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Abstract

A flow injection (FI) in-valve-mini-column packed with Chelex-100 resin is proposed for on-line sample pretreatment for some metal ions,
namely, Cd(ll), Pb(Il) and Zn(ll), prior to simultaneous determination using ion chromatography (IC). A solution containing a mixture of the
cations was first passed through the in-valve-mini-column, followed by on-line elution. The eluate was then flowed further to an injection
valve and was injected into an ion chromatograph. Conditions of the system were optimized. A single standard calibration was possible. The
recoveries of cations were found to be in the range of 95-105%. The developed method was applied to the accurate analysis of zinc ore
samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction alyte ion from matrix ions that are present in relatively high
concentrationf3—9]. Post column derivatization with a color
Sample pretreatment is necessary when the analyticalreagent such as 4-(2-pyridylazo) resorcinol (PAR) or 2-(5-
method cannot provide good separation and quantificationbromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP)
due to interferences from sample matrix componghjs for visible spectrophotometric detecti¢gh0—13] has been
Sample preparation has been a growing area in chromatog-used for good sensitivity and stable baselines. One of the most
raphy over the past several years, since samples containingmportant aspects of developing an IC method is the abil-
interfering substances can affect chromatographic perfor-ity to recognize when undesirable chromatographic effects
mance. These substances may mask the peak of interest oare derived from sample matrix interferences. Sample matrix
irreversibly retain on the analytical column, permanently effects can include shortened retention times, poor peak ef-
damaging the column. To eliminate these problems, suchficiency, poor resolution, poor reproducibility and irregular
samples need to be treated before injeci@n A common baseling1].
problem in ion chromatography is poor resolution of an an- A flow injection (FI) system can be used to introduce sam-
ples into a detector such as atomic absorption spectrometry
(AAS), inductively coupled plasma-atomic emission spec-
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to enhance the pretreatment step. FlI systems with on-line
sample pretreatment are very beneficial. Automation of sam-
ple pretreatment and manipulation within the manifold have

increased sample throughput and decreased the potential

for sample contaminatiofi4,15]. These include, for exam-
ples, column retention, gas diffusion, and solvent extraction
[16,17]. The on-line column in a FI system could be used for
sample pretreatment for complicated matrix samples prior to
the determination step.

In the present work, a simple flow injection system with
an in-valve-mini-column has been coupled with a simple ion
chromatograph (IC) with a conductivity detector without sup-
pressor, for on-line sample cleaning or pretreatment for the
determination of Cd, Pb and Zn in a complicated matrix sam-
ple such as in a zinc ore sample, prior to their determination.
An additional advantage of prolonging the life-time of the IC
column is also gained.

2. Experimental
2.1. Standard solutions

Standard solutions of each cation were prepared by ap-
propriate dilution of a stock standard solution (1000 mig|
Merck, Germany). Ultrapure water (resistivity 18 noga—1)
was produced by a Milli-Q system (Millipore, Bedford, MA,
USA).

2.2. Buffer solutions and eluents

For the FI system, ammonium acetate buffer solution
(2.0M, pH 5.4) was prepared by mixing 57 ml of glacial
acetic acid (99.8% (w/v), Merck, Germany) and 75ml of
25% ammonia liquor (25% (w/v), Merck, Germany) and di-
luting to 1000 ml. Sodium citrate buffer solution pH 3 was
prepared from reagent-grade chemical obtained from Merck
(Germany). The eluent was 2.0 M HN@5% (w/v) HNG:;,
Merck, Germany).

Forthe IC system, a mixture of tartaric acid and oxalic acid
was employed as the eluent. The eluent concentration opti-
mized for the best resolution was: 3 mM tartaric acid/1 mM
oxalic acid.

All solutions were degassed using an ultrasonic bath be-
fore use.

