CHAPTER IV
RESULTS AND DISCUSSION
4.1 The Study of Tetrabutylammonium Bromide-2-Mercaptoethanol System

The preliminary study of various effects on the resolution of mercury
compounds is performed in the mobile phase compose of methanol-water 30:70% v/v.
With this composition all peaks of mercury compounds are detected and the resolution
between inorganic and methyimercury is high enough for the observing slightly change
from the study. The various effects in the preliminary study include mobile phase pH,
tetrabutylammonium bromide (TBABr) concentration, and 2-mercaptoethanol
concentration. These parameters are studied in order to observe the change of peak
retention time, selectivity factor, capacity factor, peak resolution, and peak shape of

mercury compounds.

The mobile phase pH is the first parameter for the study. The mobile phase pH
in the range 2.0-8.0 is studied to find the suitable pH range for the next study. The
mixture of methanol-water (30:70% v/v) containing 0.0050% v/v of 2-
mercaptoethanol and 0.0050M of tetrabutylammonium bromide (TBABY) is initially
served as mobile phase for the study. Each mobile phase is adjusted with hydrochloric
acid and sodium hydroxide solution to the desirous pH. The results of the effect of
mobile phase pH and the chromatograms are presented in Table A-2 and Figure A-1 in
appendix section, From the study, the good resolutions between inorganic and
methylmercury are found in pH range 2.0-4.0, but the pH above 4.0 the resolutions are
decreased. The pH 2.0 gives the highest peak resolution, however tailing peak of
methylmercury is found. The optimum pH range is found from the pH that gives high
resolution and symmetrical peak shapes. It is found that the optimum pH range from
the study is 3.0-4.0. The pH value of mobile phase adjusted with hydrochloric acid and

sodium hydroxide solution is unstable, so the acetate buffer is used to stabilisc and



exactly control the pH value. The mobile phase pH in the range 3.00-5.00 is studied in
order to find the optimum mobile phase pH. The results of the effect of mobile phase
pH and the chromatograms are presented in Table A-4 and Figure A-2. From the
study, no significant differences in peak resolution and peak shape are obtained in pH
3.00-5.00. However, the mobile phase with pH 3.00 gives the highest peak resolution
between inorganic mercury and methylmercury. Therefore, pH 3.00 is chosen for the
next study.

The second parameter in the study is the 2-mercaptoethanol concentration. The
2-mercaptoethanol concentration is studied under the mobile phase composed of
methanol-water 30:70% v/v buffered with 1.00 x 10°M acetate-acetic acid pH 3.00
containing 0.0050 M TBABr. The 2-mercaptoethanol concentrations are varied from
0.0010% v/v to 0.0075% v/v. The results and the chromatograms from this study are
presented in Table A-6 and Figure A-3. From the study, in low concentration of 2-
mercaptoethanol (below 0.0040% v/v), the incomplete resolution between inorganic
and methylmercury is observed and tailing peaks are found. The increased resolution
and symmetric peak are obtained at concentration 0.0040% v/v. Inorganic and
methylmercury are successfully separated in 0.0050% v/v of 2-mercaptoethanol.
However, higher concentrations (above 0.0060% v/v) give higher noise of baseline
signal. Therefore, the optimum 0.0050% v/v of 2-mercaptoethanol concentration is
chosen for the next study.

The effects of tetrabutylammonium bromide concentration are the next study.
The mixtures of methanol-water (30:70% v/v) buffered with 1.00 x 10 M acetate-
acetic acid buffer pH 3.00 containing 0.0050% v/v 2-mercaptoethanol and TBABr
concentration varied from 0 M to 0.0150M are served as the mobile phase in this
study. The results and the chromatograms are presented in Table A-8 and Figure A-4.
From the study in the absence of TBABr, the resolution between inorganic and
methylmercury is higher than the addition of TBABr in mobile phase. On the other
hand, asymmetric peaks and unstable baseline signal are found in this mobile phase
system. In the low TBABr concentration (below 0.0050M), tailing peaks of inorganic

mercury and methylmercury are found. The incomplete resolution is also found in this
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concentration. When the concentration is increased, the higher resolution and more
symmetric peak are found. But at high concentration (above 0.0100M) lower
resolution and higher noise signal are observed. Therefore, the optimum 0.0075M
tetrabutylammonium bromide concentration is chosen for the next study.

The studies above show that peaks of inorganic and methylmercury are effected
from the change in pH, 2-mercaptoethanol concentration, and TBABr concentration.
On the other hand, the effects of peak of phenyimercury are not significantly observed.
Because the slightly change in percent methanol in mobile phase, the retention time and
peak shape of phenylmercury are greatly changed. The mobile phase compose of
methanol-water (30:70% v/v) is suitable for the separation inorganic and
methylmercury, but unsuitable for phenylmercury. While percent methanol is increased,
inorganic and methylmercury are not successfully separated. This mobile phase system,
tetrabutylammonium bromide-2-mercaptoethanol system, is unsuitable for the
determination of pheny!mercury. Consequently, this mobile phase system is studied in
order to optimise for the separation only inorganic and methylmercury.

4.1.1

Various effects on the resolution of inorganic and methylmercury, i.e. methanol
composition in mobile phase, mobile phase flow rate the mobile phase pH, 2-
mercaptoethano! concentration, and tetrabutylammonium bromide concentration are
studied. The optimum chromatographic conditions and the observation the effects on
the peak shapes of inorganic and methylmercury are the objectives of the study.
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4.1.1.1The Effect of Methanol Composition in Mobile Phase

The effects of the methanol composition in mobile phase are studied in
order to find the optimum mobile phase conditions for the separation inorganic and
methylmercury. The retention mechanism of inorganic and methylmercury is also
studied. The mixtures of methanol-water buffered with 1.00 x 10°M acetate-acetic
acid buffer pH 3.00 containing 0.0075M TBABr and 0.0050% v/v 2-mercaptoethanol
are served as the mobile phase composition. In this study the proportion of methanol-
water are varied from 10:90% v/v to 70:30% v/v. The chromatographic conditions are
shown in Table 3.1.1 according to experimental section 3.4.1.1. The results of this
study are presented in Table 4.1.1 and Figures 4.1.1-4.1.3. Form Table 4.1.1 and
Figures 4.1.1-4.1.3, the retention time and peak resolution of mercury compounds are
changed with methanol percentage. The trend of retention time and peak resolution are
decreased, when the proportion of methanol is increased. At the low proportion (10-
20% v/v) of methanol the high retention time of mercury compounds is found.
Phenylmercury is not detected in this system because of the retention time more than
30 minutes and peak broadness. When the proportion of methsnol is increased, the
retention time and peak resolution of mercury compounds are decreased. The sharper
peak shape of phenylmercury is detected, but inorganic and methylmercury are not
separated in the high proportion of methanol (above 70% v/v). Inorganic and
methylmercuy are separated, when the proportion of methanol is decreased. However,
the elution order of inorganic and methylmercuryl is changed. Methylmercury is eluted
before inorganic mercury in low proportion of methanol (below 20% v/v). The good
resolutions of inorganic and methylmercury are obtained in 10%-15% methanol. The
highest resolution of mercury compounds is found in 10% of methanol in mobile

"phase, but the high retention times are also observed. The peak of inorganic and
methylmercury is completely overlap in 20% v/v of methanol. It is found that the
optimum retention time, peak resolution, and peak shape are obtained in the mobile
phase composed of methanol-water 12:88% v/v. Therefore, 12% methanol in mobile
phase is chosen for the next study.



Table 4.1.1: The results of the effect of the methanol composition in mobile
phase on the chromatographic parameters for the separation of
inorganic and methylmercury in tetrabutylammonium bromide-
2-mercaptoethanol system. (Triplicate analyses)

%MeOH | compound ™ ¥ a* Re** -
(min)

10 solvent 2.98410,004 - -
MeHg" 10.563+0.051 2.540 1.229 4.186
Hg** 12.29640,137 3.121

12 solvent 2.932:0.114 - -
MeHg" 9,790+0.091 2.339 1173 2.614
Hg*" 10.97440.191 2.743

15 solvent 2.92440.079 - -
MeHg" 9.2610.015 1.980 1.904 1.054
Hg™ 8.71440.020 2.167

20 solvent 2.83820.005 - -
Hg’*+ 7.30940.007 1.575 - 1.000 0.000
McHg

30 solvent 2.90410.005 -
Hg*" 5.14340.060 0.771 1.191 1.163
MeHg" 5.57120.048 0.918

40 solvent 2.87610.004 -
Hg* 4.28040.016 0.488 1.189 1.180
MeHg" 4.719:0.025 0.641

50 solvent 2.86340.006 -
Hg™* 2.82040.059 0.334 1.224 0.873

. MeHg" 4.03340.021 0.409

60 solvent 2.8770.042 -
Hg*" 3.380+0.017 0.175 1.416 0.905
MeHg" 3.64710.007 0.268

70 solvent 2.85810.003 - -
Hg’*+ 3.40110.011 0.190 1.00 0
McHg

* selectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury
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Figure 4.1.1: The chromatograms of inorganic and methylmercury at variety of
methanol composition in mobile phase in tetrabutylammonium
bromide-2-mercaptoethanol system. (chromatographic
conditions are shown in Table 3.1.1)
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The effects of the methanol composition in mobile phase of
tetrabutylammomium bromide-2-mercaptoethanol system are compared with the 2-
mercaptoethanol system. The mixture of methanol-water buffered with 1.00 x 10°M
acetate-acetic acid buffer pH 3.00 containing 0.0050% v/v 2-mercapt6ethanol are
served as the mobile phase of 2-mercaptoethanol system. The proportion of methanol-
_water are varied from 10:90% v/v to 70:30% v/v as in the tetrabutylammonium
bromide-2-mercaptoethanol system. The results of 2-mercaptoethanol system are
shown in Table 4.1.2. The comparisons are show in Figures 4.1.4-4.1.6.

