collected on the second column packed with iminodiacetate resin. Hydroxyammonium chloride was examined as a potential reducing age
for Cr(VI) to Cr(lll).

The effects of pH, sample flow rate, column length, and interfering ions on the recoveries of Cr(lll) were carefully studied. Five millilitres of a
sample solution was introduced into the system. The collected species were then sequentially washed by 1 M ammonium acetate, eluted by 2
nitric acid and measured by ICP-AES. The detection limit for Cr(lll) and Cr(VI) was 0.08 and.@.I:3, respectively. The total analysis time
was about 9.4 min.

The developed method was successfully applied to the speciation of chromium in river, tap water and wastewater samples with satisfied result
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction toxic and carcinogeni§2—4]. The United State Environmen-
tal Protection Agency (USEPA) has regulated the permissi-
Speciation analysis of trace amounts of chromium(lll) andble limit of 0.1 mgt?! of total chromium in drinking water.
chromium(VI) ions has become an important topic in environ-In Japan, the maximum tolerable concentration of chromium
mental and biological sciencgs]. It is well known that the in wastewater is 0.5 and 0.05 mg}l for total chromium and
toxicological and biological properties of most elements depenghromium(V1), respectively. However, World Health Organi-
upon their chemical forms. Therefore, the knowledge on the spezation (WHO) thought that the guideline value of 0.05my |
ciation of chromium is of particular necessity. of chromium(VI) is too high, compared with its high risk of
Chromium is widely used in various industries, such as platcarcinogenicity. Consequently, the development of sensitive
ing, tanning, paint and pigment production, and metallurgymethod, as well as the speciation method of chromium, in envi-
which possibly contaminate the environment. Chromium(lll)ronment is absolutely required.
compounds are one of the essential trace nutrients in human A number of methods have been reported for the speciation
bodies, and play an important role in the metabolism of glu-of chromium in water samples. Liquid chromatography (LC)
cose and certain lipids, whereas chromium(VI) compounds ariss a convenient method for the separation and determination
of metal ions simultaneously. The LC methods coupled with
atomic absorption spectrometry (LC-AA5], inductively cou-
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MS) [7] were successfully applied to the speciation of chromiumrable 1

in water samples. Generally, the speciation of chromium is perPpPerating conditions of ICP-AES
formed after the separation of one species of chromium(lll)cpP-AES:SII VISTA-PRO

and (VI) by sorption[8-10], solvent extractiorj11], and co- Plasma condition

precipitation[12,13], followed by the instrumental analysis, RF power L2kw

. . . . Plasma gas flow rate 15| mif Ar
and the another species is then determined after reducing OT auxiliary gas flow 1.5 min Ar
oxidizing the residual chromium contained in the sample solu- Nepyiizer gas flow 0.75 | mint Ar
tions. Hirata et al[9] used an iminodiacetate chelating resin  sample uptake rate 1.0 ml ik
for the collection/preconcentration of Cr(lll) in seawater. Total Nebulizer Concentric glass nebulizer
chromium was determined after addition of the reducing agent Torch One-piece low flow extended

. . torch in the axial view mode

to the sample, whereas Cr(VI) was determined by subtracuoBata acquision
of total chromium with Cr(lll). The concentration of Cr(VI) in \jeasurement mode Time scan mode
waters is usually about one order of magnitude lower than that of Emission line 267.716 nm

Cr(Ill) and its determination as a difference between two much
higher values may generate large errors.

Another option for the speciation of chromium is a simultane-
ous retention of Cr(lIl) and Cr(VI) by using dual column system.PUMPs (ALITEA, Sweden and SPETEC, Germany) were used
The dual column system can be constructed using the sani@ Propel the solution of buffer, sample, reducing agent and elu-
sorbent§14—16]or different sorbentfl 7—19] This system pro-  €nt.
vide a good efficiency for the separation and preconcentration
of Cr(Ill) and Cr(VI), which resulted in more accurate analysis2.2. Reagents and materials
when the species of chromium exist at very low level. The use of
a dual column system, in which each species of chromium was A 100 mg ! stock standard solution of Cr(lll) was prepared
retained on one column with their respective elution, was firsby dissolving chromium nitrate nonahydrate (analytical reagent
reported by Naghmush et 4L7]. In this method, the effluent grade: Wako Pure Chemicals, Osaka, Japan) in 0.01Tholl
pH of the first column must be readjusted before it enters th&itric acid solution (ultrapure reagent grade: Kanto Chemical,
other column, which makes the procedure somewhat complifokyo, Japan). A 100 mgf Cr(VI) stock standard solution was
cated. This disadvantage was solved by Motomizu §t8land  prepared by dissolving sodium chromate tetrahydrate (analyti-
Hashemi eta[19]. However, the latter methods suffer from high cal reagent grade: Kanto Chemical, Tokyo, Japan) in ultrapure
concentration of matrix existing in water samples, which signif-water (resistivity> 18 MQ cm~?) prepared by an Elix3/Milli-Q
icantly reduced the sorption efficiency of chromium species oriElement System (Nihon Millipore, Japan).
the column. Accurately diluted solutions of Cr(lll) and Cr(VI) were pre-

In this study, the on-line preconcentration system using3ared daily using the standard stock solutions. The reducing
dual mini-columns containing iminodiacetate chelating resimagent was prepared by accurate dilution of a stock solution
was proposed for the speciation of chromium(lll) andof 10(w/v)% hydroxylamine (Wako Pure Chemical, Osaka,
chromium(VI). In this system, chromium(lll) was collected Japan). The ammonium acetate solution was prepared by appro-
on first column, whereas chromium(VI) was reduced topriate mixing of the electronic grade acetic acid and ammonia
chromium(lll) in the downstream and collected on the secwater (Mitsubishi Chemicals, Japan).
ond column. Hydroxylamine was used as a potential reducing An iminodiacetate resin (Muromac A-1, 50-100 mesh:
agent for the conversion of chromium(VI1) to chromium(lil). Muromachi Technos, Japan) was used for the collection and the
The collected species were sequentially eluted by 2M nitrigoreconcentration of Cr(lll) species. The solid-phase columns
acid and measured by ICP-AES. The developed method pewas prepared by packing the resin into the PTFE tubing
mits the simultaneous measurement of both chromium(ill) andd cmx 2mm i.d.) equipped with the plugs of quartz wool
chromium(VI) without need to readjust the pH of samples. Theat both ends of the tubing to keep the resin in the col-
method was successfully applied to the speciation of chromiurdmn. The sample solutions were filtered through the mem-

in environmental water samples. brane filter of nitrocellulose ester (0.4Bn, Advantec, Toyo,
Japan) and adjusted to pH 3.3 before being injected to the

2. Experimental system.

2.1. Instrumentation 2.3. Column separation/preconcentration procedure

The ICP-AES system (Vista Pro, Seiko Instrument, Japan) The schematic diagrams for the on-line separation/
was used for the measurement of chromium. The optimized opepreconcentration of Cr(lll) and Cr(VI) are shownkig. 1L The
ating conditions of ICP-AES were summarizedlable 1 The  procedures involve the conditioning step (0.2 min), in which the
flow diagram for the pretreatment of sample is showRimn 1L iminodiacetate chelating resin in column was washed with ultra-
The PTFE tubing (0.5 mm i.d.) was used for the assembling opure water, followed by the collection step (4.2 min; 5ml of
flow lines in a flow injection pretreatment system. Peristalticsample solution), where the chromium in water samples (pH
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