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The complexation of CH;Hg" with major ions present in sea and estuary waters (C1~, SO, and
CO3*") was studied potentiometrically in an NaClO; medium in the ionic strength range 0.1-
3.0mol dm > at 25°C. The potentiometric data, treated with non-linear least squares computer
programs, led us to establish the formation of the species CH;HgCl in equilibrium with chloride,
CH;Hg(SO,4)~ species with sulfate and no complex with carbonate. The stoichiometric stability
constants obtained at the different ionic strengths were correlated by means of the modified Bromley
methodology (MBM) to determine the corresponding thermodynamic constants and interaction
parameters. This study is the second of a series designed to simulate, using the MBM
thermodynamic model, the behaviour of methylmercury in different conditions of sea and estuary
waters. In the first study of the series, the hydrolysis equilibria of methylmercury in NaClO, ionic
media were established. Copyright © 2002 John Wiley & Sons, Ltd.
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INTRODUCTION

The high volatility of mercury and its compounds, and their
accumulative and persistent character in the environment,
have been the principal causes of the growth in social and
scientific interest in mercury biogeochemistry in the last few
decades. Although the use of this element and its organic
compounds has decreased significantly, a recent study’ has
estimated the total anthropogenic emissions of mercury to
the atmosphere as about 3600-4500 tons per year. The
behaviour of mercury and its different compounds in the
environment is controlled by several physicochemical mech-
anisms;*® methylation, adsorption, deposition, complexa-
tion, evaporation, etc. are some of the processes that
determine the atmospheric mercury cycle and that are
necessary to study in order to gain a complete knowledge
of the real distribution of mercury in the environment.

*Correspondence to: J. Sanz, Kimika Analitikoaren Saila, Euskal Herriko
Unibertsitatea (UPV/EHU), PK 644, E-48080 Bilbao, Spain.

E-mail: qabsalaj@lg.ehu.es

Contract/grant sponsor: University of the Basque Country; Contract/
grant number: UPV 171.310-EA 160/97.

Furthermore, the toxicity of mercury compounds varies
considerably, necessitating the determination of individual
species to assess environmental impact accurately. Methyl-
mercury is considered by the World Health Organization
and the United Nations Chemist Security International
Program as the most hazardous species of all the mercury
compounds.*

Many studies have been made in the last 15 years on
toxicity and methylmercury analytical determination, but
few studies have attempted to establish the different
equilibria that control the behaviour of methylmercury in
natural waters. As has been previously established,””
studies on the complex formation of methylmercury and
the ligands that are commonly found in nature are of
importance for a better understanding of their chemical
behaviour in the ecological medium.

Thermodynamic models and specific interaction theories
have been successfully used in many chemical systems to
determine the species and concentrations present in different
sets of conditions and media. For example, calculations of
different nickel species concentrations, which control some
processes in an automated plant for recovering metals from
electroplating baths, have been performed using the modi-
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fied Bromley methodology (MBM)*® in very variable
media.’” The MBM has also been applied to the determina-
tion of fluoride concentrations in the presence of aluminium
by potentiometric measurements, a very common problem
in the industrial control of fluorine production.’ In dealing
with environmental problems, MBM has been used for
speciation of arsenic in natural waters,'” and has show how
the dissolved arsenic is controlled by the iron concentration
in rivers and by the magnesium concentration in estuary
waters, due to the formation of iron and magnesium arsenate
precipitates respectively.

In order to determine the methylmercury species present
in the variable conditions of different multicomponent
natural waters using thermodynamic models, it is first
necessary to perform systematic studies of these equilibria
taking into account the ionic strength. Estimates of activity
coefficients of species can be obtained empirically from
experimental data by considering theories of specific ion
interactions. Apart from a recent study by Sammartano and
co-workers,” thermodynamic parameters reported on com-
plex formation studies already carried out refer only to a
single ionic medium and a single value of ionic
strength.’>”

In this paper a potentiometric study (glass electrode-
double liquid-junction reference electrode) on the complexa-
tion of the CH;Hg" with CI~, SO, and CO3*~ at 25°C, in
NaClO, ionic medium at different ionic strengths (0.1, 0.5,
1.0 and 3.0 mol dm ) is reported. The experimental data
obtained is used to construct a thermodynamic model using
the MBM. This model will help us to estimate the
distribution of methylmercury in the different species
that can be formed with anions present in natural environ-
ments, as a function of the composition of those chemical
systems.

