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Selective Determination of Mercury(II) Ion
in Water by Solvent Extraction Followed
by Reversed-Phase HPLC

Susumu Ichinoki,” Naomi Kitahata, and Youichi Fujii

Faculty of Pharmaceutical Sciences, Hokuriku University,
Kanazawa, Japan

ABSTRACT

A selective determination method for mercury(Il) ion in water by
reversed-phase high performance liquid chromatography (HPLC) has
been developed. A water sample of SmL was put into a 10-mL
centrifuge tube with a stopper. Then, 1 mL of 2-mol/L (M) acetate
buffer solution of pH 5.5 was added into the centrifuge tube. After mixing
the contents, 1mL of 0.5M tetrabutylammonium bromide (TBA-Br)
solution and 0.3 mL of 1-octanol were added. A mercury ion was extracted
into an organic layer by shaking the contents for 10 min. The organic layer
of 8 wL was injected into a C;g column with an eluent of methanol /water/
0.5 M TBA-Br (65:31:4, v/v), and the effluent was monitored at 255 nm.
The detected mercury compound was estimated as [(TBAT),- HgBrﬁf]O.
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University, Ho 3, Kanagawa-machi, Kanazawa 920-1181, Japan; E-mail: s-ichinoki @
hokuriku-u.ac.jp.

1785

DOI: 10.1081/JLC-120037371 1082-6076 (Print); 1520-572X (Online)
Copyright © 2004 by Marcel Dekker, Inc. www.dekker.com



19: 30 23 January 2011

Downl oaded At:

ORDER REPRINTS

1786 Ichinoki, Kitahata, and Fujii

The correlation coefficient of the calibration curves (metal concentration
vs. peak area), obtained with 5mL of mercury standard, was more than
0.999 over the range of 10ng/mL (ppb) to 10 wg/mL (ppm). The detec-
tion limit of Hg ion in a 5-mL solution was 0.8 ppb, which corresponded to
three times the standard deviation of the blank peak area. Reproducibilities
(RSD) of peak areas for 5-, 0.5-, and 0.05-ppm Hg ion were 1.8%, 0.6%,
and 0.6%, respectively (N =5). Recovery tests were carried out by the
presented HPLC method with spiked river water samples. The recoveries
for 5-, 0.5-, and 0.05-ppm Hg ion were 99.5%, 102.9%, and 99.8%,
respectively. Effects of foreign ions on the method were investigated
with 0.2-ppm Hg standard and 55 metal ions. Tolerance limits of Be(Il)
and Sc(Ill) were 20 ppm, and those of Bi(Ill) and Pd(I) were 40 ppm.
The other metal ions of 100 ppm, or more, did not interfere with the deter-
mination of mercury(Il) ion.

Key Words: Mercury(Il) ion; High performance liquid chromatography;
Ion pair extraction; Tetrabutylammonium bromide.

INTRODUCTION

Mercury (Hg) is well known as one of the most toxic metals. For mercury
analysis, atomic absorption spectrometry combined with a reducing vaporiza-
tion technique, inductively coupled plasma-atomic emission spectroscopy
(ICP-AES), and inductively coupled plasma-mass spectrometry are routinely
used.

On the other hand, the application of high performance liquid chromato-
graphy (HPLC) in the separation and determination of metal ions has
increased in recent years."' > HPLC is not a very expensive apparatus, and
the running cost is very low. In addition, operation of the HPLC is easy and
specific skills are not required. Many metal ions have been determined as
metal chelates with various chelating agents.

The authors have reported metal determination methods by reversed-phase
HPLC with photometric detection, using dithiocarbamate,[6’7] B—diketones,[&g]
N-(dithiocarboxy)sarcosine, diammoniumsalt,'’®’ and salicylideneamino-
2-thiophenol" ' as pre-column chelating agents. A more sensitive quantitative
analysis (ng/mL level) is possible by combining pre-column derivatization
HPLC with appropriate pre-concentration, such as solvent extraction.

