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Abstract

The rate constant for Hg�#�OH, k
��

�
�

���
"(2.4$0.3)�10� M�� s��, in the aqueous phase was determined using

a relative rate technique with methyl mercury as reference compound. The �OH initiated mercury reaction proceeds via
the molecular Hg(I) radical which is oxidised to Hg(II) by dissolved O

	
. The reaction can be of importance under certain

atmospheric circumstances, such as when the aqueous phase capacity of forming OH radicals is signi"cant and the gas
phase concentration of ozone drops. The same end product, i.e. Hg(II) was observed from the photodegradation of
methylmercury hydroxide. In this case, molecular Hg(I) radicals are again likely to be formed after photodegradation of
the Hg}C bond with subsequent oxidation. A lifetime of 230 h of methylmercury at outdoor conditions was estimated
due to this reaction. The action of �OH on methylmercury species also involves breaking of organometallic bonds and
formation of Hg(II). Speciation of these reaction products from methylmercury is important for the estimation of
biogeochemical cycling of mercury. � 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Mercury is present in the atmosphere mainly in its
elemental form with a residence time of about 1 year
(Lindqvist et al., 1991). Emissions of mercury can be both
natural and anthropogenic, such as soil degassing, evas-
ion from water surfaces and emissions from incinerators.
Physical removal processes become important "rst after
oxidation due to drastically increased water solubility.
Even low concentrations of oxidised mercury are impor-
tant for the biogeochemical cycling of the metal. In its
oxidised form mercury is water soluble and will readily
deposit through dry and wet processes. Once the mercury

is transferred into oxidised state, it can be methylated
(Compeau and Bartha, 1985) and are thus available for
bioaccumulation. The oxidation can take place in the gas
phase, in the aqueous phase or heterogeneously on par-
ticle surfaces. Contrary to particles in the lower tropo-
sphere, stratospheric aerosols are reported to contain
considerable amounts of mercury (Murphy et al., 1998).
A plausible explanation is a faster formation of HgO in
the gaseous phase reaction between Hg� and O



(Hall,

1995), which is more dominant in the stratosphere due to
a higher O



concentration. In the troposphere, the sour-

ces of oxidised mercury are presumably more diverse.
Identi"ed pathways for the gas-phase oxidation of Hg�,
besides that of O



, include the �OH (Sommar et al., 2001)

and NO


radical (Sommar et al., 1997) and many closed-

shell molecules such as Cl
	
, HCl, and H

	
O

	
. Elemental

mercury has been shown to be oxidised by O


in the

aqueous phase (Iverfeldt and Lindqvist, 1986; Munthe,
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1992). In a recent study Lin and Pehkonen (1998),
showed that HOCl/OCl� could also oxidise Hg�.

Photochemical activity may largely e!ect the diurnal
and seasonal variations of oxidised gaseous mercury in
the troposphere (Lindberg and Stratton, 1998; Sommar
et al., 1999). The �OH radical is a daytime oxidant. It is
photolytically produced and reacts with most trace con-
stituents in the atmosphere. The concentration in water
droplets is dependent on the OH concentration in the gas
phase and direct production in the aqueous phase. In
contrast to atomic mercury, methyl mercury species such
as CH



Hg� and CH



HgOH are readily degraded by

�OH but not by O


in the aqueous phase (HoigneH and

Bader, 1978; Munthe, 1992). Dissolved methylmercury
can also undergo photodecomposition, which in lakes is
an important sink comparable to biotic demethylation
processes (Sellers et al., 1996). It has not been known
if the photodecomposition process produces Hg�. If it
does, the amount calculated by Sellers and co-workers
would in some studies be enough to in#uence the Hg�
#ux to the atmosphere from lakes. Identi"cation of
photodegradation end products from methylmercury
is thus necessary for a realistic estimation of the in-
#uence of methylmercury on Hg� #uxes. Therefore, this
study includes a product study of methylmercury
photodegradation.
In the previous study of the Hg�#�OH reaction, Lin