EXPERIMENTAL

Reagents and solutions
Methylmercury was used as hydroxide and was prepared
and isolated from methylmercury iodide (Merck, p.a.)
according to literature methods.'>'® All other reagents were
of analytical grade (from Merck and Fluka), with a purity
always >99.5%, and were used without further purification.
The concentration of the sodium perchlorate employed as
ionic medium was tested gravimetrically after evaporation
of different aliquots at 110°C. The concentration of the
aqueous methylmercuric hydroxide in solution was checked
by photometric titration with dithizone." Stock solutions of
perchloric acid and sodium hydroxide were standardized
against tris(hydroxymethyl)-aminomethane and potassium
hydrogenphthalate respectively.”® All the solutions were
prepared using Milli Q water (R < 18 Qcm ™ ') and grade A
glassware.

Safety note: organomercury compounds, and especially
methylmercury, are highly toxic. They can cause neuro-
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logical damage and kidney malfunction. Direct contact
with the skin can lead to death. Precautions and adequate
clothing are necessary when manipulating the reagent.
Sodium perchlorate is explosive in contact with hot
surfaces. Solutions should be prepared with caution.

Apparatus

An automatic titration system developed in our laboratory,?!
which can control up to three titrations at the same time, was
used in the potentiometric experiments. A glass electrode
(Metrohm 6.0101.100) and a double liquid-junction Ag-
AgCl(s) reference electrode (Metrohm 6-0726-100-RC) were
used, as in Scheme 1, where [ is the ionic strength of the
solution.

Ag-AgCl(s)| AgCl(s)-I(mol dm > NaClO,
| I(mol dm~®)NaClOQ, || Test solution | Glass electrode

Scheme1.

The electromotive force (EMF) measurements were re-
corded via a computer by means of a preamplifier in order to
adapt the electrical signal to a Hewlett-Packard HP 3421A
voltmeter. A Metrohm Dosimat 725 automatic burette with a
precision of +5 pl, was used to perform the additions. An oil
bath was used to thermostat the titration vessel at
25.0£0.1°C and CO, was removed by bubbling nitrogen
(saturated at the corresponding ionic strength to avoid
evaporation of the ionic medium) through the solution.
Magnetic stirring was employed during the titration. The
photometric titration of the methylmercury was performed
with a UV-VIS diode-array Hewlett-Packard HP8452A
spectrophemeter; the titrated solution was brought into the
spectrophotometric cells (Hellma 104F-QS; path length,
1 cm) using a Gilson Minipuls 2 pump.

Procedure

Higher concentrations of all the components with regard to
those found in natural systems were used in order to
establish more carefully all the possible equilibria of
methylmercury.

Two different kinds of titration were performed. In order
to calculate the chloride and sulfate complexes, a solution
(70 cm®) containing methylmercury (10~2-10"* mol dm?),
different amounts (10~'-10~* mol dm ) of the correspond-
ing sodium salt (NaCl or Na,;SOy), a slight excess of HCIO, to
calculate the standard potential Ey of the electrolytic cell, and
the necessary amount of NaClO, stock solution (0.1
<I1<3.0mol dmfa) to keep the ionic strength constant, were
titrated with Na(OH™,ClOs) solution at the same ionic
strength. After each addition (up to 100 additions for each
titration) a waiting time of 1min was allowed to elapse,
followed by an EMF reading every 30 s up to a maximum of
20. Equilibrium was considered to have been reached when
the standard deviation of the last three potential measure-
ments was less than 0.05 mV. Each titration took between 10
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Table 1. Different chemical models tested to explain the chloride and sulfate experimental data at ionic strength 1.0 mol dm~2 together
with the sum of squared errors for each fit and the equilibrium constants obtained. In all these different models, CHzHgOH and
(CHgHg).OH™ are always included; log ficr,HgOH = —4.671% and log Bcn,HG)0H" = —2.185° were used as known and constants

parameters for this ionic strength

Chloride Sulfate
Model BSTAC Model BSTAC

No. Species u log B No. Species u log f

I CH;HgCl 72.9 5.17 I CH3Hg(SOy4) 329 141

I CH3HgCly 86.4 6.28 11 CH3Hg(HSO,) 41.2 2.63

I CH3HgCl327 90.7 7.01 III CH;Hg(SO4) ™ 37 2.95
CH,Hg(HSO,) 5.72

v CH;HgCIOH ™ no fit v (CH3Hg),S0, no fit

\% CH;HgCl no fit \% CH3Hg(SOy4) ™ no fit

and 15 h to complete. At least five titrations were performed titrant added in STACO.

at each ionic strength and the methylmercury concentration

and the complexation agent were varied to determine if U= (Xeate — Xexp)’ 3)

polynuclear species were present.