Table 4.1.2: The effect of methanol composition in mobile phase on the
chromatographic parameters for the separation to inorganic and
methylmercury compounds in 2-mercaptoethanol system.

(Triplicate analyses)
%MeOH | compound tp K ot Re**
(min)
10 solvent 3.05640.026 -
MeHg" 10.97610.026 | 2.592 0.922 1.001
Hg** 11.64410.072 | 2.810
15 solvent 3.0030.050 -
1-1g’*+ 8.66210.035 1.884 1.000 0
MecHg
20 solvent 2.94910.009 -
Hg* 6.64410.110 1253 - 1.132 1.319
MeHg" 7.13210.077 1.418
30 solvent 2.904£0.008 -
Hg** 4.93420.056 0.699 1.288 1.398
MeHg" 5.51720.039 0.900
40 solvent 2.87540.003 -
Hg*' 3.93210.011 0.368 1.600 1.535
MeHg" 4.5690.008 0.589
50 solvent 2.85810.006 -
Hg* 3.50010.008 0.225 1.760 1.392
MeHg" 3.9900.005 0.396
60 solvent 2.83510.005 -
Hg** 3.6680.005 0.294 1.299 0.806
MeHg" 3.91840.051 0.382
70 solvent 2.82240.002 -
ﬂg’*+ 3.43710.031 0.219 1.000 0
MeHg .

* selectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury
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Figure 4.1.6: The relationship between selectivity factor of inorganic and
methylmercury with percent methanol in (a) tetrabutyl
ammonium bromide-2-mercaptoethanol system and

(b) 2-mercaptoethanol system

In the mobile phase containing complexing agent and ion-pairing agent,
both complexation retention mechanism and ion-pair retention mechanism are found.
In mobile phase containing ion-pairing agent, TBABr, the Br” forms negatively charge
complexes with the mercury compounds, HgBr> and MeHgBr;, and then these
complexes are separated by ion-pair formation with tetrabutylammonium ion. In the
case of 2-mercaptoethanol, mercury-mercaptoethanol complexes are formed, and then
are separated in the C)s stationary phase. In tetrabutylammonium bromide-2-
mercaptoethanol system, the competition between the formation of bromide-complexes
and mercaptoethanol-complexes are occurred. Considering the stability constant for
both formations. The stability constants for bromide-co.mplex are 10°-10°, whereas for
mercaptoethanol-complexes are 10'6. It is show that the mercaptoethanol-complexes
are stronger than the bromide-complexes. Thus, in this mobile phase system the
mercaptoethanol-complexes are dominatingly formed. The retention mechanisms of

mercury compounds are combination of both mechanisms. The relative contributions
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of these mechanisms depend on the mobile phase composition. The eluting strength
and concentration of the methanol are the most important parameters in controlling
elution and selectivity of mercury compounds. Considering tetrabutylammonium ion in
mobile phase, the tetrabutylammonium ion can be partitioned into the Cis surface, it is
the dynamic-coating in non-polar stationary phase. Two properties are shown in the
modified stationary phase, the dynamic-anion exchange property from ammonium ion
and the non-polar property from butyl-chain. When the low proportion of methanol,
the hydroxy! groups of mercury-mercaptoethanol complexes can be ionised. In this
case, the complexes is induced to the more polar molecules. Therefore, the retention is
effected from the ionised group of mercaptoethanol ligand. Inorganic mercury forms
complex with two ligands molecules, but methylmercury forms complex with one
ligand. The comparison of inorganic with methylmercury shows that the inorganic
complex has more ionisable groups (2 hydroxyl group) than methylmercury (1
hydroxyl group). Thus, inorganic mercury is stronger retained than methylmercury. An
increase in methanol concentration, the ionic property of tetrabutylammonium ion is
stabilised by methanol molecules. In this case, the complexes have the dominated-
neutral property. Therefore, the retention is effected from the non-polar size of the
complexes molecule. The methylmercury-complex has the methylene group, so it is the
non-polar complex than inorganic mercury. Thus, methylmercury is stronger retained
in the non-polar stationary phase and has longer retention time. When compare the
tetrabutylammonium bromide-2-mercaptoethanol system with the 2-mercaptoethanol
system, the retention time of mercury compounds in the former system are longer than
the later system. This results from the butyl-chain of tetrabutylammonium bromide
increases the non-polar property of Cys surface to Cx surface, thus the partitions of

mercury complexes molecule are stronger than the conventional Cs.
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4.1.1.2 The Effect of Mobile Phase Flow Rate

The previous study, inorganic and methylmercury are eluted in the long
retention time. The mobile phase flow rates are studied to find the optimum flow rate
that gives the reasonable separation time. The mixture of methanol-water (12:88% v/v)
buffered with 1.00 x 10°M acetate-acetic acid buffer solution pH 3.00 containing
0.0050% v/v 2-mercaptoethanol and 0.0075M TBABTr is served as the mobile phase
according to experimental section 3.4.2 and Table 3.1.2. The effects of mobile phase
flow rate on the retention time, peak resolution, and peak shape of mercury
compounds are presented in Table 4.1.3 and Figure 4.1.7. From the results show that
the flow rates from 1.00 to 1.80 mL/min are essentially no effected on the capacity
factor and selectivity factor. However, the retention time and peak resolution are
affected. From the previous studies, the complete resolution of mercury compounds is
obtained in the low proportion of methanol, but the long retention times of inorganic
and methylmercury and the peak broadness are observed. The decreased retention time
and sharper peak shape are obtained, when the flow rate is increased. All of the study
flow rates give the good resolution, but the pressure of HPLC system is rapidly
increased with the high flow rate. It is found that the optimum retention time, peak
resolution, peak shape, and pressure of HPLC system is‘ obtained in flow rate 1.50
mL/min, Therefore, the flow rate of 1.50 mL/min is chosen for the next study.
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Figure 4.1.7: The chromatograms of inorganic and methylmercury variety of

mobile phase flow rate in tetrabutylammonium bromide-
2-mercaptoethanol system. (chromatographic conditions are
shown in Table 3.1.6)
A) 1.00 mL/min

C) 1.50 mL/min

B) 1.20 mL/min
D) 1.80 mL/min




Table 4.1.3: The results of the effect of mobile phase flow rate on the

chromatographic parameters for the separation of inorganic

and methylmercury in tetrabutylammonium bromide-

2-mercaptoethanol system. (replicate analyses, n=5)

flow rate { compound ta w k' a* Re**

(ml/min) (min) (min)
solvent | 2.92840.032 - -

1.00 MeHg' | 9.09210010 | 0367#0.068 | 3.105 | 1128 | 2834
Hg™ | 10.260+50.048 | 0.457:0.083 | 3.504
solvent | 2.47120.001 - -

1.20 MeHg" | 7.59110.007 | 0.34720.062 | 3.072 | 1123 | 2.269
Hg" | 8.52840.009 | 0.480:0.136 | 3.451
solvent | 1.94640.100 - -

1.50 MeHg" | 6.09820.038 | 0.31420.086 | 3.134 | 1131 | 2.286
Hg* 6.89810.097 | 0.38640.070 | 3.543
sotvent | 1.6750.104 - -

1.80 MeHg' | 5.119:0.026 | 035740.076 | 3.056 | 1.125 | 2.064
Hg™ 5.75910.050 | 0.26420.068 | 3.438

* selectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury

4.1.1.3 The Effect of Mobile Phase pH

From the previous study, the mixture of methanol-water (12:88% v/v)
buffered with 1.00 x 10°M acetate-acetic acid buffer pH 3.00 at the optimum flow rate
1.50 mL/mim. The effects of mobile phase pH on the resolution and peak shapes of
inorganic and methylmercury are studied according to experimental section 3.4.1.3 and
Table 3.1.3. The acetate-acetic acid buffer solution is chosen in order to control the pH
of the mobile phase. Because the mobile phase pH adjusted with hydrochloric acid and
sodium hydroxide solution is unstable. The pH 3.00-5.00 are studied to find the
optimum pH that the mixed complexing agent and ion-pairing agent can be form
complex or ion pair appositely with inorganic and methylmercury. The effects of
mobile phase pH on the resolution of mercury compounds are presented in Table 4.1.4
and Figure 4.1.8. At pH 5.00 the highest peak resolution is obtained; however, the
tailing peak of methylmercury is observed. In pH 3.00-4.00, no significant difference in
peak resolution is observed. The pH 3.00 gives the symmetrical peak shape both
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inorganic and methylmercury. While pH 3.50 the tailing peak of inorganic mercury and
pH 4.00 the slightly tailing peak of methylmercury are found. 1t is found that the
optimum peak resolution and pesk shape are obtained in pH 3.00 of 1.00 x 10°M
acetate-acetic acid buffer.