and Pehkonen (1997) employed a steady state approach
to control the �OH concentration by using an excess of
benzene and oxidising a small fraction of Hg� applied in
a set-up similar to the one described here. The oxidation
rate derived from the experiment (&2}3% h��) is of the
same magnitude as the loss rates observed in our system
during dark control experiments. Their experiments were
performed in deaerated solutions and the oxidation of
Hg� to divalent inorganic mercury (Hg(II)) was only
attributed to the reaction with �OH. In order to exclude
oxidative scavenging of monovalent inorganic mercury
(Hg(I)) by oxygen, it is necessary to keep the O

	
concen-

tration below that of �OH, which is not easily achieved.
The in#uence of photoreduction and the oxidation of the
product phenol with the �OH was not mentioned or
discussed.
This further study of rate coe$cient for the

Hg�#�OH reaction was needed to supply a reaction
mechanism and reliable data for atmospheric modelling
within the integrated Mercury Over Europe (MOE) pro-
ject. The rate constant for Hg�#�OH in the aqueous
phase was determined by using a relative rate technique
with methyl mercury (MeHg) as reference compound.
The in#uence of photolysis of the reactants and products
is crucial in the determination and consequently a prod-
uct study has been carried out. Additionally, by compar-
ing the coe$cients obtained for photodecomposition of
the hydroxides of methyl mercury and Hg(II) and a refer-
ence value for natural conditions for the latter, the life-

time of methylmercury due to photodegradation in natu-
ral waters was estimated.

2. Experimental

2.1. Material and equipment

The mercury species analysed in this study were el-
emental mercury, methylmercury and divalent inorganic
fractions. In this context, inorganic mercury (Hg

�����
) is

represented by atomic and divalent mercury. The atomic
mercury was detected after being transferred into the gas
phase. Discrimination between divalent inorganic and
organic mercury was achieved by addition of stannous
chloride (SnCl

	
). Hg(II) species are readily reduced to

Hg� by SnCl
	
, while methyl mercury is una!ected. The

methyl mercury concentration was determined as inor-
ganic mercury after oxidation of the Hg}C bond by
bromine chloride solution and reduction of excess BrCl
by NH

	
OH )HCl. The methylmercury hydroxide stock

solution contained &10% inorganic mercury partly ori-
ginating from the solid methylmercury chloride (Riedel
de HaeK n). Hence, the actual methyl mercury concentra-
tion ([MeHg]) was calculated from the di!erence be-
tween the initial concentration of inorganic mercury and
the "nal one obtained after the BrCl oxidation. Since
the oxidation demands extended time, [MeHg] was
monitored indirectly during the experiments using the
following equation:

[MeHg]
�
"[MeHg]

�
![Hg

�����
]
�
#[Hg

�����
]
�
, (1)

where subscripts 0 and t refer to the reaction time at zero
and t. By measuring the inorganic mercury concentration
[Hg

�����
]
�
and using the known concentrations of ini-

tially added methyl mercury and Hg
�����

, [MeHg]
�
can

be calculated.
A schematic diagram of the experimental set-up is

shown in Fig. 1. The reaction vessel was a 2 l FEP Te#on
bottle capped with a silicon}rubber stopper with
moulded-in silicon}rubber drop tubes used for extracting
aliquots for analysis of Hg� and Hg

�����
. In order to

minimise losses of atomic mercury, the reactor was kept
open to mercury saturated air through one of the tubes
during the experiment. The stream for Hg� analysis was
carried to a gas}liquid separator by means of a time-
controlled peristalic pump. The elemental mercury was
transferred to the gas phase in a #ow of nitrogen. The
carrier gas stream was stripped from moisture in a drying
system (PermaPure Inc.) and subsequently analysed for
Hg�. The mercury pulse obtained was monitored with
a Zeeman-modulated atomic absorption spectrometer
(Semtech 2000 Hg analyser, Semtech AB) and acquired
on a personal computer with a integration time of 1 s.
Hg

�����
was determined using an automated Hg analyser
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Fig. 1. Schematic diagram of the experimental set-up.