We found that Hg(II) ion in acidic solution was extracted into some alco-
hols, such as 1-octanol or 1-decanol, in the presence of tetrabutylammonium
bromide (TBA-Br). The extracted mercury compound gave no chromato-
graphic peak with a methanol—water eluent and a C;g column. However, an
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eluent of methanol-water containing TBA-Br gave a sharp chromatographic
peak. In addition, it was found that the peak area or height was proportional to
the Hg(II) ion concentration under certain conditions.

In this paper, extraction and HPLC conditions were studied for selective
and sensitive determination of Hg(II) ion in water. The detection limit, work-
ing range of calibration curve, reproducibility, and recovery were described.
The composition of Hg compound extracted was also discussed.

EXPERIMENTAL
Instrumentation

The HPLC system consisted of a Jasco PU-1580i inert pump (Japan Spec-
troscopic Co., Ltd., Tokyo, Japan), Rheodyne 9725i injector (Cotati, CA),
Jasco UVIDEC-100-VI photometric detector (Japan Spectroscopic Co., Ltd.,
Tokyo, Japan), Cosmosil 5 C;g-MS-II stainless steel column (250 x 4.6 mm
ID, Nacalai Tesque, Kyoto, Japan), Chromatopac C-R8A data processor
(Shimadzu Co., Kyoto, Japan), and a thermostat water bath. A micro syringe
with an Ni-Ti alloy plunger was used for sample injection. A Yamato SA-31
auto-shaker (Yamato Scientific Co., Ltd., Tokyo, Japan) was used for solvent
extraction. A pH meter model F-21 (Horiba, Ltd., Tokyo, Japan) was used to
measure the pH of the aqueous layer. A micropipette was used for 1 mL or less
volume of solution.

Reagents

All reagents used were of analytical-reagent grade unless otherwise
stated. Milli-Q water was used for the aqueous-solution preparation. Hydro-
chloric acid was of super special grade for toxic metal analysis (Wako Pure
Chemicals Industries Co., Osaka, Japan). Methanol was distilled and filtered
through a membrane filter (pore size, 0.45 wm). A TBA-Br (Wako) solution
of 0.5mol/L (M) was also filtered through a membrane filter (pore size,
0.45 wm). The mercury standard solution of 1000 pwg/mL (ppm) for AAS
was obtained from Wako. The Hg solution was prepared with HgCl, and
0.02M HCI. The other Hg solutions were obtained by dilution of the
above solution (1000 ppm) with 0.1 M HCIL. HgSO,, Hgl,, Hg(CH3;COO),,
and HgBr, were purchased from Wako. Other metal solutions of 1000 ppm
used were purchased from Wako, and summarized in Table 1. For pH adjust-
ment, 0.1 M HCI, 2 M acetic acid/1 M HCI (pH 1.5-3), 2M acetic acid/2M

Copyright © Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 ®



19: 30 23 January 2011

Downl oaded At:

ORDER | [l REPRINTS
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Table 1. Metal standard solutions used.

Metal Salt Medium Metal Salt Medium
Ag(D) AgNO; 0.1M HNO; Mn(I) Mn(NOs), 0.1 M HNO;
AI(II) AI(NO3);3 0.5M HNO; Mo(VI) (NHy)¢Mo,0,4 H,O
As(IIT) As,O5 NaOH in Na(I) NaCl H,0