2.3. Flin-valve-mini-column

Chelex-100 (sodium form, 50-100 mesh; Bio-Rad Labo-
ratories) was packed in a mini-column, made of acrylic tubing
(3mm i.d. x 2cm), similarly described ifil6]. Teflon frits
were placed at each end of the column to prevent the loss
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Fig. 1. lon exchange mini-column.

2.4. Instruments

2.4.1. Flsystem

The FI system consisted of two peristaltic pumps (MP-
3, EYELA, Tokyo Rikakikai, Tokyo, Japan and Ismatec,
Glattbrugg-Zurich, Switzerland), and a Rheodyne (model
7725i) injection valve with in-valve-mini-column.

2.4.2. lon chromatograph

The ion chromatographic system without chemical sup-
pression (Metrohm Ltd., Switzerland) used this study con-
sisted of a Metrohm isocratic pump, a six-port valve with
20pl sample loop, and a Metrohm 732 conductivity detector
(without suppressor). The analysis column used for the cation
separation was a universal cation column (4.6 snf®0 mm;
Altech, USA). The column was packed with polybutadiene-
maleic acid (PBDMA) coated on silica material. The chro-
matograms were recorded and handled with Metrohm soft-
ware (Metrohm lon analysis, Metrohm Ltd., Switzerland),
which was also used for controlling the pump and injection
valve.

2.5. Procedure

The FI-IC manifold (Fig. 2) operation was controlled by
two injection valves under manual control for timing as indi-
cated inFig. 3. Standard/sample solution was mixed with
buffer to adjust the pH for adsorption of cations on the
resin, and flowed through the column with the Fl-valve in
the load position, with various loading times, while the un-
retained cations were passed to waste. After that the valve
was switched to the injection position and 2.0 M HNO
was flowed through the mini-column to elute cations from
the column. The eluate was neutralized with 2.0 M NaOH
and then controlled for pH with citrate buffer. When the
elapsed time was 24 s after switching the Fl valve to the
injection position, the zone of cations was moved into
the sample loop and was injected into the IC via the IC
valve.

2.5.1. Preparation of zinc ore samples
A portion (0.1g) of a zinc ore sample was accurately

of the resin when a solution passed through the column, asweighed and digested with concenterated nitric acid (25 ml)
shown inFig. 1. The two ends of the column were connected by heating on a hot plate until it became clear (about 4 h).
to a six-port injection valve by replacing a sample loop of the It was filtered and transferred into a 250 ml volumetric flask
valve. and made to the volume with 1% nitric acid.
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Fig. 2. Manifold of FI-IC combination; P: peristaltic pumps;:Bmmonium acetate buffer,Bsodium citrate buffer; S: sample or standard solution; E: 2.0 M
nitric acid; N: 2.0 M sodium hydroxide; mobile phase: mixture of tartaric acid and oxalic acid; sample logpto2® of IC; IC column: universal cation
column 100 mmx 4.6 mm; D: conductivity detector (without suppressor).
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Fig. 3. Schematic diagram of timing control for operation of valves in the FI-IC system.

3. Results and discussion from conventional ion chromatography are showRio 5(a)
and (b), respectively. Milli-Q water was used as a blank solu-
3.1. lon chromatography tion and a mixture of cations containing 3mgCu, 3mg

Zn, 5mg ! Cd and 10 mgt! Pb in 20ul was injected di-

The conditions, mobile phase concentration, and flow rate rectly into the ion chromatograph with a mobile phase flow
of mobile phase for ion chromatographic separation were op-rate of 1.5 mlmin! and an injection volume of 20l. In the
timized. Results are summarizedliable landFig. 4(a)—(d). chromatographic separation similar to a previous ref@jst
For the flow rate studies (1.0, 1.5 and 2.0 mi i) the lower a mixture of 3mM tartaric acid/1 mM oxalic acid was used as
the flow rate employed, the better sensitivity obtained, but a the mobile phase since this organic acid eluent can separate
lower flow rate resulted in longer analysis time, as expected. Cd, Cu, Pb and Zn on the PBDMA stationary phase, which
Chromatograms of a blank solution and of cations obtained is polybutadienemaleic acid coated on silica material of the