(Millennium Merlin, PSA Ltd.) for aqueous phase based
on cold vapour atomic #uorescence spectrometry. The
instrument has a broad working range that spans over
6 orders of magnitudes with a detection limit of (1 ppt
claimed by manufactures data sheet. In this study the
instrument was operated in ppb range. Atomic and inor-
ganic mercury in the sample were detected after liber-
ating Hg� by purging it with argon gas preceded with or
without mixing in the reducing agent SnCl

	
, respectively.

The 2% SnCl
	
solution was puri"ed from traces of mer-

cury by purging with mercury free nitrogen overnight
before use. The instrument was calibrated by adding
5}100 ppb solutions of HgCl

	
made up from

a 1001 ppmHg(NO


)
	
stock solution. As diluted mer-

cury solutions undergo losses during storage, all mercury
working solutions were freshly prepared prior to each
experiment. The light source used for photolysis experi-
ments was a collimated 450 W Xenon lamp (Oriel Corp.
Model 66066) "tted with a "lter (Oriel Corp.51225)
blocking out radiation with �(290 nm.

2.2. Speciation in experimental solution

All chemicals used were of reagent grade andMillipore
MQ-water was used throughout the study. In particular,
methylmercury species are very toxic and should be han-
dled with extreme care and safety precautions. In the
relative rate experiments, solutions of atomic mercury
were initially prepared by bubbling air saturated with
mercury through puri"ed water (Millipore MQ-water)
stirred with a magnet. The gas was saturated when pas-
sing through a re#ux distillation of mercury. The Hg�
(aq) concentrations obtained by this method were in the
range 15}30 ppb. Aliquots of CH



HgCl added to the

reactor, yielding an initial concentration of 25$1 ppb of
methylmercury complexes. The pH of the solution was
kept at 7.9 with a phosphate bu!er in accordance with
the determination of the MeHg #�OH reference reac-
tion (Zepp et al., 1987). As can be seen in Fig. 2, the
dominant methylmercury species are methylmercury hy-
droxide and methylmercury hydrogenphosphate. The
solution was kept dark when dissolving &70 mg
NaNO



in the OH radical experiment. Nitrate molar

concentrations were at least 2 order of magnitude higher
than those of the mercury reactants but lower than
0.5 mM where deviation of linearity is reported to occur
(Zepp et al., 1987). The solution was then exposed to
arti"cial sunlight yielding photodecomposition of nitrate
ions with the major (90%) pathway:

NO�



��
P NO

	
#O� (2)

at the absorption maximum between 305 and 355 nm.
The pK

�
of the OH radical is 11.9, so that at the pH used

in these experiments encountered the O� radical be-
comes rapidly protonated:

O�#H
	
OP�OH#OH�. (3)

The temperature was 22$13C throughout the experi-
ments. Additional experiments were made in order to
determine the in#uence of photodecomposition of alka-
line solutions of methyl mercury and Hg(II). By monitor-
ing the concentration-time dependence of the mercury
fractions analysed when radiating the species separately
in MQ-water with added bu!er, kinetics and product
distribution can be obtained. Dark control experiments
were performed in order to evaluate the decomposition
of methylmercury from trace impurities. Similar runs
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Fig. 2. Methyl mercury species as a function of pH.

were performed with the inorganic mercury forms en-
countered as well. Evaporation losses of Hg� from the
reactant solution were evaluated.

2.3. Relative rate kinetic technique

A convenient way to determine rate coe$cients in
a static system is to use competition between two species
for the OH radicals. It is essential that the coe$cient of
the competing reference reaction is well known. To ob-
tain reliable results, it is important if the investigated and
the reference rate coe$cients are of the same magnitude.
It is also advantageous if the reference species can be
accurately measured at a concentration level similar to
that of Hg� present in the reactor. Moreover, by using
another mercury species, MeHg, as the reference com-
pound, it is convenient to use the same equipment and
detection method. Zepp et al. (1987) determined the rate
for the reaction between MeHg and �OH in phosphate
bu!er. Consequently the relative rate experiments were
performed under the same conditions. The oxidation of
Hg� by the OH radical is initiated by the reaction:

Hg#OHPHgOH. (4)

The oxidation step from Hg(I) to Hg(II) is fast (see reac-
tion (11) and (12)). The reaction of MeHg with �OH
radicals yields inorganic mercury forms (Zepp et al.,
1987):

MeHg#�OHPHg
�����

#products. (5)

Additionally, methylmercury is photodegraded (Inoko,
1981):

MeHg ��
P Hg

�����
#products. (6)

The derived rate laws are as follows:

d[Hg�]/ dt"!k
�
[Hg�][�OH] (7)

and

d[MeHg]/dt"!k
�
[MeHg][�OH]!k

�	
[MeHg], (8)

where k
�
"1.2�10� M�� s�� (Zepp et al., 1987).

Integration of Eqs. (7) and (8) followed by elimination
of ��

�
[�OH]dt by dividing them yields:

ln
[Hg�]

�
[Hg�]

�

"

k
�

k
�

��ln
[MeHg]

�
[MeHg]

�

!k
�	

t�. (9)

Using the relationship in (1) transforms (9) into

1

t
ln
[Hg�]

�
[Hg�]

�

"

k
�

k
�

�
1

t
ln

[MeHg]
�

[MeHg]
�
![Hg

�����
]
�
#[Hg

�����
]
�

!

k
�

k
�

�k
�	
. (10)

Where [Hg
�����

]"[Hg�]#[Hg	�]. The rate coe$cient
k
�

can thus be obtained from the slope of a plot of
ln([Hg]

�
/[Hg]

�
)/t vs. ln ([MeHg]

�
/[MeHg]

�
)/t.

3. Results and discussion

3.1. Reactions for Hg�, Hg(I ) and Hg(II )

A series of Hg/MeHg/NO�


/bu!er aqueous solutions

were irradiated over a period of approximately 40 min.
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Fig. 3. Photodecomposition of methylmercury as a function of
time.

Fig. 4. Relative rate plot for determination of k
�
showing the

time dependent unlinearity behaviour due to Hg� replenish-
ment.

All runs resulted in plots of ln([Hg�]
�
/[Hg�]

�
)/t vs.

ln([MeHg]
�
/[MeHg]

�
)/t with the data con"ned to a nar-

row interval, resulting in large uncertainties of k
�
. In

order to obtain a more accurate determination, the
photodecomposition frequency of methylmercury was
determined in separate experiments. A corresponding
"rst-order plot is shown in Fig. 3. Irradiation of MeHg
solutions yielded, independently if bu!er was applied or
not, a k

�	
of (2.2$0.2)�10�
 s�� (cf. Photodecomposi-

tion of methylmercury). By applying Eq. (9), k
�
may now

be extracted from the slope of a plot of ln([Hg�]
�
/[Hg�]

�
)

vs. ln([MeHg]
�
/[MeHg]

�
)!k

�	
t. The experimental

data however gave plots that slightly deviates from lin-
earity by a downward curvature. An example of such
behaviour from an experiment is shown in Fig. 4. The
curvature shows that elemental mercury is replenished in
at least one reaction opposed to the consumption caused
by �OH and that the relative importance of this reaction
increases with time. In order to identify possible path-
ways to explain this, it is essential to know the product
species in the reactor. In the experiments, 60}80% of the

applied mercury species were consumed. Hg� reacts with
�OH in reaction (4) forming a molecule radical �HgOH
intermediate that is assumed to be the dominant Hg(I)
species in the aqueous phase, at present conditions, since
pK

�
of Hg� is &5 (Fujita et al., 1975). �HgOH may

undergo oxidation by reaction (11) and (12) or dimerisa-
tion by (13) or reduction by (14) and (15):

�HgOH#�OHPHg(OH)
	
, (11)

�HgOH#O
	
#H

	
OPHg(OH)

	
#H�#O�

	
, (12)

2 �HgOHPHg
	
(OH)

	

�(with rapid disproportion to Hg� and Hg(II)), (13)

�HgOH#h�PHg�#products, (14)