Table 4.1.4: The results of the effect of mobile phase pH on the
chromatographic parameters for the separation of inorganic and

methyimercury in tetrabutyhmmomum bromide-
2-mercaptoethanol system. (Triplicate analyses)

pH compounds ta W . 'y a* Ry**
(min) (min)

3.00 solvent | 2.04310.025 - -
MeHg' | 6.72740.021 | 0.445:0.101 | 2293 | 1198 | 2116
Hg™ 7.65640.043 | 0.433+0.118 | 2.747

3.50 solvent | 2.031£0.010 - -
MeHg' | 677410061 | 0.439:0.048 | 2335 | 1213 | 2.234
Hg™ 7.78410.123 | 0.40610.094 | 2.832

4.00 solvent | 2.02740.007 - -
MeHg' | 673740074 | 0.44120.067 | 2323 | 1203 | 2.153
Hg* 7.69110.164 | 0.44630.086 | 2.794

5.00 solvent | 2.02220.021 - -
MeHg' | 6.69310.043 | 0.38310.044 | 2310 | 1260 | 2916
Hg™ 7.90940.163 | 0.45120.029 | 2.911

* selectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury
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Figure 4.1.8:The chromatograms of mercury compounds at variety of mobile

phase pH with acetate-acetic acid buffered in tetrabutylammonium

bromide-2-mercaptoethanol system. (chromatographic conditions

are shown in Table 3.1.3)

A) pH 3.00

B) pH 3.50

C) pH 4.00

D) pH 5.00
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4.1.1.4 The Effect of Acetate-Acetic Acid Buffer Concentration

The acetate-acetic acid buffer solution is used to control the mobile
phase pH. The mixture of methanol-water (12:88% v/v) compose of 0.0050% v/v 2-
mercaptoethanol and 0.007SM TBABr buffered with acetate-acetic acid buffer pH
3.00 is used as the mobile phase for the study. The buffer concentrations in this study
are 1.00 x 103, 2.00 x 10°, and 5.00 x 10° M according to experimental section
3.4.1.4 and Table 3.1.4. From the study found that the increased buffer concentrations
are not affect to the peak resolution and peak shape, but the increased in baseline
signal and long column equilibration time are observed. Therefore, the lowest buffer
concentration from the study, 1.00 x 10° M, is chosen for the next study.

4.1.1.5 The Effect of 2-Mercaptoethanol Concentration

2-Mercaptoethanol is used as the complexing agent to form the strongly
complexes with the mercury compounds in order to separate in Cys column. From the
previous studies the optimum mobile phase pH is found as 3.00 with 1.00 x 10°M
acetate-acetic acid buffer solution. The effects of 2-mercaptoethanol concentration in
the mobile phase are studied in this section. The concentrations are varied in range
0.0040-0.0060% v/v according to experimental section 3.4.1.5. The mixture of
methanol-water (12:88% v/v) buffered with 1.00 x 10°M acetate-acetic acid buffer pH
3.00 conteaining 0.0075M TBABr is fixed to use as the mobile phase system in this
study. The chromatographic conditions of the study are shown in Table 3.1.5. The
effects of 2-mercaptoethanol concentration on the resolution of mercury compounds
are presented in Table 4.1.5 and Figure 4.1.9. The peak shapes of mercury compounds
are effected from the 2-mercaptoethanol concentration. In concentration 0.0040% v/v
the tailing peaks of inorganic and methylmerwry are found. When the concentrations
are increased, the symmetrical peaks are found. However, in higher concentration the
noisy baseline and long column equilibration time are observed. It is indicate that the
optimum peak resolution, peak shape, and the baseline signal are obtained in 0.0050%

v/v of 2-mercaptoethanol. This concentration is chosen for the next study.
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Figure 4.1.9: The chromatograms of inorganic and methylmercury at variety of
2-mercaptoethanol concentration in tetrabutylammonium
bromide-2-mercaptoethanol system. (chromatographic
conditions are shown in Table 3.1.5)

A) 0.0040% B) 0.0050% C) 0.0060%
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Table 4.1.5: The results of the effect of 2-mercaptoethanol concentration on
the chromatographic parameters for the separation of inorganic
and methylmercury in tetrabutylammonium bromide-

2-mercaptoethanol system. (Triplicate analyses)

mercaptocthanol | compounds ta w K ot Rs*®
|_concentration (min) (min)
0.0040% solvent | 2.02740.005 - -
MeHg' | 6.69020.010 | 0.55740.118 | 2300 | 1.195 | 1.695
Hg” | 7.59740.026 | 0.51330.039 | 2.748
0.0050% solvent | 2.02940.006 - -
MeHg® | 6.552+0.006 | 0.4130.043-| 2229 | 1165 | 1.69%0
Hg* | 7.29940.005 | 0.41040.025 | 2.597
0.0060% solvent | 2.02410.004 - -
MeHg' | 6.52120.026 | 0.45020.070 | 2222 | 1157 | 1.638
7.22710.047 | 0.41240.025 | 2.571

HE"
* gelectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury

4.1.1.6 The Effect of Tetrabutylammonium Bromide Concentration

Tetrabutylammonium bromide (TBABr) is used as the ion-pairing agent
in order to separate the ionic mercury compounds in Cys column. The effects of
TBABr concentration in the mobile phase are studied. The mixtures of methanol-water
(12:88% v/v) buffered with 1.00 x 10° M acetate-acetic acid buffer pH 3.00 containing
~ 0.0050% v/v 2-mercaptoethanol and TBABr concentration varied from 0.0060M to
0.0100M are served as the mobile phase according to experimental section 3.4.1.6 and
chromatographic conditions in Table 3.1.6. The effects of tetrabutylammonium
bromide concentration on the resolution of mercury compounds are presented in Table
4.1.6 and Figure 4.1.10. From the study indicate that the retention time, capacity
factor, selectivity factor of methylmercury, and peak resolution are effected from the
tetrabutylammonium bromide concentration. In contrast, inorganic peak is not
significantly effected. In lowest TBABr concentration, 0.0060M, the slightly peak
tailing of methylmercury is found. At TBABr concéntration 0.0100M the highest
resolution is found, but tailing peak of methylmercury is found. The good peak
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resolution and peak shapes are obtained in the tetrabutylammonium bromide
concentration 0.0075M and 0.0085M. However, the lower concentration, 0.0075M, is
chosen for the next study.

Table 4.1.6: The results of the effect of tetrabutylammonium bromide
concentration on the chromatographic parameters for the
separation of inorganic and methylmercury in
tetrabutylammonium bromide~2-mercaptoethanol system.

(Triplicate analyses)
TBABr | compounds ta w K a* Re**
concentration (min) (min)
0.0060M solvent | 2.030:0.004 - -
MeHg® | 6.63420.010 | 0.45720.078 | 2.268 | 1156 | 1.550
Hg* 7.35020.022 | 0.467:0.097 | 2.621
0.0075M solvent [ 2.032+0.005 - -
MeHg' | 6.58210.053 | 0.4560.010 | 2.239 | 1.181 | 1813
Hg® | 7.407:0.042 | 0.45410.123 | 2.645
0.0085M solvent | 2.02940.003 - .
MeHg* | 6.55310.072 | 0.410£0.095 | 2.230 | 1177 | 1.761
Hg" | 7.35630.163 | 0.503:0.145 | 2.625
0.0100M solvent | 2.02410.005 - -
McHg' | 6.54420.064 | 0.387+0.101 | 2233 | 1.190 | 2.087
7.40410.142 | 0.43610.086 | 2.658

* selectivity factor between inorganic and methylmercury
** peak resolution between inorgahic and methylmercury
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Figure 4.1.10: The chromatograms of inorganic and methylmercury at variety
of tetrabutylammonium bromide concentration in
tetrabutylammonium bromide-2-mercaptoethanol system.
(chromatographic conditions are shown in Table 3.1.6)
A)0.0060M  B)0.0075M . C)0.0100M

81



82

The injection volume is affected to peak height and peak area of mercury
compounds. The effects of an injection volume at the optimum mobile phase
composition are studied. The injection volume 10-100 pL are studied according to
experimental section 3.4.2 and Table 3.1.7. The effects of an injection volume on the
peak area and peak height response signals of mercury compounds are presented in
Table 4.1.7 and Figures 4.1.11-4.1.13. It is found that the volume 50 pL give both the
highest peak height signal and peak area signal per nanogram of mercury. The highest
sensitivity of the mercury compounds i3 obtained in highest response signal. Therefore,
the injection volume 50 yiL is chosen as the optimum injection volume for the next

study.