water pH 5

with HCl1
Au(II) HAuCl, 1M HCl Nd{II) Nd(NOs)s3 1M HNO;
Ba(Il) BaCl, 1M HC1 Ni(II) Ni(NO3), 0.1 M HNO;
BedI)* BaSO, 0.03M HNO; Pb(II) Pb(NOs), 0.1 M HNO;
Bi(II) Bi(NO3); 0.5M HNO; Pd(II) PdCl, 1M HC1
Ca(Il) CaCO; 0.1M HNO; Pr(Ill)  Pr(NOs)s3 1M HNO;
Ce(II) Ce(NO3); 1M HNO; Pt(IV) H,PtClg 1M HC1
Cd(II) Cd(NO3), 0.1M HNO; Rh(II) Rh(NO3); 2M HNO;
Co(II) Co(NO3), 0.1M HNOs; Sb(Il) SbCls 3M HCI
Cr(VD) K>Cr,0, 0.1M HNO;  Sc(Ill)*  Sc (metal) 1M HNO;
Cs(D) CsNO; 0.5M HNO3; Se(IV) SeO, 0.1 M HNO;
Cu(II) Cu(NOs3), 0.1M HNO5; Si(IV)  Na,SiO; 0.2M Na,CO3
Dy(11II) Dy(NO3;); 1M HNO; Sm(II) Sm(NO3); 1M HNO;,
Er(1IT) Er(NO3); 1M HNO; Sn(II) SnCl, 6M HCI
Eu(II) Eu(NO3); 1M HNO; Sr(II) Sr(NO3), 1M HNO;
Fe(III) Fe(NO3);3 0.1M HNO; Tb{Il) Tb(NO3);3 1M HNO;
Ga(III) Ga(NO3)3 1M HNO; Te(IV) TeCly 6M HCI
Gd(IIT) Gd(NO3)3 1M HNO; Ti(IV)  Ti(SOy), 1M H,SO,
Ge(1V) GeO, H,O TI(D) TINO; 1M HNO;
HgID) HgCl, 0.02M HCI Tm(II) Tm(NO3); 1M HNO;3
Ho(III) Ho(NO3)3 1M HNO; V(V) NH,VO; 0.45M H,SO,
In(1II) In (metal) 0.5M HNO; W(VI) Na,WOy, H,O
K@) KCl H,0 Y(III) Y(NO3);3 1M HNO;
La(III) La(NO3)3 1M HNO; Yb(IIT)  Yb(NOs3); 1M HNO;
Lu(II) Lu(NO3)3 1M HNO; Zn(Il)  Zn(NOs), 0.1 M HNO;

Mg(ID) Mg(NOs), 0.IMHNO; Zr(IV) ZrO(NOs), 1 M HNO;

“Concentrations of the metal ions were 1000 ppm, except for Be and Sc (100 ppm).

sodium acetate solution (pH 4-6), 2M tris(hydroxymethyl)aminomethane /
IM HCI (pH 7 and 8), and 2M NH3/2M NH4CI solutions (pH 9 and 10)
were used. River water was collected from the Kakehashi River (Komatsu,
Japan). Concentrated hydrochloric acid was added to the river water,
immediately, to adjust the pH to 1. The solution was then filtered through
a membrane filter (0.45 um pore size) and used as the river water sample
for HPLC analysis.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Determination of Mercury(II) Ion in Water 1789
Recommended Extraction Procedure and HPLC Conditions

Transfer a sample solution, or an Hg standard solution (5.0 mL), into a
10 mL centrifuge tube with a stopper. Adjust the pH of the solution to about
5, if necessary. Add 1000 wL of 2M acetic acid/2M sodium acetate buffer
solution (pH 5.5). After mixing, add 1000 pL of 0.5M TBA-Br solution
and 300 pL of I-octanol. Shake the contents for 10 min. After standing at
least for 5 min, determine the Hg compound extracted under the following
HPLC conditions: column: Cosmosil 5 C;g-MS-II (250 x 4.6 mm ID, particle
size 5 wm), column temperature: 40°C, eluent: methanol/water/0.5 M TBA-
Br (65:31: 4, v/v), flow rate: 1.0 mL/min, injection volume: 8 wL (organic
layer), detection wavelength: 255 nm. Analysis time of HPLC (stop time):
12 min.

HPLC Conditions

Optimum detection wavelength was determined by the following experi-
ment: according to the recommended extraction procedure, the Hg ion (1 ppm
in a 5-mL solution) was extracted into 1-octanol. After phase separation,
5 L of the organic layer was injected and analyzed under the recommended
HPLC conditions, except for detection wavelength (240—330 nm). Each peak
area was plotted against the wavelength.

Injection volume was investigated in the range of 3—20 L. The peak area
and peak height of Hg compound were measured and plotted against the injec-
tion volume.

Eluent composition was investigated with methanol /water/0.5 M TBA-Br
mixture as an eluent, to obtain maximum peak height and reasonable retention
time.