The titrations to calculate the carbonate complexes were
carried out with the same methylmercury range of concen-
trations and different amounts of Na,CO; but with a slight
excess of NaOH to take the pH to the alkaline zone. The
solutions were titrated with the (Na*,H")CIO, solution until
pH 8.5 in order to avoid the formation of CO,(aq). The
procedure and conditions of equilibrium were exactly the
same as used to carry out the calculations for the chloride
and sulfate complexes.

Calculations
The free hydrogen-ion was calculated using Eqns (1) and (2)

E = Eg + glog h + Ej(h) (1)
Ei (h) = jach + ]‘baKwhi1 (2)

All the parameters needed (E,, water autoprotolysis constant
K, and the acid (j,c) and base (jp,) liquid junction potential
coefficients) were calculated previously by means of ionic
medium titrations and were refined numerically by means of
the MODEL FUNCTION version” of the LETAGROP
program.” All these calculations are explained in depth
elsewhere.® Concentration and formation constants are given
on a molar scale.

To calculate the complex formation constants, numerical
treatment was carried out using the BSTAC** and STACO*
programs. These programs minimize for all the N, experi-
mental points the sum of square errors U defined by Eqn. (3),
where X is the EMF potential in BSTAC or the volume of
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RESULTS AND DISCUSSION

Chloride and sulfate species

For each experimental data set, several chemical models
were tested with both BSTAC and STACO programs. In all
these different models, the CHzHgOH and (CH3;Hg),OH*
species that were stated as the products of methylmercury
hydrolysis in previous work® are always included. As an
example, results for the data at 1.0 mol dm ™ ionic strength
are summarized in Table 1. As can be seen, the best fit is
obtained by considering only the formation of 1:1 complexes

E{(mv)
200 ¢

L

5 ) 10 15 20 25

Vol. NaOH (ml)

-100 -

-200 +

-300 +

-400

-500 -

Figure 1. Titration of 8.7 x 10~3 mol dm~® CH3HgOH and

2.42 x 1072 mol dm™> NaCl with NaOH in 1.0 mol dm~3 NaClO,
(O, experimental values; —, values calculated by BSTAC with
the formation of the single species CHsHgCI).
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Table 2. Calculated stoichiometric stability constants (molar
scale) for the methylmercury—chloride and methylmercury—
sulfate systems at different ionic strengths in NaClO4 medium at
25°C. For both systems the corresponding formation constant
values of CHzHgOH and (CH3Hg),OH™, at the given ionic
strength value, are considered®

log 11 (CHsHgCl)  log 'B11 (CH3Hg(SO4) ™)

I(mol dm™3) BSTAC STACO BSTAC STACO
0.1 528 +£0.01 528 +£0.01 1.59+0.02 1.61+£0.02
0.5 518 £0.01 520+0.01 1.40+0.02 1.37£0.04
1.0 517+0.01 5174+0.01 1.41+£0.03 1.4540.04
3.0 531+0.01 529+0.01 1.74+0.04 1.80=£0.07
[Eqn. (4)] for both the chloride and sulfate.

CH;Hg" + X~ = CH3HgX @

(where X = CI™ and SO,>")

As an example, Figure 1 shows the agreement between
experimental and calculated data for the titration of
CH3;HgOH and NaCl with NaOH in 1.0 mol dm™3 NaClO,.
The same results were obtained for the other ionic strengths
and other methylmercury concentrations investigated in this
work. The formation of the HSO, complex in the sulfate
system was also considered, using the stability constant
values reported in the literature.’**” The results obtained at
each ionic strength using both programs are shown in Table
2.

Tables 3 and 4 summarize the proposed species and
formation constant values reported by other authors. As can
be seen, the stoichiometry of the complex species of
methylmercury agrees with that suggested previously,>**”
but the formation constant values depend not only on the
ionic strength but also on the composition of the ionic
medium.

