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Abstract

Simultaneous separation and detection of methylmercury (MeHg), ethylmercury (EtHg) and phenylmercury
(PhHg) was investigated by capillary electrophoresis with UV detection using thiosalicylic acid as derivatization
reagent. The separation parameters such as buffer pH, ion strength were investigated. A baseline separation was
obtained by using 30 mmol L™ of borate as buffer at pH 9.2. Then an on-line concentration method was used to
improve the detection sensitivity. Parameters such as concentration of NaCl in sample matrix and injection time

were optimized. The limits of detection were 76.9, 83.0 and 76.4 ug L' for PhHg, EtHg and MeHg, respectively.

Introduction

Mercury is a kind of toxic heavy metal, and present in various environmental media all over the world '.
Mercury exists in environmental media as different species which have different environmental behavior and
toxicity. Methylmercury is one of the most toxic organometallic compounds and can be bioaccumulated and
bioconcentrated through food chain. Ethylmercury and phenylmercury are used as bactericide and exist in
environment as anthropogenic pollution > or natural sources *°. Some microorganism and natural processes can
transform mercury in environment from one form to another. Therefore, a simple and cost-effective method is
necessary for determining mercury species and understanding the chemistry and risk assessment of mercury. In
the past decades, chromatographic method such as GC and HPLC have been widely applied to separate species
of mercury and various detectors were coupled with them, including UV, AAS, AFS, AES and ICP-MS  CE
was applied to the speciation of metal elements due to its advantages in speciation, such as high separation
efficiency, low sample consumption, low operating cost and free of organic solvent. CE coupled with AAS 7,
AFS ¥, electrochemical °, piezoelectric sensor '°, ICP-MS "' and UV '*'* detectors were used to the speciation of
mercury recently. The use of element-specified detector such as AAS, AFS, ICP-MS can enhance the selectivity
and sensitivity of detection. However, UV is still the most universal detector in commercial CE instrument. In
recent years, various methods of CE with UV detection have been developed for mercury separation '>'°. But
some of these methods need non-aqueous solvent as electrophoresis media or commercially unavailable
derivatization reagent, which limit their further application.

In the present study, a simple and cost-effective CE method coupled with UV detector using thiosalicylic acid as
UV derivatization reagent for organomercurials speciation was developed. The pre-column derivatization
procedure was simple and fast and three organomercurial derivatives could be well separated and detected. In
order to improve the detection sensitivity, an on-line concentration method was further investigated. The

developed method was verified by a certified reference material DORM-2 and applied to analyze
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organomercurials in fish tissue sample exposed by ethylmercury. The results were accorded very well with the
reference value and the HPLC-AFS results, which revealed that the developed method could be applied in the

speciation of organomercurials in biological samples.

Materials and Methods

Instrumentation Capillary electrophoretic separations were performed on an HP*°CE system (Hewlett Packard,
Waldbronn, Germany) with a diode array detector (190-600 nm). Detection was carried out at 210 nm. A
capillary of 75 pm id and 45 cm total length was used for the optimization of the separation. Capillaries of 75 um
id with 73.5 cm and 120 cm total length were used for on-line concentration. The capillary was thermo-stated at
20°C. The HPLC-AFS system used in the experiment was similar with the system developed in our lab before '°,
except for a post-column UV digestion system.

Chemicals and reagents Stock solution of standard inorganic mercury (I mg mL™" as Hg) was prepared by
dissolving appropriate amount of HgCl, (=99.5%, Beijing Chemical factory, Beijing, China) in 5% (v/v) HNO;.
Stock solutions of standard organomercurials (1 mg mL™ or 2 mg mL" as Hg) were prepared by dissolving
appropriate amounts of methylmercury chloride (MeHg), ethylmercury chloride (EtMg) and phenylmercury
chloride (PhHg) in methanol respectively. All the organomercurials were purchased from Merck (>98%,
Darmstadt, Germany). Thiosalicylic acid (TA, >99%, Beijing Hengye Zhongyuan Chemicals, Beijing, China)
was dissolved in pure methanol to a concentration of 1mg mL™" and was kept in refrigerator. All other chemicals
were analytical grade. Buffer and standard solutions were prepared with de-ionized water from Barnstead
ultra-pure water system.

Preparation of sample extracts An alkaline extraction method was used for the extraction of organomercurials

from fish sample '°.