Extraction Conditions

For quantitative extraction of Hg ion into 1-octanol, effects of TBA-Br
concentration, extraction pH, and shaking time were investigated. Into a
centrifuge tube, 1000 wL of 50 ppm Hg standard and (6 — x) mL of water
were added. After mixing, 1000 pL. of 2 M acetate buffer solution (pH 5.5)
was added to the centrifuge tube, and the contents were stirred by hand.
Finally, xmL of 0.5M TBA-Br solution and 300 uL of 1-octanol were
added, where x varied from O to 2. The total volume of each aqueous layer
was 7mL. The contents were then shaken for 10 min, and the 5 pnL of the
organic layer was chromatographed according to the recommended HPLC

Copyright © Marcel Dekker, Inc. All rights reserved.
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conditions. The peak area of the Hg compound peak was plotted against the
volume of 0.5M TBA-Br solution added.

Extraction pH (pH 0.7-9.5) was also investigated with various buffer
solutions according to the recommended procedure, except for pH. After
phase separation, the pH of the aqueous layer was measured by a pH meter,
and the peak area was plotted against the measured pH. Shaking time for quan-
titative extraction of an Hg ion was examined over the range of 2—80 min.

Effects of Foreign Ions

The effects of foreign ions on the determination of Hg ions were tested
with 55 metal ions. Each foreign metal ion and 200 p.L of 5-ppm Hg standard
were placed into a centrifuge tube, and diluted to 5 mL with Milli-Q water.
Concentration of Hg ion in the solution was determined by the recommended
procedure and HPLC conditions. The recovery percentage was calculated
from the peak area and that of the Hg standard containing no foreign metal ion.

Recovery Tests with a River Water Sample

River water samples (pH 1) of 4.5 mL and 500 p.L of Milli-Q water were
taken into a centrifuge tube. To another centrifuge tube, 4.5 mL of a river
water sample and 500 L of an Hg standard were added. The concentrations
of the Hg standard were 50, 5, and 0.5 ppm. Thus, the concentrations of added
Hg ions in 5 mL solutions were 5, 0.5, and 0.05 ppm. The Hg concentrations in
these solutions were determined according to the recommended procedure and
HPLC conditions, and each recovery percentage was calculated by the results.

RESULTS AND DISCUSSION
HPLC Conditions

The detection wavelength (255 nm) was set for a maximum peak area of
Hg compound as shown in Fig. 1. Because TBA-Br was required for the
elution of an Hg compound, the effects of the TBA-Br concentration in eluent
(methanol /water/0.5 M TBA-Br) on the peak height and retention time of the
Hg compound were investigated. Considering the results shown in Fig. 2,
20 mM was employed, because the Hg compound gave maximum peak height
and reasonable retention time. Thus, the mixture of methanol/water/0.5M
TBA-Br (65:31:4, v/v) was employed as the eluent for Hg determination,

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 1. Peak area vs. detection wavelength.

and run at 1.0mL/min. Injection volume was examined in the range of 3—
20 nL. The linear range of peak area was 3—20 pL, while peak height was
3-10 L. Thus, 8 wLL was selected as optimum injection volume. The column
temperature was set at 40°C considering the separation time (column press-
ure). A typical chromatogram obtained by the conditions was shown in
Fig. 3a. Although, the retention time of the Hg peak was about 4.8 min,
analysis time (stop time) was set at 12 min because of the base line disturbance
near 10.5 min.

Extraction Conditions
TBA-Br was required for extraction of Hg ion. When tetramethyl-

ammonium chloride (TMA-CI) was used instead of the TBA-Br, no chroma-
tographic peak appeared in a chromatogram. As shown in Fig. 4, the

1200 12 o
Z 1000 — 10 §
= 800 7 8 2
2600 6 =
4 [~ £
S 200 2 &

O 1 1 L O M

0 10 20 30 40
Concentration of TBA-Br in eluent (mM)

Figure 2. Effects of TBA-Br on peak height and retention time of Hg compound.
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™

£ Hg peak

Cr(VI)

Figure 3. Typical chromatograms of (a) Hg compound and (b) effect of Cr(VI) ion.
Concentration of metal ions in a 5-mL solution at the extraction step: (a) 0.05 ppm Hg,
(b) 200 ppm Cr(VI), and 0.2 ppm Hg.

optimum amount of 0.5M TBA-Br was determined as 1.0 mL, because the
peak area of the Hg compound was maximum and constant in the range of
0.5 to 1.5mL.