Table 3. Stoichiometric stability constants found in the literature
for the methylmercury—chloride equilibrium

I (mol dm™?) T (°C) log "By Ref.
0 25 5.45 13
0.1 NaNO3 20 5.25 14
0.1 KNO; 25 4.90 +0.03 15
1.0 NaClO, 25 5.32 +0.09 16
0.1 NaCl 25 5.25 + 0.03 5
0.25 NaCl 25 5.19 +0.02 5
0.5 NaCl 25 5.16 £ 0.02 5
1.0 NaCl 25 5.13 +0.03 5
2.0 NaCl 25 5.14 +0.03 5
3.0 NaCl 25 5.22 4 0.04 5
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Table 4. Stoichiometric stability constants found in the literature
for the methylmercury—sulfate equilibrium

I (mol dm?) T (°C) log B4 Ref.
0.7 NazSOy4 25 0.94 17
0.09 NaySO,4 25 2.54 +0.04 5
0.16 NaySO, 25 2.51+£0.04 5
0.25 NaySO4 25 2.51+0.05 5
0.36 NaySO, 25 2.52+0.05 5
0.49 NaySO4 25 2.55 +0.05 5
0.64 NaySO, 25 2.59 £0.05 5
0.81 NaySO, 25 2.63 £0.07 5
1.00 NaySO4 25 2.68 +0.07 5

The values calculated for the methylmercury-chloride
complex are in agreement with the values reported in the
literature, mainly with the recent Sammartano and co-
workers study,” which is the only systematic study of the
influence of ionic strength on the value of the stoichio-
metric constants. As can be seen, the values in chloride
media are slightly lower than in perchlorate, as can be
expected from the behaviour of other metal-ligand equi-
libria.?*->2

In other ways, the complexation data proposed for the
sulfate complex are significantly divergent with the data
found by Sammartano and co-workers® (Table 4). This
divergence can be easily explained by the use in the
Sammartano model of an additional complex, the formation
of the ionic species NaSOy . In the present work this labile
complex is not considered as a species, but only as an ionic
interaction between Na* and SO,2~. The other stoichiometric
constant value taken from the literature (log 18,,=0.94 in
0.7 mol dm ™ NaySO,),"” taking into account that the ionic
medium is different, is in agreement with the value
proposed in the present work.

Dependence on ionic strength was taken into account by
using a Debye-Hiickel-type equation, which has been
successfully employed to construct thermodynamic models
of various hydrolysis and complexation equilibria,”*>* and
to explain thermodynamic data of mixtures of electrolytes.*
In the MBM the individual activity coefficient of a charged
species is expressed by Eqn. (5) where A=0.511 dm®/?
mol~Y?, I is the ionic strength on the molar scale, Zy; the
charge of the M ion, Zx that of the ionic species with opposite
sign to M and cx its molarity.

AZIM?

log,yM = - 1 +Il/2

. cx
+ EX:BMX(\ZM\ + |Zx\)2’z (5)

Bux is expressed by Eqn. (6), where By is the interaction
parameter proposed by Bromley for each ion pair MX on the
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molar scale (mol dm~?).

(0.06 + 0.6Bux) | ZmZx|
2
15
[+ ()]
To calculate the activity coefficients in the case of uncharged
species, as the methylmercuric chloride, the MBM uses the
expression in Eqn. (7), where Syixionic medium 1S the salt
coefficient on the molar scale (dm>® mol™") of the neutral

species MX. Equation (7) is similar to that of Long and
McDevit.**

BMX = + BMX (6)

log IMX = SMX, ionic medium Cionic medium (7)

In general, the different equilibria taking place between
methylmercury and chloride or sulfate can be described by
Eqn. (4) and their thermodynamic stability constants can be
written as in Eqn. (8), where °f,, is the thermodynamic
stability constant, { } indicates activity, [ ] molar concentra-
tion and y denotes the molar activity coefficient.

o {(CHsHg)X} [(CHsHg)X]hch,mHgx
Mo {CHsHg ' H{X}  [CHsHg Jvcn,ng [XIx

Combination of Eqns (5-8) gives the expression in Eqn. (9)
for the chloride equilibrium and in Eqn. (10) for the sulfate
equilibrium, in which Byx are the functions of the
corresponding Bromley terms described in Eqn. (6).

. —AZ[V/?