Results and Discussion
Selection of derivatization reagent

Organomercurials such as MeHg, EtHg have no chromosphere group, and pre- ", in- ', or post-column

17
derivatization using chromogenic compounds is often required. Selection of proper chromogenic compounds for
the derivatization is very important for the CE separation and detection. The derivatization reagent should have
good water solubility and the derivatization product could be separated and detected easily '*. Three
derivatization reagents dithizone, ammonia pyrrolidine dithiocarbamate (APDC) and TA were investigated using
EtHg as a model compound in this experiment. Dithizone was often used for the UV derivatization and
extraction in spectroscopic determination for mercury. In our study, although dithizone could form complex with
EtHg, it is difficult for it to be used in aqueous CE due to its poor aqueous solubility. So some water-soluble
derivatives of dithizone synthesized were applied in the derivatization of mercury in ion chromatography '’ and
capillary electrophoresis '*'°. However, the synthesis procedure of derivatization reagent is labor-intensive and
time-consuming. Therefore, two other water-soluble derivatization reagents, APDC " and TA *° were further
considered. 100 pL of 1 mg mL™" APDC or TA was added to 900 uL of 40 mg L' EtHg respectively. Then the
resulting solution was injected directly as sample without other pre-treatment. Although there are reports about

the derivatization of organomercurials by APDC in chromatographic separation ', the peak of derivatization
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product of EtHg could not be detected in our experiment. This perhaps was ascribed to the adsorption of
hydrophobic derivatization product on the capillary wall. TA could complex EtHg quickly and the derivatization
product was stable in the analytical procedure, which could be detected at 210 nm by UV. The spectroscopy of
the three derivatization products is shown in Figure 1. Therefore, the commercial available and low-cost reagent,

TA was developed as a novel derivatization reagent for the speciation of mercury for the first time.
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Figure 1. UV-visible spectroscopy of PhHg, EtHg, Figure 2. Effect of NaCl concentration in sample matrix on stacking.

MeHg derivatization product and thiosalicylic acid.

Composition of buffer and buffer pH

To achieve efficient separations, two buffer systems including NH4;Ac-HAc and borate buffer were studied.
Three organomercurials could be separated in baseline in both of the two buffer systems, but a shorter
electrophoretic time was achieved in borate buffer system. Therefore, borate was adopted as the running buffer.
The effects of running buffer pH were studied in a pH range from 7.2 to 10.2 using 30 mmol L' borate buffer as
the background electrolyte. It was found that pH of the borate buffer has great influence on the separation and
detection. Broaden peaks were observed at low buffer pH which resulted in poor resolution and sensitivity. With
the increase of buffer pH, the peak area of organomercurials increased and high theoretical plates were acquired
and the resolution of three organomercurials increased with the increase of buffer pH. However, when buffer pH
is higher than 9.2, the peak area decreased sharply and the peak shape deteriorated. These maybe due to
unstability of the derivatization products in high pH buffer and decomposition was happen in the separation
procedure. At pH 9.2, highest peak area and baseline separation were observed. Therefore, borate buffer at pH
9.2 was selected in further research.

Effect of borate buffer concentration

The influence of the borate buffer concentration on separation and detection of organomercurials was also
investigated at pH 9.2. Concentrations of borate buffer ranged from 5 to 40 mmol L were tested. When the
concentration of borate buffer was lower than 10 mmol L™, three organomercurials could not reach a baseline
separation. With the increase of borate concentration, resolution and migration time of organomercurials
increased. While when the concentration of borate buffer reached 40 mmol L™, the electrophoretic current is not
stable and the peak area decreased because of excessive peak broadening induced by Joule heat effect. Therefore,
a final concentration of borate buffer at 30 mmol L was selected for further studies. In addition, SDS and
organic modifiers including methanol and acetonitrile as buffer additive were also studied to improve resolution.

However, it was found that addition of SDS and organic modifiers resulted in longer separation time and no
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improvement of separation was observed. Therefore, no SDS and organic solvent were added in the background
electrolyte.

Then, 30 mmol L™ borate buffer at pH 9.2 was selected as the separation buffer in CE. Under the optimized
conditions, the baseline separation of three organomercurials species could be finished in 4 min.

An on-column derivatization method '’ for the mercury speciation was also investigated, but the derivatization
efficiency is not satisfactory. The poor derivatization efficiency was ascribe to the inadequately mix in the
electrophoresis procedure.

The LODs of the method were about 1 mg L™ for three organomercurials species, which was far from
satisfactory for analysis of real environmental sample. Therefore, an on-line concentration method was studied
further.