�HgOH#O�
	

P#Hg�#O
	
#OH�. (15)

The rate coe$cient for reaction (11) is about one order
of magnitude higher than that of reaction (12)
(k

��
&10��M�� s��, Nazhat and Asmus, 1973;

k
�	

&10�M�� s��, Nazhat and Asmus, 1973; Pikaev et
al., 1975), but since [O

	
]<[�OH] in air saturated solu-

tions, reaction (12) will completely dominate the oxida-
tion of Hg(I) to Hg(II) species. The concentration of �OH
radicals in our system was estimated from the rate of the
reference reaction and found to be in the order of
100 f M. The rate coe$cient for dimerisation (13) is
&2�10� M�� s�� (Fujita et al., 1975). The modelling
study by FACSIMILE described below shows that
�HgOH is present in concentrations even lower than that
of �OH due to e$cient oxidative scavenging by oxygen.
Therefore, the in#uence of dimerisation can be precluded
in aerated solutions. The importance of reaction (14) was
estimated relative to the likewise photoinduced reduction
of Hg(OH)

	
to Hg� occurring concurrently:

Hg(OH)
	

��
P Hg�#products. (16)

The frequency of reaction (16) was determined to be
0.6�10�
 s�� in our system. k

�

was estimated to be two

or three magnitudes larger than k
��

using extinction
coe$cients 1}10 and &2000 M�� cm�� from Xiao et al.
(1994) and Fujita et al. (1975) for Hg(OH)

	
and �HgOH,

respectively, provided that both species absorbing in the
same actinic region. In order to quantify the importance
of reaction (16) it is essential to determine the oxidation
state of the inorganic mercury formed in reactions (5) and
(6). At the present pH, rapid disproportion of Hg

	
(OH)

	
,

formed in reaction (13), to Hg� and Hg(II) occurs due to
e$cient complexation of Hg(II). But, as implied, the
concentration of Hg

	
(OH)

	
is negligible and has no

importance. The photodecomposition as well as the
oxidation of methylmercury fractions by �OH was
observed to, principally, only produce divalent mercury
except small amounts of Hg� likely to originate from
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Table 1
Possible reactions and lifetimes � for �HgOH in the experimental
system. In addition, �

�	
and ����

	
are also relevant for atmo-

spheric water

Reaction � (s)

�HgOH#�OHPHg(OH)
	

10

�HgOH#O

	
#H

	
OPHg(OH)

	
#�O�

	
#H� 4�10��

2 �HgOHPHg
	
(OH)

	
'5�10


�HgOH#h�PHg�#products 8.3}83
�HgOH#�O�

	
PHg�#O

	
#OH� 1�10�	

Fig. 5. Speciation of Hg(II) as a function of pH under experimental conditions.

photoreduction of Hg(OH)
	
. The relative importance of

Hg(OH)
	
formed essentially by reactions (5), (6) and (12),

as a source of Hg� increases with time. Consequently, the
relative rate approach is invalidated by this secondary
reaction resulting in unlinear plots. The superoxide rad-
ical anion, �O�

	
observed by Jungbluth et al. (1976) is

formed in reaction (12) and counteracting the oxidation
of mercury by reaction (15). The unbalanced reaction (17)
may occur in several steps and the overall rate coe$cient
for the reaction at pH above and below pK

�
(HO�

	
)&4.8

was studied by Pehkonen and Lin (1998).

Hg(II)#HO �
	
/�O�

	

��������

&&� Hg�#H�,O

	
. (17)

The corresponding reduction rate (k
��

"1.7�10

M�� s��) was not observed to signi"cantly depend on
pH and subsequently on Hg(II) speciation. In the same
work, the reduction of mercury is assumed to proceed via
the Hg(I) intermediate, which reacts with �HO

	
/�O�

	
very fast forming Hg�. Reduction via Hg(I) as an
intermediate, i.e. reaction (15), is very unlikely because

this species would immediately react with oxygen, with
subsequent oxidation to Hg(II) (Nazhat and Asmus,
1973; Pikaev et al., 1975) rather than react with HO

	
.