Table 4.1.7: The results of the effect of injection volume on the response
signal of inorganic and methylmercury in tetrabutylammonium
bromide-2-mercaptoethanol system. (replicate analyses, n=5)

injection | compounds Area response Height response

volume (wV.5ec) signal ®v) signal
(9] (uV.sec/ng) (1V/ng) |

10 Hg" 369841125 73.96 399296 198

MeHg' | 79672170 79.67 8711116 8.71

20 Hg"* 79502678 79.50 879256 8.79

MeHg" | 1413424042 70.67 15124256 7.56

25 Hg" - | 1314323034 105.14 11472144 9.18

MeHg" | 2078743191 83.15 22694212 9,08

50 Hg™ 3818517688 152.74 29754281 11.90

MeHg" | 5004646199 100.09 4754+162 9.51

100 Hg™ = | 73571211407 147.14 53244579 10.65

* | 8920419468 89.20 86694510 8.67
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Figure 4.1.11: The chromatograms of inorganic and methylmercury at variety of
injection volume in tetrabutylammonium bromide-
2-mercaptoethanol system. (chromatographic conditions are
shown in Table 3.1.7)
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Figure 4.1.13: The relationship between the response signals (peak height) of

inorganic and methylmercury and the injection volume in

tetrabutylammonium bromide-2-mercaptoethanol system.



Form the studied of various effects on the resolution and sensitivity of the

system the optimum conditions for the next study are shown in the Table 4.1.8.

Table 4.1.8: The optimum conditions of the tetrabutylammonium bromide-

2-mercaptoethanol system

condittons

~ parameters

Column

Hypersil column, 250 x 4.6 mm.1.D., Spm

Mobile phase composition |12:88% v/v of methanol-water buffered with

1.00 x 10 M acetate-acetic acid pH 3.00 containing
0.0075M TBABr and 0.0050%v/v 2-mercaptoethanol

Mobile phase flow rate 1.50 mL/min.

Injection volume 50 L
Detector Photodiode Array Detector
Data Acquisition Maximum plot (200-400 nm)
0.008
0.006
_1 g
B i =
‘ —
° L] oo‘-—
] 2
] {
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] ]
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Figure 4.1.14: The chromatogram of inorganic and methylmercury under the

optimum chromatographic conditions in tetrabutylammonium
bromide-2-mercaptoethano system. (chromatographic

conditions are shown in the Table 4.1.8)
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The linearity of standard mercury compbunds, inorganic and methylmercury,
are studied in the optimum chromatogra.phic conditions as in Table 4.1.9 according to
experimental section 3.4.3. The results of the study are shown in table 4.1.9. The
relationships between peak area and peak height of each mercury compounds are
plotted as the function of the concentration and are shown in Figures 4.1.15-4.1.18.

Table 4.1.9: The resuits of the study of linearity of inorganic and
methylmercury in tetrabutylammonium bromide-
2-mercaptoethanol system. (replicate analyses, n=5)

Concentration | Compound Peak Arca %RSD. Peak Height %RSD.
(ppm) (1V.sec) [(\)

5.00 Hg* 23985 8.18 1750 8.79

MeHg" 28370 5.15 1890 3.83

10.00 Hg* 51920 5.33 3400 1.00
MeHg' 52201 13.60 3614 5.52

20.00 Hg" 128212 10.22 8005 3.38
MeHg" 120484 11.48 7571 5.02

50.00 Hg* 34596 2.10 17925 5.00
MeHg" 267659 3.19 20467 2.86

100,00 Hg* 763243 2.75 50372 5.22
MeHg* 605641 5.82 42093 1.05

200.00 Hg"* 1576325 2.56 105406 2.35
MeHg' 1164508 3.51 78214 1.07

300.00 Hg"* 2133872 0.36 122739 1.29
MeHg" 1751180 0.11 99598 0.32

400,00 Hg" 2840822 0.25 139042 2.57
MeHg" 2328816 0.66 118125 1.29

500.00 Hg™* 3580434 0.98 192583 6.31
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Figure 4.1.15: The relationship between the peak area of inorganic mercury

and the concentration in tetrabutylammonium bromide-

2-mercaptoethanol system.
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Figure 4.1.16: The relationship between the peak height of inorganic mercury

and the concentration in tetrabutylammonium bromide-

2-mercaptoethanol system.



2500000 T
2000070 +
1500000 +

1000000 +

area (uV.scc)

500000 -|- y=38369x-1771.1

R'=0.9998

1 L 4 — 4 b L i
t T t T T T < 1

0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00  400.00

concentration (ppm)

Figure 4.1.17: The relationship between the peak area of methylmercury and
the concentration in tetrabutylammonium bromide-

2-mercaptoethanol system.

80000 —

70000
]
60000 -

40000 +

height (V)

30000 +

20000 -

y=395.49x + 264.51
R*= 0.9983

10000 -

0 I 4 1
~t — T T T nl

000 2000 4000 6000 80,00 10000 12000 140.00 160.00 180.00 200.00
concentration (ppm)

.
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From the Figures 4.1.15 and 4.1.17, the relationships between peak area and
the concentration are plotted. The large linearity and good linear correlation of
inorganic and methylmercury are obtained. The linearity over 500.00 ppm. and 400.00
ppm. are obtained for inorganic and methylmercury, respectively. However, the
relationship between peak height and the concentration are shown in Figures 4.1.16
and 4.1.18. The same linearity over 200.00 ppm is obtained for both mercury
compounds. However, the linearity of mercury compounds are not observed in higher
concentration. From the study, peak area and peak height are obtained from the
chromatogram but the smaller linearity and poorer linear coefficient are found from the
peak height. Therefore, the only peak area is chosen for the next study. The

concentrations in this linear range are chosen for the study of calibration curve.

The large linear range of mercury compounds from the previous study are
obtained. Six concentrations in the range 1.00-20.00 ppm are chosen for the study of
calibration curve of mercury compounds at the optimum chromatographic condition in
Table 4.1.9. according to the expeﬁmental section 3.4.4. The relationships between the
peak area and the concentration of mercury compounds from Table 4.1.11 are plotted
and shown in Figures 4.1.19-4.1.20. The percent relative standard deviation of
mercury compounds in each concentration are also shown. The relative standard
deviation of inorganic and methylmercuy are less than 3.50%, except in 1.00 and 3.00
ppm of methylmercury. However, the precision of the system is studied in the next
section. From the calibration curves indicate that good linear correlation, R? = 0.9995
and 0.9976 are obtained for inorganic and methylmercury, respectively. The expression
for inorganic mercury is y = 9363.6x - 4750.3 and methylmercury is y = 6333.7x +
3623.7. The higher sensitivity of inorganic mercury is found from comparison the slope

of mercury compounds.



Table 4.1.10: The results of the study of calibration curve of inorganic and
methylmercury in tetrabutylammonium bromide-

2-mercaptoethanol system. (replicate analyses, n=5)

Concentration Compound Peak Area %RSD.
(ppm) (1V.sec)
1.00 Hg" 6895 2.63
MeHg* 5575 12.64
3.00. Hg" 21288 1.82
MeHg" 12758 7.52
6.00 Hg" 51615 2.32
MeHg" 32935 2.55
10.00 Hg** 87615 0.78
MeHg* 61655 3.27
15.00 Hg* 136040 0.86
MeHg' 89559 2.13
20.00 Hg™ 183044 0.58
MeHg" 124129 2.61

y=9363.6x-4750.3
R}=0.9995

) 3 1
=T =

i
+—
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Figure 4.1.19 : The calibration curve of inorganic mercury in

tetrabutylammonium bromide-2-mercaptoethano! system.
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Figure 4.1.20 : The calibration curve of methylmercury in tetrabutylammonium
bromide-2-mercaptoethanol system.

4.1.5 The Study of Detection Limit of the System

The detection limit of mercury compounds in tetrabutylammonium bromide-2-
mercaptoethanol system are studied according to the experimental section 3.4.5. The
optimum chromatographic conditions for the study are shown in Table 4.1.9. From the
study the same detection limits as 0.3 ppm (as Hg) for SO L injection volume (15 ng
as Hg) is found for both mercury conipounds. The detection limit of mercury
cdmpounds in this system will compare with the detection limit of hexanesulfonate-2-

mercaptoethanol system and are presented in Table 4.2.12

4.1.6 The Study of Precision of the System

The precision of mercury compounds for tetrabutylammonium bromide-2-
mercaptoethanol system are studied according to the experimental section 3.4.6 and
the AOAC® Peer-Verified Methods Program (87). The repeatability of the system is
determined by fifth injection of a series standards mercury compounds. The standards

are contained 4,00, 8.00, 12.00, and 16.00 ppm. The percent relative standard
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deviation from the study are presented in Table 4.1.11 The results show that the
percent relative standard deviations of all concentration in the calibration curve are less
than the acceptability percent relative standard deviation from the AOAC method.
Inorganic mercury gives less deviation than methylmercury in the concentration 8.00
and 12.00 ppm, but in high and low concentration methylmercury give less deviation.
In low concentration (4.00 ppm) both inorganic and methylmercury give high
deviation; however, the percent relative standard deviation of both are less than in the
AOAC method. It is shown that the precision of the method is acceptable.