On-line concentration

The parameters of NaCl concentration in sample matrix and the injection time were optimized to realize an
on-line concentration effect.

The influence of concentration of NaCl on the stacking of 400 pg L of mercury species was studied. It is
reported that the possible mechanism of stacking was ascribed to transient isotachophoresis ». In the
electrophoresis procedure, chloride in the sample served as leading ion, while borate ion in the background
electrolyte as the terminating one. The results are shown in Figure 2. It is found that without NaCl in sample
matrix no stacking was observed. When the concentration of NaCl was higher than 30 mM, splitting peaks
appeared for three mercury species. The splitting of peaks was perhaps caused by the existence of Kohlrausch
regulating functions and electrolyte “memory” *"***. High sensitivity and good separation can be obtained when
the concentration of NaCl in sample matrix was 20 mmol L. Therefore, 20 mmol L™ NaCl was selected as

additive in sample matrix.
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Figure 3. Effect of injection time on separation and sensitivity of
PhHg (5 mg L), EtHg (10 mg L") and MeHg (5 mg L™). Injection
pressure: 30 mbar. Capillary: 75 pm id with 120.0 cm total length;
20 mmol L NaCl in sample matrix. m, PhHg; e, EtHg; A, MeHg;

Figure 4. Electropherograms of (a) the extract of fish tissue exposed
by ethylmercury (b) the extract of a certified reference material
DORM-2 (dogfish muscle); (c) the extract of DORM-2 spiked with

organomercury of 600 ug L each (as Hg).

0, resolution of PhHg and EtHg; A\, resolution of EtHg and MeHg.

Injection time was also investigated from 20 s to 240 s at the injection pressure of 30 mbar. The results are as
seen in Figure 3. The peak area increased with the increasing injection time, but when the injection time was

longer than 180 s, three organomercurials could not be separated effectively. Considering of the resolution and
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sensitivity, the injection time of 180 s is appropriate.

Effect of Na,S,0; in sample matrix

An alkaline extraction method was often used for the biological sample preparation, and the final sample for CE
injection was dissolved in a 10 mmol L' Na,S,0; solution. Therefore, the influence of Na,$,05 in sample matrix
on the stacking and separation was investigated. The results showed that 10 mmol L™ Na,S,0; had no influence
on the on-line stacking and separation of the three organomercurials.

Analytical performance

Typical electrohopherograms of PhHg, EtHg and MeHg in fish tissue and spiked sample extracts at optimized
conditions is shown in Figure 4. As can be seen, three organomercurials species could be separated in 25 min.
The linearity of mercury compounds was in the range from 400-2000 pg L' for PhHg, 200-2000 pg L™ for EtHg
and MeHg. The detection limits (S/N=3) were 76.4 ug L™ for MeHg, 83.0 ug L™ for EtHg and 76.9 ug L™ for
PhHg, respectively. As shown in Table 1, the detection limits obtained in this work are comparable with other
CE-hyphenated methods " '* 1!,

Table 1 Comparison of detection limits for organomercury species using different CE-hyphenated methods

CE-hyphenated LODs of organomercury species (ug L™)
Reference
methods PhHg EtHg MeHg
CE-UV 76.9 83.0 76.4 This work
CE-FHF?-AAS 50 - 48 7
CE-AFS 13.3 15.9 16.5 8
CE-PES" 19 - 46 10
CE-MCN”-MS 100 80 11

a) FTF, flame-heated furnace; b) PES, Piezoelectric sensor; ¢) MCN, microconcentric nebulization

Validation of the method and application

In order to validate the developed method, MeHg content in certified reference material DORM-2 (dogfish
muscle) was determined. The determined result was in good agreement with the certified value. Also, this
method was applied to determine concentration of EtHg in fish tissues (Chinese rare minnow) exposed to EtHg.
The results agreed well with that obtained by HPLC-AFS.

In the present work, a novel capillary electrophoresis method was developed based on direct UV detection and
on-line concentration for the speciation of three organomercurials by using thiosalicylic acid as pre-column
derivatization reagent. NaCl in the sample matrix could facilitate on-line concentration in the electrophoretic
separation procedure and improve detective sensitivity significantly. The proposed method was applied to
determine MeHg and EtHg in certified reference material and exposed fish sample, which suggested that the

method is simple and cost-effective for the speciation of organomercurials in biological samples.
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