Table 1

Concentrations of tartaric acid and oxalic acid

Concentration (mM) Retention time (min) Total analysis time (min) Comments

Tartaric acid Oxalic acid Cu Zn Cd Pb

3.0 2.0 1.1 4.4 11.8 12.9 17 Bad resolution of Cd and Pb (Fig. 4a)
15 2.0 1.1 5.2 154 15.4 20 Co-elution of Cd and Pb (Fig. 4b)

3.0 15 1.4 6.5 17.0 20.5 25 Good resolution of all cations (Fig. 4c)

3.0 1.0 1.9 9.4 23.0 31.3 35 Good resolution of all cations (Fig. 4d)
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Fig. 4. Chromatograms of cations in Milli-Q water at different concentrations and ratios of tartaric acid and oxalic acid as a mobile phase: (a) 3 mM tartaric

acid/2 mM oxalic acid, (b) 1.5 mM tartaric acid/2 mM oxalic acid, (c) 3 mM tartaric acid/1.5 mM oxalic acid and (d) 3 mM tartaric acid/1 mM oxalic acid. The

values on the peak tops are concentrations (mg 1-7).

universal cation column. The retention time of the cations with sodium citrate buffer solution before flowing into the
of interest in the presence of the mobile phase followed the IC injection valve, because highly acid solution will affect
order Cu < Zn < Cd < Pb, and the separation was achievedthe analytical column. The baseline of the blank solution in

within 35 min at a flow rate of 1.5 ml mint.

3.2. Flow injection-ion chromatography

Using the FI-IC system and optimal conditions of the
FI system inTable 2, the results ifrig. 6a show the chro-
matogram of a blank solution obtained on-line from the FI
system to the ion chromatograph. A blank solution (with-
out cations) was loaded on the in-valve-mini-column and
followed by the on-line elution process with 2.0 M HNO
for Fl operation. The eluate acid solution from the FI sys-
tem was neutralized with 2.0 M NaOH and the pH controlled

Table 2
Proposed conditions for FI system with in-valve-mini-column

Parameters Conditions

Buffer for adsorption process 1.0 M ammonium acetate buffer pH 5.4
Loading flow rate 3mimint

Eluent 2.0 M Nitric acid

Eluent flow rate 1.6 mimin?t

Base for neutralized eluate 2.0 M sodium hydroxide

Buffer for eluate Sodium citrate buffer pH 3

the chromatogram exhibits a large, early elution peak, which
is that of a high concentration of unretained™N@n. Be-
cause the conductivity of Naion is lower than that of Fi

ion, a baseline drift occurs from the change of the" Kt

ratio leading to stepwise fashion at the about 20-25th and
25-27th min.

In Fig. 6b, the chromatogram of a mixture of cations (Cd,
Cu, Pb and Zn) was obtained by using the same conditions as
for the blank. From the chromatogram, the high conductivity
of the unretained N&aion causes a large peak and interferes
with the Cu peak ¢ = 1.4 min).

Reproducibility tests were carried out for estimating the
relative standard deviation (R.S.D.) of the chromatographic
peak areas. This data was obtained from five repeated injec-
tions at a loading time of 40 s for a concentration pfiglml—1
of all interested cations. Average R.S.D. values of 3.1, 3.5 and
5.1% for Zn, Cd and Pb, respectively, were obtained.

Calibration plots, with various loading times, were con-
structed with single standard calibration by using a plot of
peak area (y-axis) and micrograms of cation loaded (x-axis).
The microgram of cation was calculated by concentration
(wgml~1) of a standard solution used loading flow rate
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Fig. 5. Chromatograms: (a) blank solution without cations using Milli-Q
water (b) cations (Cd = 5mg}, Pb = 10mgt?, zn =3mg 1) in Milli-Q
water by direct injection into ion chromatograph without FI system. Peaks:
Cd (R = 24.1min), Pb @& = 32.5min) and Zn ¢ = 9.8 min); column:
universal cation (100 mm 4.6 mm); eluent: 3 mM tartaric acid/1 mM oxalic
acid; flow rate 1.5 ml min; injection volume: 2Qul; detector: conductivity
without suppressor.