Table 4.1.11: The result of the study of precision for the tetrabutylammonium
bromide-2-mercaptoethanol system compare with the acceptable
percent relative standard deviation of the reference method

concentration Hg* MeHg" AOAC
method
(ppm) peakarea | %RSD | peakarea | %RSD %RSD
(pV.sec) (uV.sec)
4,00 50044 7.04 22606 6.25 8.71
47852 20709
47831 24321
54192 22457
55559 23942
8.00 89936 1.40 49101 2.74 7.85
87502 49404
89740 51969
90883 48477
89168 50415
12.00 159617 2.00 71550 3.28 .37
160853 73459
166603 69670
166377 74990
165366 75366
16.00 222195 4.10 90901 2.38 7.07
204031 91042
208260 90654
219640 89494
222975 95205
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4.2 The Study of Sodium Hexanuulfbnate-Z-Mercaptoethanol System

Various effects on the resolution of mercury compounds, i.e. the mobile phase
pH, 2-mercaptoethanol concentration, sodium hexanesulfonate concentration methanol
composition in mobile phase, and mobile phase flow rate are studied. The mobile phase
compose of methanol-water (30:70% v/v) gives long retention time for phenylmercury
- detection. When percent methanol in mobile phase is increased to 40:60% vfv, the
retention time of phenylmercury is decreased and the resolution between inorganic and
methylmercury is acceptable. Thus, in this mobile phase system the mobile phase
composed of methanol-water (40:60% v/v) is used for the studies.

4.2.1.1 The Effect of Mobile Phase pH .

‘The mobile phase pH is studied to find the optimum pH that the mixed
complexing agent and ion-paiﬁng agent can be form complex or ion pair appositely
with the mercury compounds as in the tetrabutylammonium bromide-2-
mercaptoethanol system. The mobile phase pH in the range 2.0-8.0 adjusted with
hydrochloric acid and sodium hydroxide solution. is preliminary studied to find the
optimum mobile phase pH From the preliminary study, pH range 3.00-6.00 is chosen
for the next studies. The mixture of methanol-water (40:60 % v/v) containing 0.0050%
viv of 2-mercaptoethanol and 0.0050M of sodium hexanesulfonate buffered with
acetate-acetic acid buffer solution is used for the mobile phase in this study. The
mobile phase pH in range 3.00-6.00 is studied according to experimental section
3.5.1.1 and Table 3.2.1. The effects of mobile phase pH on the resolution of mercury
compounds are presented in Table 4.2.1 and Figure 4.2.1. From varied pH 3.00 to
6.00, asymmetric peaks as tailing of inorganic mercury are observed, but the more
symmetrical peaks are found in pH 4.00 -5.00. ‘The slightly-tailing peaks of
methylmercury are found in all of pH except in pH 5.00. The highest resolution of
inorganic and methylmercury is also found in pH 5.00. Therefore, the pH 5.00 is
chosen as the optimum mobile phase pH for the next study.



Table 4.2.1: The results of the effect of mobile phase pH on the

chromatographic parameters for the separation of mercury

compounds in sodium hexanesulfonate-2-mercaptoethanol

system. (Triplicate a.nalysw)‘

pH compound ta w K ot Re**
(min) (min)

3.00 solvent 2.82940.013 - -
Hg* 4.200£0.009 | 0.333£0.016 | 0.485 1.348 1.129
MeHg" 468040006 | 0.517:0.070 | 0.654
PhHg" 15.42910.057 | 0.861:0.135 | 4.454

4.00 solvent 2.87110.003 - -
Hg* | 4.067:0.057 | 032340038 | 0416 | 1445 | 1554
MeHg" 4.59740.022 | 0.36020.019 [ 0.601
PhHg" | 14.46420.230 | 0.66310.104 | 4.038

4.50 solvent 2.83240.007 - -
Hg* 4.19410.005 | 0.32110.086 | 0.48] 1.351 1.297
MeHg" 4.67420.007 | 0.42020.054 | 0€.650
PhHg" 15.37120084 | 0.88320.081 | 4.428

5.00 solvent 2.82540.004 - -
Hg* 414120011 | 0.25040.035 | 0466 | 1.382 | 1794
MeHg" 4.645£0.006 | 0.31210.028 | 0.644
PhHg' | 14.974:0.057 | 0.76210.167 | 4.300

6.00 solvent 2.82610.005 - -
Hg* 4.15620.015 | 0.39740.081 | 0.471 | 1408 | 1341
MeHg" 4.69910.006 | 0.413£0.059 | 0.663
PhHg' | 15.65010.022 | 0.71310.090 | 4.538

* gelectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury
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Figure 4.2.1: The chromatograms of mercury compounds at variety mobile
phase pH adjusted with acetate acetic acid buffer in sodium
hexanesulfonate-2-mercaptoethanol system. (chromatographic
conditions are shown in Table 3.2.1)
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4.2.1.2 The Effect of Acetate-Acetic Acid Buffer Solution

The acetate-acetic acid buffer solution is used to control the mobile
phase pH. The buffer concentrations 1.00 x 10°, 2.00 x 10°, and 5.00 x 10° M in
mobile phase composed of mixture methanol-water (40:60% v/v), 0.0050M of sodium
hexanesulfonate, and 0.0050% v/v of 2-mercaptoethanol are studied according to
experimental section 3.5.1.2 and Table 3.2.1. The effects of mobile phase pH in this
system are as same as the previous system. It is found that the peak resolution and
peak shape of mercury compounds are not effected from the increasing buffer
concentration, but the baseline signals are effected. Therefore, the acetate-acetic acid
buffer concentration 1,00 x 10° M is chosen as the optimum concentration for the next
study.

4.2.1.3 The Effect of 2-Mercaptoethanol Concentration

 2-Mercaptoethanol is used as complexing agent as in the previous
system. The effects of 2-mercaptoethanol concentration on the resolution of mercury
compounds according to experimental section 3.5.1.3 are studied. The mixtures of
methanol-water (40:60% v/v) buffered with 1.00 x 10°M acetate-acetic acid buffer
solution pH 5.00 containing 0.0050M sodium hexanesulfonate and the variety of 2-
mercaptoethanol concentration are used as mobile phase in this study. The
chromatographic - conditions - are shown in, Table 3.2.2 The 2-mercaptocthanol
concentrations in this study are varied from 0.0020% v/v to 0.0080%v/v. The effects
of 2-mercaptoethanol concentration are presented in Table 4.2.2 and Figure 4.2.2. In
the concentration 0.0020% v/v, inorganic and methylmercury are incompletely
separated and asymmetric peaks of mercury compounds are found. When 2-
mercaptoethanol concentration is increased, more symmetric peaks are observed.
Inorganic and methylmercury are completely separated. In 0.0040%' v/v of 2-
mercaptoethanol, the lowest concentration that mercury compounds are completely
separated, the symmetrical methylmercury peak is observed, but the asymmetric peaks
of inorganic and phenylmercury are still found. The resolution is increased with

increasing 2-mercaptoethanol concentration, but noisy signal is also found. Although in



99

0.0040% v/v of 2-mercaptoethanol the resolution is lower than in higher concentration,
this concentration the baseline signal is not effected. It is found that the optimum
resolution and peak shape are obtained in 0.0040% v/v 2-mercaptoethanol. Therefore,
the 0.0040% v/v of 2-mercaptoethanol is chosen for the next study.

Table 4.2.2: The results of the effect of 2-merc§ptoethanol concentration on
the chromatographic parameters for the separation of mercury

compounds in sodium hexanesulfonate-2-mercaptoethanol
system.. (Triplicate analyses)

%mercapto | compound ta w K at Re**
__cthanol (min) (rain)
0.0020% solvent 2.96240.026 - -
Hg** 4.16940.011 | 0.47320.043 | 0.407 1.410 | 1.100
MeHg* 4.66240.014 | 0.423:0.015 | 0.574
PhHg" [ 15.12540.139 | 1.13840.172 | 4.106
0.0040% solvent 2.939+0.066 - -
Hg* 4.195:0.008 | 0.407£0.032 | 0427 | 1389 | 1194
MeHg" 4.68240.012 | 0.4100.056 | 0.593
PhHg' | 15.44240.102 | 0.8930.052 | 4.254
0.0060% solvent 2.85840.051 - -
Hg* 4,17740.062 | 0.42120.066 | 0.461 1.401 | 130}
MeHg* 4.70420.008 | 0.39020.042 | 0.646
PhHg" 15.70420.051 | 0.91720.062 | 4.49S
0.0080% solvent 2.81910.007 - -
Hg™ 4.22230,009 | 0.29420.070 | 0498 | 1357 | 1.417
MeHg" 472540010 | 0.41610.072 | 0.676
PhHg" | 15.995:0.140 | 0.78040.098 | 4.674

* selectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury
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Figure 4.2.2: The chromatograms of mercury compounds at variety

2-mercaptoethanol concentration in sodium hexanesulfonate-
2-mercaptoethanol system.(chromatographic conditions
are shown in Table 3.2.3)
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4.2.1.4 The Effect of Sodium Hexanesulfonate Concentratton

Form the previous studies, the optimum mobile phase conditions are
performed as the mixture of methanol-water (40:60% v/v) buffered with 1.00 x 10°M
acetate-acetic acid buffer pH 5.00 containing 0.0040% v/v of 2-mercaptoethanol. In
this study optimum concentration of sodium hexanesulfonate, the anion-pairing agent,
is found. Sodium hexanesulfonate concentrations 0.0000-0.0150M are studied
according to experimental section 3.5.1.4 and Table 3.2.4. The effects of sodium
hexanesulfonate concentration on the resolution of mercury compounds are presented
in Table 4.2.3 and Figure 4.2.3.