The effect of pH on the extraction of the Hg ion was shown in Fig. 5.
Because, constant and maximum peak areas were obtained over the pH
range of 1.8—-8.5, pH 5.5 was employed. This pH is easily controlled by an

8000

g &

2000 '/

Peak area (mV s)

0 1 . 1
0.0 0.5 1.0 1.5 2.0
Amount of 0.5 M TBA-Br (mL)

Figure 4. Effect of TBA-Br on extraction of Hg(Il) ion.
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Figure 5. Effect of pH on extraction of Hg(II) ion.

acetate buffer solution (acetic acid/sodium acetate). If a large amount of
foreign ion forms a precipitant of hydroxide, lower pH should be selected.

Because, the Hg ion was quantitatively extracted into 1-octanol by shak-
ing for 5-80 min, 10 min was selected.

Stability of the Hg compound in 1-octanol (organic layer) was also exam-
ined. Extraction was carried out according to the recommended procedure,
and the organic layer was put into a micro test tube with a stopper. After stand-
ing, the organic layer of 5 pL was chromatographed, and the peak area of the
Hg compound peak was plotted against the standing time. The result indicated
that the Hg compound extracted is stable for at least 8 hr, because constant
peak area was obtained.

Composition of Extracted Hg Compound

Hg standard solutions used were prepared with HgCl, and 0.02M HCI.
It is well known that HgCl, is slightly soluble in water, while highly soluble
in hydrochloric acid as Hy[HgCl,]. At first, it was expected that the Hg ion was
extracted as an ion pair of TBA,HgCl,. To estimate the composition of the Hg
compound extracted, HgSO,, Hgl,, Hg(CH5;COO),, and HgBr, were also
tested as starting materials. Because HgSO, and Hgl, were slightly soluble
in water, solvent extractions were carried out with the aqueous solutions
(1000 ppm Hg) of (1) HgCl,, (2) HgBr,, and (3) Hg(CH3COO),. The peak
area ratio obtained by the three solutions (1):(2):(3) was about 10:10:6.
There was a precipitant of red color in the 1000 ppm solution of (3) Hg
(CH3COO),, and, thus, gave smaller peaks. It should be noted that the
peaks of Hg compounds obtained by the three experiments gave exactly
the same retention time. In addition, similar experiments carried out without

Copyright © Marcel Dekker, Inc. All rights reserved.
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acetate buffer solution also gave peaks of the same retention time. The agree-
ment of the retention time indicated that the Hg compound extracted has the
same composition, in spite of the different starting materials (salts).

When TBA-Br was absent in the eluent, no chromatographic peak
appeared. Absence of TBA-Br at the extraction step also gave no peak.
HgBr, is well known that the salt was soluble as HgBri  in the presence of
bromide anion.

All the results indicated that the extracted Hg compound was [(TBA™T),
HgBr3 1%, that is, at first the Hg ion (for example, HgCl3 ™) was converted
to HgBrj in the presence of TBA-Br at the extraction step, and then extracted
as an ion pair of TBA,HgBr,. At least, the composition is consistent with our
results.

Calibration Curves, Detection Limit, and Reproducibility

Calibration curves for Hg ions were prepared with Hg standards of vary-
ing concentrations by the recommended extraction procedure and HPLC
conditions. Correlation coefficients of the calibration curves were more than
0.999 over the concentration range of 10 ppb—10 ppm, as shown in Table 2.
The wide calibration range was compared with that of ICP-AES.

Reproducibilities [relative standard deviation (N = 5)] of Hg peak areas
obtained with 5, 0.5, and 0.05 ppm Hg standard solutions were 0.9%, 1.8%,
and 0.6%, respectively (Table 2). Reproducibilities obtained another day
were 1.8%, 0.6%, and 1.1%, respectively.

The detection limit of the Hg ion in 5-mL solution was 0.8 ppb, which
corresponded to three times the standard deviation of the blank peak area.

