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Abstract Mercury (Hg) reduction by humic substances
(HS) in the aquatic medium under the dark condition is
a poorly understood but important process in Hg bio-
geochemical cycling. In this study, an effort was made
to provide a better understanding of Hg(II) reduction by
well-characterized humic substances under dark condi-
tion. Reduction of Hg(II) by dissolved HS in aquatic
systems increases with increasing Hg loading.
However, Hg(II) reduction gradually decreases with the
increasing total S content and oxygen containing func-
tional groups in the dissolved HS under dark condition.
Increasing major cation concentration decreases the rate
of Hg(II) reduction in aquatic systems. High concentra-
tion of Ca2+ ion slows down the intermolecular electron
transfer from HS to Hg(II) and inhibits the formation of
Hg0 in absence of light. This study indicates that com-
plexation of Hg(II) and HS is essential for Hg reduction
under dark condition.

Keywords Hg reduction . Abiotic Hg reduction . Hg
reduction in dark . Humic substances . Hg evasion processes

Introduction

Mercury (Hg) is a high priority global pollutant (Zhu et al. 2016;
Chakraborty 2017). The high toxicity and hazardous impacts of

Hg on the environment have increased awareness onHg pollution
(Boening 2000; Jiang et al. 2015). Mercury is released into the
environment as the results of different natural and anthropogenic
processes, and these processes play a significant role in Hg bio-
geochemical cycling (Lamborg et al. 2012; Rocha et al. 2000;
Kim and Fitzgerald 1986). Abiotic and biotic reductions of Hg(II)
are the two important routes for Hg emission from the aquatic
systems. Mercury undergoes both complexation and reduction
reactions with humic substances (HS, a major component of dis-
solved organic carbon) in the marine environments (Chakraborty
et al. 2015a; Chakraborty and Babu 2015). Complexation reac-
tion of Hg with HS may lead to forming thermodynamically
stable Hg–humate complexes in the natural environment
(Vudamala and Chakraborty 2016). HS in the aquatic system
can also reduce Hg(II) to Hg0 and control Hg speciation in the
aquatic environments (Zheng et al. 2012; Zheng and Hintelmann
2010; Gu et al. 2011; Chakraborty et al. 2015b; Allard and
Arsenie Arsenie 1991). Although HS acts as the electron donor
in natural system, the mechanisms of HS mediate Hg(II) reduc-
tion with or without light are different and not exactly known
(natural system, the mechanisms of HS mediate Hg(II) reduction
with or without light are different and not exactly known (Zheng
and Hintelmann 2010). Abiotic photo-reduction of Hg(II) by HS
in the aquatic environment has been well documented in the
literature (O'Driscoll et al. 2006; Lanzillotta et al. 2002; Tseng
et al. 2004; Bonzongo and Donkor 2003). Photo-reduction of
Hg(II) has been reported to decrease with increasing concentra-
tion of dissolved organic carbon (DOC) in aquatic systems
(Rolfhus and Fitzgerald 2001; Amyot et al. 1997). However,
significant increase in Hg(II) reduction (with increasing reduction
rates) has been reported with increasing concentration of DOC in
an aquatic system (O’Driscoll et al. 2004; Costa and Liss 1999;
Xiao et al. 1995). Aquatic DOC has also been reported to have an
inhibitory effect on Hg(II) reduction (Rocha et al. 2000; Mauclair
et al. 2008). These apparently opposing results (from the litera-
ture) indicate an incomplete understanding of the exact mecha-
nism of Hg–DOC interactions in aquatic environments.
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The ratio of –COOH/–OH groups and the sulphur content in
HS has been reported to influenceHg(II) reduction process in the
aquatic systems (Chakraborty et al. sulphur content in HS has
been reported to influenceHg(II) reduction process in the aquatic
systems (Chakraborty et al. 2015b). Abiotic reduction of Hg(II)
by HS has been reported to depend on pH, salinity and redox
condition of aqueous medium (Zheng et al. 2012; Chakraborty
et al. aqueous medium (Zheng et al. 2012; Chakraborty et al.
2015b; Chakraborty et al., 2014). Abiotic reduction of Hg(II) in
the natural aquatic environment by HS under the dark condition
is an important but poorly understood process. The exact mech-
anism of Hg(II) reduction by HS in aquatic environment under
dark condition is not known.dark condition is not known.aquatic
environment under dark condition is not known.

Major cations in the aquatic environment have been reported
to screen binding sites ofHS and prevent other trace/heavymetals
to undergo complexation reactions (Chakraborty and Chakrabarti
2006). Thus, the presence ofmajor cations in an aqueousmedium
is expected to influence Hg–HS complexation in the aquatic
medium. There is no information available on the effect of vary-
ing concentrations of Ca2+ (a major cation) on Hg(II) complexa-
tion and reduction by HS under dark condition. The impact of
varying concentrations of Ca2+ ion is expected to provide a better
understanding of Hg(II) reduction processes in an aqueous medi-
um under dark condition. The aims of this study were to (1)
estimate Hg(II) reduction rate by different well-characterized
HS at varying [Hg]/[HS] ratio, and (2) understand the impact of
varying major cation concentrations on Hg(II) reduction. An ef-
fort was made to understand the mechanism of Hg(II) reduction
by HS under the dark condition in the aquatic environments.