In the absence of sodium hexanesulfonate in mobile phase, the
resolution between inorganic and methylmercury is less than in the presence of sodium
‘hexanesulfonate. When sodium hexanesulfonate is edded to the mobile phase (0.0025-
0.0040M), the resolutions are increased and the more symmetric peak of mercury
compounds are found. When sodium hexanesulfonate concentrations are increased to
higher concentrations (0.0060-0.0150M), the asymmetric peaks are found again. At
concentrations 0.002SM and 0.0040M, the resolutions and peak shapes of mercury
compound are not different. However, at 0.0025M the column equilibration time is
long. At higher sodium hexanesulfonate the equilibration time is reduced. And in
0.0040M the more reproducibility of peak shape and peak width are found. It is found
that the optimum resolution and peak shapes are obtained in 0.0040M sodium
hexanesulfonate. Therefore, the 0.0040M sodium hexanesulfonate is chosen for the
next study.
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Table 4.2.3: The results of the effect of sodium hexanesulfonate concentration
on the chromatographic parameters for the separation of mercury

compounds in sodium hexanesulfonate-2-mercaptoethanol system.

(Triplicate analyses)
Ihexanesutfonated| compound ta w 1S ot Re**
concentration (min) (min)
0.0000M solvent 2.8270.006 . - -
RHg* 414020012 | 0.45710052 | 0464 | 1384 | 1.09
MeHg* 4.64340,005 | 0.462£0.025 | 0.642
PhHg' | 14.870:0.058 | 0.957:0.048 | 4.260
0.0010M solvent 2.8230.006 - -
Hg* 4.15640.005 | 0.407+0.067 | 0472 | 1367 | 1.165
MeHg® | 4.64310,010 | 0.42940.060 | 0.645
PhHg' | 14.81310.164 | 0.77740.228 | 4.247
0.0025M sotvent 2.86710.024 - -
Hg* 4.18620.008 | 0.35840.087 | 0460 | 1.380 | 1376
MeHg" 4.68740,007 | 0.37110.069 | 0.635
PhHg" 15.38240.195 | 0.85420.055 | 4.365
0.0040M solvent | 2.83840.0037 - -
Hg** 409310004 | 0.46640.029 | 0.442 | 1407 | 1.109
MeHg® | 4.603:0.008 | 0.45410.020 | 0.622
PhHg" | 14.52310.040 | 0.83310.023 [ 4.117
0,0050M solvent 2.9030,046 - -
Hg* 4.196:0.009 | 0.33340.081 | 0445 | 1362 | 1259
MeHg* 4.66340.023 | 0:40810.029 | 0.606
PhHg* 1516310307 | 0.91720.072 | 4.223
0.0075M solvent | 2.87910.012 - -
Hg* 4,196£0.010 | 0.39540.035 | 0.457 | 1361 | 1145
MeHg" 4.670+0.033 | 0.43310.033 | 0.622
PhHg' 15.44610.294 | 0.82510.129 [ 4.365
0.0100M solvent 2.89410.078 - -
Hg™ 4.140£0.003 | 0.46240.044 | 0430 | 1419 | 1153
MeHg" 4.66010.029 | 0.44040.061 | 0.610
PhHg® | 15.17740.337 | 0.93310.104 | 4.244
0.0150M solvent | 2.86010.058 - -
Hg** 4.167:0.010 | 0.39920,023 | 0.457 | 1365 | 1.184
MeHg' 4.64410,023 | 0.40710.121 | 0.624
i 15.077£0.306 | 0.80420.082 | 4.272

PhHg™
* gelectivity factor between inorganic and methylmercury

** peak resolution between inorganic and methylmercury
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4.2.1.5 The Effect of the Methanol Composition in Mobile phase

The methanol composition in mobile phase is greatly affected to the
retention time and peak resolution of mercury compounds as found in the previous
system. The mixture of methanol-water buffered with 1.00 x 10*M acetate-acetic acid
buffer pH 5.00 containing 0.0040M sodium hexanesulfonate and 0.0040% viv 2-
mercaptoethanol is used as the mobile phase for the study according to experimental
section 3.5.1.5 and Table 3.2.5. The effects of methanol composition in mobile phase
compounds are presented in Table 4.24. and Figure 4.2.4-42.6. As in the
tetrabutylammonium bromide-2-mercaptoethanol system, the low proportions of
methanol give high resolution and long retention time. In low proportion of methanol
(10-20%), the phenylmercury peak is not detected. The increasing proportion of
methanol the resolution and retention time are decreased, until. 70% methanol
inorganic and methylmercury are not separated. The different from previous system is
that in low proportion of methanol (10%) the resolution of inorganic and
methylmercury is zero. It is found that the optimum retention time, peak resolution,
and peak shape are obtained in methanol 40% in mobile phase. Therefore, the mobile
phase composed of 40% methanol is chosen for the next study.
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Figure 4.2.4: The chromatograms of mercury compounds at variety
methanol composition in mobile phase in sodium
hexanesulfonate-2-mercaptoethanol system. (chromatographic
conditions are shown in Table 3.2.5)
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Table 4.2.4: The results of the effect of the methanol composition in mobile

phase on the chromatographic parameters for the separation of
mercury compounds in sodium hexanesulfonate-
2-mercaptoethanol system.. (Triplicate analyses)

%MeOH | compound ta w K ot Ry**
(min) (min)

10 solvent 3.000£0.050 - -
Hg"’* 10.587+0.031 | 0.73310.083 | 2.529 | 1.000 | 0.000
McHg

20 solvent 2.906+0,006 - -
Hg* 6.51620.022 | 0.33310.047 | 1242 | 1.188 | 1817
MeHg" 7.19240.018 | 0.412£0.080 | 1475

30 solvent 2.85340,003 - -
Hg 5.04040,010 | 0.42520.081 | 0.766 | 1.261 | 1.414
MeHg" §.610+0.008 | 0.381+0.050 | 0.966
PhHg* 28.09730.048 | 1.5540.129 | 8.848

40 solvent 2.827:0.006 - -
Hg*" 413140022 | 0.30010.033 | 0461 | 1386 | 1245
MeHg" 4.634:0,005 | 0.508:£0.017 | 0.639
PhHg" 14.87140.033 | 0.84320.061 | 4.260

50 solvent 2.92240,040 - -
Hg" 3.689+0.025 | 031320.008 | 0262 | 1511 | 1046
MeHg* 4.07940.003 | 0.43320.056 | 0.39%6
PhHg" 9.069:0.038 | 0.70£70.074 | 2.104

60 solvent 2.86740.026 - -
Hg** 3.40120.039 | 0.313:0028 | 0.186 | 1.607 | 0.944
McHg' 3.72410.005 | 0.3700.007 | -0.299
PhHg" 6.15410.010 | 0.62030.040 | 1.146

10 solvent 2.9390.024 - -
Hg’*+ 3.46140.001 | 0.417+0.016 | 0.178 | 1000 | 0.000
PhHg' 4.63310.009 | 0.50610.117 | 0.576

* selectivity factor between inorganic and methylmercury
*# peak resolution between inorganic and methylmercury
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The effects of methanol composition in mobile phase of sodium
hexanesulfonate system are compared with the 2-mercaptoethanol system. The same
percent methanol is used. The mixtures methanol-water buffered with 1.00 x 10°M
acetate-acetic acid buffer pH 5.00 containing only 0.0040% v/v 2-mercaptoethanol are
used as the mobile phase for the comparison system. The results of effects of methanol
composition in mobile phase are presented in Table 4.2.5. The comparisons between
two system are shown in Figure 4.2.7-4.2.9

Table 4.2.5: The results of the effect of the methanol composition in mobile
phase on the chromatographic parameters for the separation of
mercury compounds in 2-mercaptoethanol system. (Triplicate

analyses)
%MeOH | compound ta K ot Rq**
(min)
10 solvent 3.058+0.004 -
MeHg"* 10.49540.049 2.432. 1.032 0.508
Hg** 10.73110.011 [ 2.509
20 solvent 2.94110.028 -
Hg** 7.1750.042 1.440 1.00 0.000
MeHg*
30 solvent 2.87840.015 -
Hg* 4.87240.004 0.693 1.338 1.854

MeHg" 5.54510.019 | 0.927
PhHg" 27.62840.256 8.600
40 solvent 2.84510.018 -
Hg* 4.08940.004 0.437 1.441 1.175
MeHg" 4.6120,008 0.621
PhHg" 14.709+0.105 4170

50 solvent 2.88640.041 - A
Hg* 3.63610.013 0.260 1.519 1.102
MeHg" 4.02610,008 0.395
PhHg" 8.56940.055 1.969
60 solvent 2.91040.023 -
Hg** 3.43010.026 0.179- 1.447 0.829

MeHg' 3.66310.004 0.259
PhHg' 5.7730.010 0.934
70 solvent 2.84610.038 -
Hg* 3.22110.003 0.132 1.538 0.774
MeHg"* 3.42310.005 0.203
PhHg* 4.43930.007 0.560

* selectivity factor between inorganic and methylmercury
** peak resolution between inorganic and methylmercury
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As in the tetrabhtylammoniumbronﬁde-Z-mercaptoethanol system, the
sodium hexanesulfonate—?.-mefcaptoethanol system has 2 retention mechanisms. The
competition between ion-pair formation of mercury compounds and hexanesulfonate
and the mercaptoethanol complexes formation are occurred, Considering the stability
constant for both formations. The stability constants for mercaptoethanol complexes
are 10°-10°, whereas ion-pair formations are 10°, It is show that the complexes
formation is the dominated-mechanism. In mobile phase containing ion-pairing agent,
sodium hexanesulfanate, the hexanesulfonate is partitioned into the C,g stationary
phase. In contrast, this system the only dynamic cation-exchange is shown. In low
proportion of methanol, the mercaptoethanol complexes are ionised as the previous
mobile phase system. The ion-pair mechanism is dominated. However, the ionised
groups of inorganic mercury complex is repulsed from the negatively charged
hexanesulfonate. The inorganic mercury is less retained than in the conventional Cys

surface. Thus, the decrease in retention times of inorganic mercury are found in the
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sodium hexanesulfonate-2-mercaptoethanol system compared with the 2-
mercaptoethanol system. When the proportion of methanol in mobile phase is
increased, the partition of mercury-complexes is the main mechanism. Non-polar
property of stationary phase is not increased with hexanesulfonate, so the retention
times of mercury compounds are not significantly changed.