Table 1 includes the lifetime �"k��
	���������

; k��[ox]��;
k��[red]�� of �HgOH due to reactions (11)}(15).
The lifetime for �HgOH due to reaction with �O�

	
at

di!usion limited rate is incorporated. The calculation
was based on the predicted maximum concentration of
�O�

	
(10 nM) during an experiment in this work. This

value is likewise representative for �HO
	
in atmospheric

water hence the lifetimes of �HgOH for both reactions
(12) and (15) are comparable under atmospheric
conditions.
It is evident that � of �HgOH is entirely determined by

the O
	
oxidation step (12) with an expected lifetime of

a few �s in oxygen saturated solution. The lifetime due to
reaction (14) is of order of minutes is adjacent to �

��
and

�
�

. The �HgOH radical may also equilibrate with hydro-

gen phosphate ligands in the bu!er solution. This is not
considered to in#uence the oxidation of Hg(I) by
O

	
since this reaction is so fast that even a minor fraction

of �HgOH complex is enough to make this oxidation
pathway being dominating.
The oxidation of �HgOH eventually yields inorganic

divalent mercury. The speciation of Hg(II) as a function
of pH under the experimental conditions is shown in Fig.
5. The corresponding diagram for methylmercury species
is given in Fig. 2. The species considered in the equilib-
rium calculations are given in Table 2.

3.2. The rate of reaction between Hg� and the OH radical

The rate coe$cient for reaction (4) was determined
from three experiments, where the concentrations of
methylmercury, atomic mercury and total inorganic mer-
cury were followed and that of �OH was simulated from
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Table 2
Species considered in equilibrium calculations

Equilibrium reaction Log K Reference

CH


Hg�#HPO	�



P[CH



HgHPO



]� 5.0 Schwarzenbach and Schellenberg (1965)

CH


Hg�#OH�PCH



HgOH 9.4 Schwarzenbach and Schellenberg (1965)

2CH


Hg�#OH�P[(CH



Hg)

	
OH]� 2.4 Libich and Robenstein (1973)

Hg	�#OH�PHgOH� 10.6 Dyrssen and Tyrell (1961)
Hg	�#2OH�PHg(OH)

	
21.9 Dyrssen and Tyrell (1961)

Hg	�#3OH�P[Hg(OH)


]� 20.9 Garett and Hirschler (1938)

2Hg	�#OH�P[Hg
	
OH]� 10.7 Ahlberg (1962)

Hg	�#HPO
�



P[HgHPO


]� 9.5 Quarfort-Dahlman (1975)

3Hg	�#PO
�



#3OH�P(HgOH)


PO



(s) 21.4 Quarfort-Dahlman (1975)

Hg	�#2OH�PHg(OH)
	
(s) 25.4 Dyrssen and Tyrell (1961)

3Hg	�#2PO
�



PHg


(PO



)
	
(s) 49.4 Quarfort and Dahlman (1975)

Hg	�#HPO	�



PHgHPO


(s) 13.1 Quarfort and Dahlman (1975)

Hg	�#H
	
OPHgO(s)#2H� !2.45 Hietanen and HoK gfeldt (1976)

Fig. 6. Computed best-xt trace (line) to experimental observa-
tion (circles).

the disappearance of the reference chemical. Least
squares "tting of the required rate coe$cient k

�
was

made using the FACSIMILE software (Chance et al.,
1987). The model consisted of reactions (5)}(7), (11)}(13)
and (16). Analysis by FACSIMILE demonstrated gener-
ally a good "t between simulation and experiment. In
Fig. 6 is shown the computed best-xt trace to the observa-
tions in one of the experiments. The resultant curve
"tting including all experiments gave k

�
"(2.4$0.3)