Effects of Foreign Ions

The effects of 55 foreign ions on the determination of 0.2-ppm Hg(II) ion
(5 mL) were investigated. The tolerance limit value of the foreign ion concen-
tration was taken as the value that caused an error of less than 10% in the
recovery of 0.2 ppm Hg ion. The tolerance limits of Be(Il) and Sc(IIl) were
20 ppm (100-fold concentration of Hg ion), as shown in Table 3. Those of
Bi(IID), Pd(II), Ag(I), Sn(II), and V(V) were 40, 40, 100, 100, and 100 ppm,
respectively. The other ions tested did not interfere with the determination
of the Hg ion at a thousand times the concentration of the Hg ion. Some
metal ions, such as Cr(VI), Pt(IV), and V(V) gave chromatographic peaks.
The chromatogram obtained by 0.2ppm Hg(Il) and 200 ppm Cr(VI) was
shown in Fig. 3b. As shown in Table 1 (salt), significant amounts of HT,
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Table 3. Effects of foreign metal ions on determination of 0.2-ppm Hg ion.

Tolerance limit Metal ions

200 ppm AI(IID), As(IIT), Au(IID), Ba(Il), Ca(IT), Cd(IT), Ce(III), Co(II), Cr(VI),
Cs(I), Cu(Il), Dy(I1I), Ex(I1I), Bu(IIl), Fe(III), Ga(IIl), Gd(III),
Ge(IV), Ho(IIT), In(IIT), K(I), La(IIT), Lu(III), Mg(II), Mn(ID),
Mo(VI), Na(I), Nd(III), Ni(II), Pb(II), Pr(IIT), Pt(IV), Rh(IID),
Sb(II), Se(IV), Si(IV), Sm(IIL), Sr(II), Tb(III), Te(IV), Ti(IV),
TI(T), Tm(II), W(VI), Y(II), Yb(III), Zn(D), Zr( IV),

100 ppm Ag(D), Sn(Il), V(V)
40 ppm Bi(III), Pd(II)
20 ppm Be(II), Sc(IIl)

Note: The tolerance limit value of the foreign ion concentration was taken as the value
that caused an error of less than 10% in the recovery of Hg ion (0.2 ppm).

Cl~ NO5, and SO3 did not interfere with the determination of the Hg(II) ion.
The effects of foreign ions described above, indicated that the presented HPLC
method is highly selective for Hg(II) ion.

Recovery Tests with a River Water Sample

An Hg standard was added to the river water sample. Then, the Hg ion in the
solution was analyzed by the proposed HPLC method. The recoveries obtained
for 5, 0.5, and 0.05ppm Hg ions were 99.5 + 1.8%, 102.9 + 1.9%, and
99.8 + 1.9%, respectively (Table 4). As shown in Table 4, correlation coeffi-
cients of the calibration curves were more than 0.999. The high recovery indicated
that the ions in typical river water did not interfere with the Hg determination.

CONCLUSION

In this paper, a highly selective HPLC method for Hg(Il) ion has been
shown. The presented method for mercury analysis requires a conventional
HPLC apparatus equipped with a photometric detector, and does not use
chlorinated solvents or acetonitrile for extraction or HPLC separation. This
method is highly selective for Hg ions, and almost all metal ions examined
gave no chromatographic peak. Thus, a shorter, or a narrower, column
could be used for a rapid analysis or a lower running cost. The extraction pro-
cedure is simple and requires no specific skill. Though, this method is simple
and easy, the calibration curves were linear over three orders of magnitude
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Table 4. Recovery tests for Hg ion with a river water sample.
No. of Sample Added Found Equation of calibration Correlation
run (ppm) (ppm) (ppm) Recovery curve coefficient
5ppmHg
1 0.00 5.00  5.007 100.1  y=1508.84x + 10.993 0.9999
2 0.00 500 5.048 101.0
3 0.00 5.00 4.843 96.9
4 0.00 5.00 4995 99.9
Average 4.973 99.5
SD* 0.090 1.79
RSD" 1.803 1.80
0.5 ppm Hg
1 0.000 0.500 0.513 102.5  y=1529.92x — 3.6716 0.9999
2 0.000 0.500 0.508 101.6
3 0.000  0.500 0.528 105.7
4 0.000 0.500 0.509 101.8
Average 0.514 102.9
SD* 0.009 1.88
RSD" 1.830 1.83
0.05 ppm Hg
1 0.0000 0.0500 0.0504 100.9 y=508.82x+ 10.993 0.9993
2 0.0000 0.0500 0.0490  98.0
3 0.0000 0.0500 0.0510 102.0
4 0.0000 0.0500 0.0492  98.5
Average 0.0499  99.8
SD? 0.0010 1.93
RSD" 1.93 1.93