4.1.1.6 The Effect of Mobile Phase Flow Rate

The effects of mobile phase flow rate on the retention time, peak
resolution, and peak shape of mercury compounds at the optimum mobile phase
conditions are studied. The mixture of methanol-water (40:60% v/v) buffered with
1.00 x 10°M acetate-acetic acid buffer pH 5.00 containing 0.0040M sodium
hexanesulfonate and 0.0040% v/v 2-mercaptoethanol is served as the optimum mobile
phase composition, The mobile phase flow rates are varied from 0.80 to 1.20 mL/min
in order to find the optimdm flow rate of sodium hexanesulfonate-2-mercaptoethanol
system according to experimental section 3.5.1.6 and Table 3.2.6. The effects of
mobile phase flow rate are presented in Table 4.2.5 and Figure 4.2.7. From the study,
the slow flow rates, tailing peaks of inorganic and phenylmercury are found. When
flow rates are increased, the peaks of mercury compounds aré eluted quickly, the
tailing of peak is decreased, and the separation between inorganic and methylmercury
is decreased. In lower flow rate, the higher resolution is found. However, long
retention time of phenylmercury and broadness peak shape are found in low flow rate.
For the appropriate dgtection of all mercury compounds and the pressure of HPLC

system, the flow rate 1.20 mL/min is chosen for the optimum mobile phase flow rate
and used for the next study.
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Table 4.2.6; The results of the effect of mobile phase flow rate on the

chromatographic parameters for the separation of mercury
compounds in sodium hexanesuifonate-2-mercaptoethanol

system. (replicate analyses, n=5)

flow rate compound ta w Re

(mL/min) (min) (min)
solvent 3.50940.010 -

0.80 Hg™* 5.05840.008 0.429£0.076 | 1.517
MeHg" 5.68940.005 0.40340.113
PhHg* 18.11940.081 | 0.82310.064
solvent 2.8760.003 -

1.00 Hg** 4.077£0.003 0.39740.057 | 1.222
MeHg" 4.57740.012 0.4220.045
PhHg" 14.38040.124 | 0.880+0.080
sotvent 2.39440.005 -

1.20 Hg** 3.40810.006 0.38410.057 | 1.072
MeHg" 3.82420.009 0.39310.015
PhHg" 11.80140.045 | 0.77010.038
sotvent 1.9590.030 -

1.50 Hg" 2.74620.008 0.31710.043 | 1.099
MeHg* 3.08940.010 0.30840.022
PhHg" 9,38940.073 0.69310.085
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Figure 4.2,10:The chromatograms of mercury compounds at variety of mobile
phase flow rate in sodium hexanesulfonatc-2-mcrcapto§thanol
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The injection volume of mercury compounds is affected to the peak height and

peak area. The effects of injection volume on the response signals of mercury
compounds are studied under optimum mobile phase conditions from the previous
studies according to experimental section 3.5.2 and Table 3.2.7. The results are
presented in Table 4.2.6 and Figures 4.2.8-4.2.10, It is found that the highest peak
height signal and peak area signal per nanogram of mercury compounds are obtained in
volume 10 pL and the highest peak area signal is obtained in volume 10 pL. The
injection volume 50 pL signal responses of mercury compounds are lower than in 10
L, but higher than in other injection volumes. However, the injection volume 50 pL
can gives the same amount of mercury compounds with the lower concentration than
in the injection volume 10 pL. For the compomised for response signal and the
preparation of the concentrations of standard solution the 50 pL is chosen for the next
study.

Table 4.2.7: The results of the effect of injection volume on the response
signal of mercury compounds in sodium hexanesulfonate-

2-mercaptoethanol system. (replicate analyses, n=5)

volume | compound Area fesponse Height lespoue
(uL) (rV.5c0) ( Sg:dalm (A)) -
: WV,
10 Hg” 18648+7549 372,96 15814357 31/22&'

1851313904 185.13 2111277 2111
P;I:?‘& 4636947513 463.69 2323133 23.23

20 2222043476 222.20 23201261 23.20
2759511689 137.98 3624178 18.12

]:EHiL 6389102985 319.45 3360173 16.80

25 21970+1725 175.17 28944226 23.15
292913713 117.17 3971131 15.88

P%g 79469+3145 317.88 42064228 16.82

50 6264714899 250.59 752214430 30.09
7465411681 149.31 9095497 18.19

Phl-lg+ 1817832928 363.57 8564489 17.13

100 Hg* 500395413 100.08 14137£1035 | 28.27
MeHg" 126723+1809 126.73- 17821748 17.83

PhHg" 395317123603 395.32 18685:+1030 | 18.68
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Figure 4.2.11: The chromatograms of mercury compounds at variety of

injection volume in sodium hexanesulfonate-2-mercaptoethanol
system. (chromatographic conditions are shown in Table 3.2.7)
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Figure 4.2.12: The relationship between the respense signals (peak area) of
mercury compounds and the injection volume in sodium

hexanesulfonate-2-mercaptoethanol system.
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Figure 4.2.13: The relationship between the response signals (peak height) of
mercury compounds and the injection volume in sodium

hexanesulfonate-2-mercaptoethanol system.

Form the studies of various effects on the resolution and sensitivity of the

system the optimum conditions for the next study are shown in the Table 4.2.8.
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Table 4.2.8: The optimum conditions of the sodium hexanesulfonate-

2-mercaptoethanol system
conditions parameters
Column Hypersil, 4.6 x 250 mm., Spm
Mobile phase composition |40:60% v/v methanol-water buffered with
1.00 x 10° M acetate-acetic acid pH 5.00 containing
0.0040M sodium hexanesulfonate and
0.0040% v/v 2-mercaptoethanol
Mobile phase flow rate 1.20 mL/min.
Injection volume S50 uL
Detector Photodiode Array Detector
Data Acquisition Maximum plot (200-400 nm)
3
0.018] 2
, 3 ]
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Figure 4.2.14: The chromatogram of mercury compounds under the optimum

chromatographic conditions in sodium hexanesulfonate-

2-mercaptoethanol system. (chromatographic conditions are
shown in Table 4.2.8)
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4.2,3 The Studv of Linearity of Standard Mercury Compounds

The studies of linearity of standard mercury compounds according to
experimental section 3.5.3. In this study, standard mercury compounds are injected
under chromatographic conditions in Table 4.2.8. The results are shown in Table 4.2.9.
Each peak area and peak height are plotted as the function of the concentration and
shown in Figures 4.2.15-4.2.20.

From the Figure 4.2.15, 4.2.17, and 4.2.19, the large linearity and good linear
correlation of mercury compounds are observed. Inorganic mercury has linearity over
500.00 ppm. Methylmercury have linearity over 400.00 ppm. and phenylmercury have
linearity over 300.00 ppm. From the Figures 4.2.16, 4.2.18, and 4.2.20, the good
linearity correlation of mercury componds are also observed. However, in these
relationships inorganic mercury has linearity over 100.00 ppm. Methylmercury has
linearity over 300.00 ppm. and phenylmercury has linearity over 300.00 ppm. It is
found that the shorter linearity range and poorer percent relative deviation and linear
coefficient are found in peak height measurement compare with peak area. The only
peak area is chosen for the next study. Therfore, the concentration in this range can be
used for the study of calibration curve.