(mlmin~1) x loading time (min). The plots were found to
be linear. For each cation, two breaks of linear calibration
ranges were obtained; for Cgl= 105x— 99 (2 = 0.989) (for
6—25ug) andy = 44x + 1035 (P = 0.981) (for 25-6QLg);

for Pb:y = 93 + 762 ( = 0.983) (for 18-54.g) andy =
43x+ 3559 (P = 0.992) (for 54-18@.g) and for Zny = 89

— 553 (” = 0.986) (for 60-20@Lg) andy = 59% + 5561 (P
=0.992) (for 200-60Q.g). Under such conditions, detection
limits were: 5, 3 and 4.g for Cd, Pb and Zn, respectively.

Table 3
Analysis of zinc ore samples

Fig. 6. Chromatograms: (a) blank solution without cations, using the FI-IC
system (b) cations (Cd = 5mg!, Pb = 10mgt?, Zn = 3mg?) by using

the Fl on-line sample pretreatment with loading time 1 min and loading flow
rate 3mlminm? before injecting into ion chromatograph with elapsed time
24 s. Peaks: Cdgt=24.3 min), Pb @ = 32.6 min) and Zn & = 9.9 min); col-
umn: universal cation (100 mm 4.6 mm); eluent: 3 mM tartaric acid/1 mM
oxalic acid; flow rate 1.5 mlmint; injection volume: 2Qul; detector: con-
ductivity without suppressor.

The proposed method was applied to the determination of
cation mixtures in zinc ore samples and ore samples with
spiked cations. To determine Cd, Zn and Pb in zinc ore
samples which have high matrix content, the digested sam-
ple solution was on-line pretreated using the in-valve col-
umn FI system. The pretreated sample zone was injected
into the ion chromatograph. The results obtained agree with
reference methods (AAS and ICP—-AES), all from triplicate

Sample Concentration found (%)

zn Cd Pb

Fl-1c2 ICP-AES AASP Fl-Ica ICP-AESQ AASP Fl-ICa ICP-AES AASP
A 253+0.6 30.4+ 0.2 30.4+02  0.27+0.01 0.33+ 0.02 0.32+ 0.02 6.0£0.2 58+0.3 57+0.3
B 495+ 1.2  45.1+05 451+05  0.19+0.01  0.20+0.02 0.20+ 0.02 5.4+ 0.2 6.3+ 0.3 6.3+ 0.3
C 424+08  451+05 451+0.5  0.20+£0.01  0.20+0.02 0.19+0.02  4.4+0.2 6.3+ 0.3 6.3+ 0.3
D 269+ 0.4 27.8+0.2 27.8+£0.3  0.18+0.01  0.19+0.02 0.19+0.02  4.6+0.1 4.8+ 0.3 4.8+ 0.3
E 285+0.4 27.94+0.3 27.8+0.3 0.18+0.01  0.19+0.02 0.18+0.02 46+02  4.8+0.3 48+03

Both (a) and (b) were from triplicate results: mears.D.

@ The proposed method.

b Analyzed by the Mineral Resources Region 3 (Chiang Mai).
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determination with standard deviation as represented insearch grant support, the Post Graduate Education and Re-
Table 3. The recoveries of cations were found to be in the search Program in Chemistry, the Commission for Higher
range of 95-105%. The proposed procedure offers simulta-Education and the Graduate School, Chiang Mai University,
neous determination of Cd, Pb, and Zn. This is advantageousThailand for partial support.

over the AAS, in which simultaneous determination is not

possible. The proposed pretreatment using Fl column reduces
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