4Standard deviation.
PRelative standard deviation.

(10 ppb—10ppm), and the reproducibilites in the range were less than 2% as
RSD. When a 5-mL sample solution was used for analysis, the detection
limit of the Hg ion was 0.8 ppb.

1. Cassidy, R.M. The separation and determination of metal species by
modern liquid chromatography. Trace Anal. 1981, 7, 122-192.

REFERENCES

Copyright © Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 ®



19: 30 23 January 2011

Downl oaded At:

ORDER | [l REPRINTS

1798 Ichinoki, Kitahata, and Fujii

10.

11.

Nickless, G. Trace metal determination by chromatography. J. Chroma-
togr. 1985, 3713, 129-159.

Timerbaev, A.R.; Petrukhin, O.M.; Zolotov, Y.A. Analytical application
of liquid chromatography of metal chelates. Fresenius Z. Anal. Chem.
1987, 327, 87—-101.

Robards, K.; Starr, P.; Patsalides, E. Metal determination and metal
speciation by liquid chromatography. Analyst 1991, /16, 1247-1273.
Sarzanini, C. High performance liquid chromatography: trace metal deter-
mination and speciation. Adv. Chromatogr. 2001, 4/, 249-310.
Ichinoki, S.; Morita, T.; Yamazaki, M. Simultaneous determination of
heavy metals in bovine liver and oyster tissue by solvent extraction
reversed-phase high performance liquid chromatography. J. Liq. Chroma-
togr. 1984, 7, 2467—-2482.

Ichinoki, S.; Yamazaki, M. Simultaneous determination of nickel, lead,
zine, and copper in citrus leaves and rice flour by liquid chromatography
with hexamethylenedithiocarbamates extraction. Anal. Chem. 1985, 57,
2219-2222.

Ichinoki, S.; Hongo, N.; Yamazaki, M. Multielement analysis by high
performance liquid chromatography following solvent extraction with
acetylacetone. Anal. Chem. 1988, 60, 2099-2104.

Ichinoki, S.; Yamazaki, M. Evaluation of benzoylacetone as a chelating
agent for multielement analysis by reversed-phase HPLC with photo-
metric detection. J. Chromatogr. Sci. 1990, 28, 258-262.

Ichinoki, S.; Okamoto, Y.; Ishikuma, H.; Fujii, Y. Selective determination
of Mercury(Il) ion by solvent extraction with N-(dithiocarboxy)sarcosine,
diammonium salt followed by ligand exchange and reversed-phase high
performance liquid chromatography with photometric detection. J. Liq.
Chrom. Rel. Technol. 2003, 26, 2797-2808.

Ichinoki, S.; Iwase, H.; Arakawa, F.; Hirano, K.; Fujii, Y. Selective deter-
mination of tin(I) ion in water by solvent extraction with salicylidene-
amino-2-thiophenol followed by reversed-phase high performance
liquid chromatography with photometric detection. J. Liq. Chrom. Rel.
Technol. 2003, 26, 3129-3139.

Received January 28, 2004
Accepted February 20, 2004
Manuscript 6318

Copyright © Marcel Dekker, Inc. All rights reserved.

MARCEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 ®



Downl oaded At: 19:30 23 January 2011

Request Permission or Order Reprints I nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials’), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request Permission/
Order Reprints' link below and follow the instructions. Visit the

U.S. Copyright Office for information on Fair Use limitations of U.S.

copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our \Website

User Agreement for more details.

Request Permission/Order Reprints

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081JLC120037371