Table 4.2.9: The results of the study of linearity of mercury compounds in

sodium hexanesulfonate-2-mercaptoethanol system..
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(replicate analyses, n=5)
Concentration | Compound Peak Area %RSD. Peak Height %RSD,
(ppm) (uV.sec) ®v)
5.00 Hg™" 53068 8.90 4577 8.85
MeHg* 18864 6.20 2321 3.43
52708 5.25 4209 1.3
10.00 P:g’He’L 133108 2.99 13130 8.84
MeHg 84072 4.38 6482 482
205950 1.33 8626 2.97
20.00 P:xg‘ﬂgL 293433 4.17 30002 9.9
MecHg 146381 291 11998 5.52
411617 1.81 17339 2.46
50.00 Plh-l?""L 693841 0.92 67257 4.80
MeHg" 161481 2.18 16785 1.27
/ 987981 2.67 41872 1.48
100.00 Pll;g’l-lx‘L 1284575 1.77 111674 4.76
MeHg" 314758 -7.89 27704 3.48
PhHg 2073907 1.81 77115 4.31
200.00 Hg* 3001707 3.75 272954 271
MeHg" 760738 3.38 69949 311
PhHg 3932487 0.32 124969 2.18
300.00 Hg" 4441198 0.60 402475 0.52
MeHg 1069163 1.06 97273 0.69
PhHg" 6221361 1.61 141630 1.83
400.00 Hg* 5805371 0.44 694327 110
n:he:gg+ 1458263 2.12 93567 0.55
500.00 HE"'+ 7792353 027 925806 0.37
MeHg'
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Figure 4.2.15: The relationship between the peak area of inorganic mercury
and the concentration in sodium hexanesulfonate-

2-mercaptoethanol system.
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Figure 4.2.16: The relationship between the peak height of inorganic mercury
and the concentration in sodium hexanesulfonate-

2-mcrc.aptoethanol system,
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Figure 4.2.17:The relationship between the peak area of methylmercury and

the concentration in sodium hexanesulfonate-2-mercaptoethanol

system.
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Figure 4.2.18:The relationship between the peak height of methylmercury and

the concentration in sodium hexanesulfonate-2-mercaptoethanol

system.
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Figure 4.2.19:The relationship between the peak area of phenylmercury and
the concentration in sodium hexanesulfonate-2-mercaptoethanol

system.
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Figure 4.2.20:The relationship between the peak height of phenylmercury and
the concentration in sodium hexanesulfonate-2-mercaptoethanol

system.
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4.2.4 The Study of Calibration Curve of Mercury Compounds

The calibration curve of mercury compounds in the range of 1.00-20.00 ppm
were study according to the experimental section 3.5.4. The relationship between the
peak area and concentration were shown in Table 42,10 and Figures 4.2.21-4.2.23.
From the calibration curves show that all of mercury compounds give good linear
comelation, R* = 09958, 0.9996, and 09985 for .inorganic, methyl, and
phenylmercury, respectively. The expression for inorganic mercury is y = 14192x -
17219, methylmercury is y = 6592.7x - 2455.1, and phenylmercury is y = 16895x -
305.5. It is found that phenylmercury and inorganic mercury give higher sensitivity
than methylmercury.

Table 4.2.10: The results of the study of calibration curve of mercury
compounds in sodium hexanesulfonate-2-mercaptoethanol
system.. (replicate analyses, n=5)

Concentration Compound Peak Area %RSD.
(ppm) (pV.sec)

1.00 Hg™ 5675 4.23
MeHg"* 4914 16.00

PhHg" 10042 6.79

3.00 Hg* 18233 8.17
MeHg' 17962 3.66

PhHg" 57689 6.65

6.00 Hg* 70415 5.98
MeHg" 36094 2.97

PhHg" 101431 8.48

10.00 Hg* 119367 8.10
MeHg" 62682 3.00

PhHg" 170114 4.85

15.00 * 190576 - 4.09
MeHg* 95711 1.89

PhHg" 24915 2.41

20.00 Hg" 273015 3.69
MeHg' 130504 0.81

PhHg" 338939 5.99
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Figure 4.2.21: The calibration curve of inorganic mercury in sodium

hexanesulfonate-2-mercaptoethanol system.
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Figure 4.2.23: The calibration curve of phenylmercury in sodium

hexanesulfonate-2-mercaptoethanol system.,

4.2.5 The Study of Detection Limit of the System

The study of detection limit for sodium hexanesulfonate-2-mercaptoethanol
system according to the experimental section 3.5. Inorganic mercury has the high
detection limits of 0.80 ppm as Hg (40 ng as Hg). Methylmercury is 0.30 ppm as Hg
(15 ng as Hg) and phenylmercury is 0.20 ppm as Hg (10 ng as Hg). Inorganic mercury
gives the high detection limit because it eluted first and closed to the solvent peak. The
solvent peak in this system is the negative peak, and the low concentration signal of
inorganic mercury is effected from the solvent peak. The detection limit of this system
will compare with the detection limit of tetrabutylammonium bromide-2-

mercaptoethanol system and are presented in Table 4.2.12
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4.2.6_The Studv of Precision of the System

The study of precision for sodium hexanesulfonate-2-mercaptoethanol system
according to the experimental section 3.5.6 and the AOAC® Peer-Verified Methods
Program (87) are present in Table 4.2.11. The percent relative standard deviations of
all concentration in the calibration curve are less than the acceptability percent relative
standard deviation from the AOAC method except in concentration 12.00 ppm of
methylmercury but this percent relative standard deviation is closed to the standard
method. When compare all of mercury compounds, phenylmercury gives the least
deviation in all ooncentration.' In low concentration (4.00-8.00 ppm) mercury
compounds give high deviation, but deviation are decreased with the increased
concentration. It is shown that the precision of this method is acceptable. The
comparison with tetrabutylammonium bromide-2-mercaptoethanol are present in Table
42.12
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Table 4.2.11: The result of the study of precision for the sodium hexane
sulfonate-2-mercaptoethanol system compare with the
acceptable percent relative standard deviation of the

reference method
concentration Hg" ! PhHg" AOAC
(ppm) peak area | %RSD | peak area | %RSD | peak arca %RSD | %RSD
_(uV.sec) (uV.sec) _(puV.sec)
4.00 67711 7.12 32615 5.11 58040 5.50 8N
71132 30802 62242
66358 29597 57473
60129 33314 53534
68837 30249 59739
8.00 104695 513 87778 6.89 146739 6.00 7.85
114550 90554 | 135146
110447 94190 151255
98255 104873 139222
107487 93742 156744
12.00 156218 2.00 114989 1.46 282507 3.24 137
158228 116472 268562
156119 137723 263778
150793 128387 | 262756
158633 124623 278046
16.00 201168 6.72 159394 494 367307 4,94 1.07
184219 163758 334145
179070 147708 361813
178585 163884 366685
205564 168580 383246




Table 4.2.12: The comparison of analytical parameters from tetrabutylammoniun bromide-2-mercaptoethanol system and sodium

hexanesulfonate-2-mercaptoethanol system under optimum condition for each system.

Analytical Tetrabutylammonium bromide- Sodium hexanesulfonate-2-mercaptoethanol system
parameters 2-mercaptoethanol system
Hg”' MeHg" Hg™* MeHg" PhHg'
retention time{min) |6.89810,097 6.09810.038 3.408+0.006 3.82440.009 11.801140.045
linearity y=7168.3x+9180.9 y =5836.9x-1771.1 y = 15534x-89366 y =3658.5%-10259 y =20816x-38386
R? = 0.9983 R?=0.9998 R® =0.9985 R? =0.9979 R? =0.9983
calibration curve |y =9363.6x-4750.3 y =6333.7x-3623.7 y = 14192x-17219 y =6592,7x-2455.1 y = 16895x-305.5
R? =0.9995 R?=0.9976 R? = 0.9958 R?=0.9996 R? = 0.9985
detection limit 0.30 ppm (as Hg) 0.30 ppm (as Hg) 0.80 ppm (as Hg) 0.30 ppm (as Hg) 0.20ppm (as Hg)
15 ng (as Hg) 15 ng (as Hg) 40 ng (as Hg) 15ng (as Hg) 10 ng {as Hg)
precision* 7.04%, 1.40%, 6.25%, 2.74%, 7.12%, 5.73%, 5.11%, 6.89%, 5.50%, 6.00%,
2.00%, and 4.10% 3.28%. and 2.38% 2.00%, and 6.72% 7.46%, and 4.94% 3.24%, and 4.94%

* percent relative standard deviation for 4.00, 8.00, 12.00, and 16.00 ppm, respectively.

T£1
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From Table 4.2.12, various analytical parameters of two mobile phase systems
are compared. In tetrabutylammonium bromide-2-mercaptoethanol system (first
system), inorganic and methylmercury are completely separated within 8 min, but
phenylmercury is not detected. The phenylmercury is detected in the sodium
hexanesulfonate system (second system) with higher sensitivity and detection limit over
other compounds. In first system inorganic men:urjr is eluted after methylmercury and
complete separation, but in second system inorganic mercury is eluted before
methylmercury. It is show that the first system is suitable for the speciation of
inorganic and methylmercury, especially methylmercury, in environmental. In the
environmental, the concentration of methylmercury is very less than inorganic mercury.
In the system that inorganic eluted first, the high concentration of inorganic mercury is
affected to the peak of methylmercury. From the elution order of the first system, the
problem can be resolved. On the other hand, the determination of all inorganic and
organomercury compounds the second system is suitable than the first one.

In addition, the detection limit and sensitivity of two system are compared. The
detection limit of inorganic mercury in the second system is very poor resulted from
inorganic peak is closed to the solvent peak as discussed in the section 4.2.5. For
methylmercury the detection linit and sensitivity are similarity in two systems. Also in
second system, inorganic mercury has the same detection limit as methylmercury.
However, the sensitivity of inorganic mercury is higher than methylmercury about two
time. This indicates that the mercury-mercaptoethanol complexes are affected the
responses of detector. The sensitivity is dependent on the chromophore group in the
molecule and the type of complexes. The jon-pairing agent is not affected. As the
results show that the ion-pair agent is affected to the only separation mechanism. The
comparison of the study of precision of the system. Both system have the acceptable
%RSD compared with the AOAC® reference method.
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