1081 P =log® By — 2m
+ [BCHgHgﬂQo; ‘f‘Bcr,Na+ - SCH3HgC1.NaC104:| I 9)

. —AZIV/?

logl P = log’ 11 — 4@

. . . 9
+ [chHg*,clo4 _BCHgHgSO;Na*]I + [BsogaNa+] ZI (10)

By using the experimentally determined formation constants
(Table 2) and making use of the nonlinear regression analysis
program NLREG®® (with the Byavrcl Bna+sop- and
Bem,hg+clo; interaction parameters necessary for this fit
having already been determined previously®”) the values of
the thermodynamic constants, two Bromley interaction
parameters and the salts’ coefficients necessary to construct
the corresponding thermodynamic models were thus deter-
mined. Those values are as follows:

log® f;;=550+0.02 for CH3zHg"+Cl™ = CH3HgCl
log® f1;=2.00£0.02 for CHzHg"+S0,%" = CH;HgSO,"
SchsHgcINaclo, = —0.067 £ 0.004
Betgso; Nat = —0-330 £ 0.004

Figures 2 and 3 show the fit between the proposed
stoichiometric formation constant values and the theoretical
functions. As can be seen, the thermodynamic models
explain satisfactorily all the formation constant values.

Copyright © 2002 John Wiley & Sons, Ltd.
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Figure 2. Variation of log f311 for the CH3HgCI species with the
ionic strength in NaClO4 media: (—) theoretical function (MBM);
(@) experimental values.

Carbonate species

An appropriate treatment of the experimental data requires
the use of the carbonate acid-base stoichiometric constants at
the ionic strengths of the work for use in the calculations of the
methylmercury-carbonate complexes. As has been described
in the Experimental section, the study has been performed in
the alkaline zone in order to eliminate errors in the total
concentration of carbonate which occur at pH values below
8.5 due to the equilibria described in Eqns (11) and (12).

CO,(g) = COx(aq) (11)

COz(aq) + H,O = HyCO;3 (12)

In the pH working range, the chemical model for
carbonate only requires the use of the equilibrium
described in Eqn. (13).

HCO;™ = CO3* +H* (13)

The thermodynamic model of this equilibrium in NaClO,4

log B

0 0"5 1‘ 1i5 2‘ 2‘.5 f; 3‘.5

[ {mol-dm™)
Figure 3. Variation of log f14 for the CHzHgSO,4 species with the
ionic strength in NaClO4 media: (—) theoretical function (MBM);
(@) experimental values.
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log B4 o0 -

9.4 1
96 T

9.8 T

0 0‘.5 1‘ 1‘.5 é 2‘.5 C; 3‘.5 A‘t

1 (mol-dm™)
Figure 4. Values of the experimental (@) log 1 obtained from
literature together with the theoretical function (—) predicted by
the MBM thermodynamic model for the COg?~ + H* = HCO3
equilibrium.

Table 5. Proposed stoichiometric stability constants for
COz%~ + H" = HCO3 equilibrium obtained using the MBM
model at different ionic strengths in NaClO4

I (mol dm™2) log "f1 (COs>~ + H™ = HCO3)
0.1 9.901
0.5 9.626
1.0 9.535
3.0 9.587

Table 6. Different chemical models tested to explain the
carbonate experimental data at ionic strength 1.0 mol dm™
together with the sum of square errors for each fit and the
equilibrium constants obtained (log Brco, = 9.535 (present
Work), |Og ,BCH3HgOH =—-4.671 ,6 |Og ,B(CHgHg)ZOH* = *21856 as
known and constant parameters)

3

Model BSTAC

No. Species u logp

I HCO5;
CH;HgOH 67.3
(CH;Hg),OH*

I HCO;
CH;HgOH
(CH3Hg),OH "
(CH;HgCO3)~

11 HCO5;
CH;HgOH
(CH;Hg),OH™ 272
(CH3HgCO3)~
(CH;HgOHCO;)*~

294

—2.70+0.05

—-1.89 +0.09
14.37 £0.16
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Figure 5. Titration of methylmercury (8 x 1072 mol dm~3) and
carbonate (2.4 x 1072 mol dm~2) with HCIO,4 in 1.0 mol dm™3
NaClOy: (a) experimental data, — data predicted by
SOLGASWATER using only the hydroxide species; (b)
experimental data, — data predicted by SOLGASWATER also
using in the model the carbonate species (CHzHgCO3)™ as
proposed by Rabenstein et al.'? (log '811 = 6.10 in Na,SO,, ionic
strength <1.0 mol dm~2).

ionic medium was constructed by means of the MBM,*°
using the literature data®®* and some interaction par-
ameters obtained previously.'® The correlation between the
stoichometric constants and ionic strength is shown in
Figure 4. The corresponding calculated stoichiometric con-
stant values in NaClO, are summarized in Table 5.