Materials and methods

Cleaning procedures for containers

Teflon containers used in this study were to minimize Hg ad-
sorption on the wall of the containers (Chakraborty et al. 2015b).
All the containers, cleaned with soap and then with ultrapure
water, were filled with 10% (v/v) nitric acid (HNO3) and kept
at the room temperature for 7 days. The acid filled containers
were then rinsed with ultrapure water, and filled with ultrapure
water. The filling water was replaced daily. Quartz boats, used
for Hg measurement, were pre-cleaned by heating at 800 °C.

Reagents

The stock solutions (1000 mg dm−3) of Hg and Ca (ICP stan-
dards) were obtained fromMerck, Germany. Ten percent (v/v)
of HNO3 solution was prepared from the ultrapure HNO3

obtained from Merck, Darmstadt, Germany. Potassium per-
manganate (KMnO) crystal, analytical grade, was obtained
from Merck, Mumbai, India.

Preparation of well-characterized humic and fulvic acid
solution

The well-characterized humic substances, obtained from the
International Humic Substance Society (IHSS; MN, USA),
were used in this study. Suwannee River humic acid (cata-
logue no. 2S101H) (SRHA), Suwannee River fulvic acid (cat-
alogue no. 1S101F) (SRFA), and Eliot soil humic acid (cata-
logue no. 1S102H) (ESHA) were used as representatives of
DOC in this investigation. Table 1 presents elemental compo-
sitions, concentrations of carbohydrate, carboxylic (−COOH),
and phenolic–OH groups in SRHA, SRFA, ESHA. The stock
solutions of SRHA, SRFA, and ESHAwere prepared by dis-
solving approximately 0.1 g of the HS (individually and sep-
arately) in 100 cm3 of ultrapure water. The pH of the solutions
adjusted to 10 by addingNaOH. The HS completely dissolved
at pH 10. The solutions further filtered through 0.45-μm cel-
lulose acetate filters, and pH was adjusted to 8.0 by using
ultrapure HNO3 (as described in Chakraborty et al. 2015b).
The solutions stored in the dark at 4 °C.

Reduction experiments of Hg(II)

A series of model solutions were prepared to know about
Hg(II)–HS interaction and Hg(II) reduction in the aquatic envi-
ronment under dark condition. The model solutions contained
5.0 mg dm−3 of HS (SRHA, SRFA, ESHA) (separately) in
ultrapure water with varying concentrations of Hg(II). The con-
centrations of all theseHSwere kept constant. The concentration
of Hg(II) in model solution varied from 5 × 10−9 to
125 × 10−9 M. The concentration range of Hg used in this study
was high but comparable to some of the polluted coastal waters
of India (Table 2) (Balchand and Nambisan 1986;
Krishnakumar and Pillai 1990; Selvaraj et al. 1999; Satpathy
et al. 2008b). The solution was prepared and kept under dark
condition. The concentration of major cation (Ca2+) was varied
from 0 to 0.1 × 10−3 M in solutions containing constant [Hg]/
[HS] ratio. The concentrations of Hg (∼25 × 10−9 M) and HS
(5 mg kg−1) in solutions were kept constant to maintain a con-
stant [Hg]/ [HS] ratio. The pH of the solutions, measured by
using a pH meter (Metrohm, 827 pH Lab, Switzerland), was
adjusted by using ultrapure NaOH and HNO3 (as described in
Chakraborty et al. 2015). The reductions of Hg(II) by different
HS were monitored continuously for 144 h. The pH of each
solution was checked yet again immediately at the end of the
experiments. Each experiment also included a control. The con-
trol solution contained all the reagents except HS. Elemental
mercury was trapped in oxidizing solution (containing KMnO4

andHNO3). The detailed description ofHg-trap system has been
described in Chakraborty et al. (2015b). The trapping system
was kept in dark condition. Total concentrations of reduced Hg
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in oxidizing solutions were determined by direct mercury
analyser (DMA-80, Milestone, Italy).

QA/QC

One reagent blank and two certified reference materials
(MESS3 and PACS 2, obtained from National Research
Council, Canada) were periodically analysed to check the
sensitivity of the instrument. Continuous monitoring of spiked
Hg recovery in the liquid sample was checked to maintain the
quality of the data.