�10� M�� s��.
Thus, our results tend to support a value of k

�
some-

what higher than that determined by Lin and Pehkonen
(1997). In the same work, an assessment concerning the
relative importance of oxidation of Hg� by �OH radicals
compared to the oxidation by ozone, which was deter-
mined by Munthe (1992), was made. Lin and Pehkonen
concluded that the reaction with �OH radicals is domi-
nant only if the aqueous phase concentration of ozone is
low (less than 50 pM,&4 ppb in the gaseous phase),
provided an �OH (aq) concentration of 10 pM. We as-
sume that such scenario is rather unusual since the �OH
radical concentration in atomospheric water is partly
dependent on the gas phase concentration of ozone from
which it can be produced in the gas and aqueous phase.
However, direct formation of �OH radicals in the liquid
phase can be of the same magnitude (Faust, 1994). Exam-
ples of such production are photoformation by absorb-
ance of aqueous-phase nitrites (Arakaki et al., 1999) and
nitrates (Zepp et al., 1987), and by the ferrioxalate/H

	
O

	
system (Hislop and Bolton, 1999). Furthermore, aqueous
photo formation of superoxide radical �O�

	
, will mediate

the destruction of tropospheric ozone and can in cloudy
environment be signi"cant (Faust, 1994). Since several of
the aqueous phase sources for �OH radicals are originally
dependent on oxidation processes in the gas phase, and
some will be able to produce ozone in the aqueous phase,

the oxidation of Hg with �OH radicals from di!erent
atmospheric sources is clearly a subject for modelling
studies.

3.3. Photodegradation of methylmercury

The photodecomposition of methylmercury including
kinetics and mechanisms was studied in separate experi-
ments. Irradiation of MeHg solutions yielded indepen-
dently if phosphate bu!er was applied or not, a k

�	
of

(2.2$0.2)�10�
 s��. Using the ratio k
�	
/k

��
&4 ob-

tained in this work and the value of 3�10�� s�� esti-
mated for k

��
at summer and 603N by Xiao et al. (1994),

a lifetime of 230 h of methylmercury at outdoor condi-
tions can be estimated due to this reaction. This is ac-
cording to a solution composition given by Fig. 2 or in
MQ-water. Since the photo reactivity might very well be
a!ected by the ligand bonded to the methylmercury
entity (Baughman et al., 1973), it should be noticed that
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the same result was obtained in MQ-water with and
without phosphate bu!er added. The result supports the
unpublished data mentioned by Sellers et al. (1996), that
several comparisons of photodegradation rates in di!er-
ent lakes show no di!erences in rates due to water chem-
istry. Inoko (1981) proposed the initial step of the
methylmercury photolysis to be the cleavage of the Hg}C
bond forming a Hg(I) molecule radical:

CH


HgX ��

P CH


#HgX. (18)

The HgX entity can undergo oxidation, dimerisation and
reduction by reactions (12), (13), (14) and (15) respective-
ly. At very high methylmercury concentrations, as in the
experiments by Inoko (1981) (&5 g l��), the formation
of mercurous compounds was reported which is compat-
ible with reaction (13) as well as with the low solubility of
Hg	�

	
salts. In more diluted solutions, similar to our

conditions and in natural waters, oxidation of Hg(I) by
dissolved oxygen to Hg(II) readily dominates (see pre-
vious section) which is in accordance with the results
obtained in this work.

4. Conclusions

� The oxidation of Hg� initiated with �OH radicals in
aqueous phase proceeds via the molecular Hg(I) rad-
ical �HgOH. By comparing lifetimes for �HgOH due to
di!erent conceivable reactions, it is evident that the
fate of �HgOH in presence of oxygen is oxidation to
Hg(II).

� The reaction between Hg� and �OH can be of import-
ance under certain atmospheric circumstances, such as
when the aqueous phase capacity of forming �OH
radicals is signi"cant and the gas phase concentration
of ozone drops.

� Hg(II) was also observed from the photodegradation
of methylmercury hydroxide. In this case, Hg(I) rad-
icals are again likely to be formed after photodegrada-
tion of the Hg}C bondwith subsequent oxidation. The
action of �OH onmethylmercury also involve breaking
of organometallic bond and formation of divalent mer-
cury. Speciation of these reaction products from
methylmercury is important for estimation of the in#u-
ence of methylmercury on Hg� #uxes, and the assess-
ment of biogeochemical cycling of mercury.
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