With the calculated stoichiometric formation constants of
the carbonate protonation as known parameters, together
with the hydrolytic equilibria of methylmercury, several
chemical models of carbonate complexes were tested in an
attempt to explain the experimental data. As shown in Table
6 (data for the 1.0 mol dm™> ionic strength), no improve-
ments are detected in the fit by introducing different
methylmercury-carbonate complexes. Other chemical
models have been tested, but the results obtained were
always worse that those already mentioned. This is not in
agreement with the only study found in literature that
reports on carbonate complex studies.” The proton mag-

Appl. Organometal. Chem. 2002; 16: 339-346
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Log conc.
1 -
OH

HACOs HCO5 elory

MeHgOH

MeHgCOx

Figure 6. Theoretical logarithmic diagram of methylmercury
species as a function of the pH at 25°C and constant ionic
strength (NaClO,4, 0.1 mol dm~3) also using in the model the
carbonate species (CHsHgCO3)™ proposed by Rabenstein et
al'” (log 'B11 = 6.10 in Na,SOy, ionic strength <1.0 mol dm~3;

Cohrg =5 x 1072 mol dm™2, o, = 107 mol dm™2).

netic resonance and Raman spectroscopic studies of methyl-
mercury complexes of inorganic anions carried out by
Rabenstein et al."” led to a stoichiometric constant value for
a 1:1 complex of log 18,1=6.10 in NaySO, of ionic strength
<1.0mol dm >

A comparison between the experimental data and two
simulations of the potentiometric titration, achieved using
the computer program SOLGASWATER,* one without a
methylmercury-carbonate complex (Figure 5a) and the other
with the complex reported by Rabenstein et al.'” (Figure 5b),
shows a better fit for the simulation without the carbonate
complex, mainly in the last part of the titration curve-where
it is supposed to exist as the complex according to
Rabenstein et al.’” (Figure 6). So, in the conditions of this
study, no carbonate complexes are necessary to explain the
experimental data better. This result is in agreement with the
conclusions of Sammartano and co-workers,®> who estab-
lished that no carbonate complex is formed in natural
waters.

Speciation of methylmercury in natural waters
The thermodynamic models proposed here to explain the
complexation of methylmercury with chloride, sulfate and
carbonate, and that were proposed previously for the
hydrolysis of methylmercury,® constitute excellent tools to
simulate the chemical behaviour of methylmercury in
aquatic natural systems.

For example, some of the results presented in the present
work, together with other studies on mercury complexa-

45,46

tion, can be used to explain mercury methylation
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Figure 7. Distribution diagram of methylmercury species as a
function of the pH at 25°C and constant ionic strength (NaClOy,,
0.125 mol dm~3): (a) in a water sample without any other salt
(Comig = 1078 moldm™2, ~2 ug I "); (b) in a water sample with
Cl™ and SO4*~ (Cchg = 10 8 moldm™2, ~2pg I,
ccr=10"2moldm ™3, cso, =5 x 10~ mol dm™3).

dependence on pH and salinity.”*” The study of Compeau
and Bartha’ established a negative relationship between
methylation of mercury in sediments with an increase in
salinity. A decrease in methylation in carbonate medium in
comparison with chloride media is also reported. Those
authors explain this decrease by the formation of an HgCO;
complex that inhibits methylation. This is not fully true,
because it is well established that in natural waters, and
especially in estuarine or sea waters, chloride complexes of
mercury(Il) are more stable than carbonate complexes.*>*®
The increase in methylation in chloride media compared
with carbonate media can be explained by taking into
account the formation of a methylmercury-chloride complex
that displaces the reaction towards methylation. In carbonate
media there is no complex to displace the reaction.

In a general sense, we can conclude that the aqueous
species and solid forms of chemical elements in natural

Appl. Organometal. Chem. 2002; 16: 339-346
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aqueous systems are typically established by the specific
local and chemical environment of the system. The chemical
context that determines the specific distribution of species of
an element is system dependent. In addition, the biological,
chemical, and physical characteristics of such natural
systems vary in time and space. To appreciate the impor-
tance of the species formed with the main salts present in
natural waters, two molar fraction diagrams have been
constructed using the MEDUSA program,*® and employing
the stability constants proposed in this and previous studies®
(Figure 7). As can be observed in this figure, in the pH range
of most important natural waters (freshwater pH 7.5,
seawater pH 8.2) methylmercury is hydrolysed, but in the
presence of CI~ and SO,>~ anions, high percentages of the
complexes are formed. Therefore, it is necessary to know the
real conditions of the natural water (pH, salinity, chloride
and sulfate content, etc.) in order to predict exactly the
distribution of methylmercury species.
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