Results and discussion

Reduction of Hg(II) by different well-characterized humic
and fulvic acids in aquatic medium under dark condition

Reduction of Hg(II) in aqueous medium by different
well-characterized HS under dark condition (as a func-
tion of time) is presented in Fig. 1. The production of
Hg0 was monitored for 144 h. Figure 1a–c shows the
changes in production of Hg0 by SRHA, SRFA, and
ESHA, respectively, at varying [Hg]/[HS] ratio at con-
stant pH (pH = 8). It has been reported that Hg(II)
reduction by HS is based on a uniform reaction mech-
anism and controlled by slow transport of Hg(II) to-
wards reactive groups within the humic hydrocolloids

under study (Rocha et al. 2003). Hg ions initially prefer
to bind with functional groups of HS that are easily
accessible.

The rate of production of Hg0 by the HS was quick
at the beginning of the each experiment but gradually
declined with the progress of time as reported in our
previous study (Chakraborty et al. 2015b). Figure 1a–c
shows that different HS had different Hg(II) reduction
capacity and reduction rate in the aqueous medium (at a
fixed [Hg]/[HS] ratio) under dark condition. The differ-
ences of Hg(II) reduction by different HS in the aquatic
environment depend on the concentration and availabil-
ity of reactive functional groups in the HS. Increasing
[Hg]/[HS] ratio in the test solutions increased Hg(II)
reduction at pH 8.0. At low Hg loading, minor metal
complexing sites of HS (mainly composed of S, N, and
halogen containing functional groups/soft acid) plausibly
underwent strong complexation reactions with Hg(II)
(soft base) to form thermodynamically stable complexes.
Thus, less amount of Hg(II) got reduced (Vudamala and
Chakraborty 2016) at low [Hg]/ [HS] ratio. Zheng et al.
(2012) describe the importance of Hg/DOC ratio in regulating
Hg(II) photo-reduction in the aquatic environment. Hg(II) re-
duction has been reported to occur only at high Hg/DOC ratio
which is very similar to the observation made in this study. At
higher Hg loading, Hg(II) interacts with the reactive groups
much faster. The major binding sites include –COOH and
phenolic –OH groups (hard acid) that are considered as the
reactive groups in HS. These functional groups interact

Table 2 Comparative account of mercury levels (in molar) in the Indian coastal and estuarine waters

Area Level of Hg in
coastal water

Total Hg Nearby industries References

Binge Bay, Karwar 4.5 × 10−9 to 1.3 × 10−8 M (Dissolved + particulate) Caustic soda plant Krishnakumar et al. (1990)

Cochin Backwaters 6.0 × 10−9 to 2.5 × 10−7 M (Dissolved + particulate) Pulp-paper factory Balchand and Nambisan (1986)

Off Kalapakkam,
Bay of Bengal

l3.2 × 10−7 to 7.5 × 10−7 M Dissolved + particulate Madras Atomic Power
Station (MAPS)

Selvaraj (1999)

Coastal water of
Kalpakkam

1.5 × 10−8 to 2.5 × 10−7 M BDissolved and
acid-leachable
fractions of Hg^

Madras Atomic Power
Station (MAPS)

Satpathy et al. (2008a)

Rameshwaram 7.5 × 10−9 to 5.5 × 10−8 M Dissolved Personnel conversation with Dr.
Parthiban –CSIR NIO

Table 1 Chemical composition
of humic substances Humic substances Catalogue C O N S Carboxylic Phenolic Carbohydrate

SRHA 2S101H 52.63 42.04 1.17 0.54 9.13 3.72

SRFA 1S101F 52.44 42.2 0.72 0.44 11.44 2.91 43.2

ESHA 1S102H 58.13 34.08 4.14 0.44 8.28 1.87 206.3

C, O, N, and S are the elemental compositions in percentage (w/w) of a dry, ash-free sample. Carboxyl is the
charge density (in mill equivalent per gram of C) at pH 8.0 and phenolic is two times the change in charge density
(in mill equivalent per gram of C) between pH 8.0 and 10.0

SRHA Suwanee river humic acid, SRFA Suwanee river fulvic acid, ESHA Elliott soil humic acid
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weakly with Hg(II) (a soft base) and is responsible for Hg(II)
reduction, and thus, more production of Hg0 was observed at
higher [Hg]/[HS] ratio system.

Table 3 shows that ESHA had the highest production of
Hg0 in the aquatic environment followed by SRHA and
SRFA. The rates of production of Hg0 by the SRFA and
SRHA (both aquatic humic substances) were comparable.
This difference of Hg0 production probably indicates that
sources of HS may play important role in controlling Hg(II)
reduction in aquatic environment. The rates of production of
Hg0 by HS under dark condition are in agreement with the
Hg0 production rate reported in the literature (Baohua et al.
2011). The production of Hg0 in an aquatic system depends on
[Hg]/[HS] ratio and the nature and composition of HS within
the system. Hg(II) photo-reduction is a well-studied phenom-
enon, where sunlight causes dissolved gaseous Hg0 produc-
tion in aquatic systems (Nriagu 1994; Amyot et al. 2000;
Garcia et al. 2005; Dill et al. 2006; O’Driscoll et al. 2008;
Amyot et al. 1997) but information on abiotic reduction pro-
cess of Hg(II) in aquatic systems under the dark condition is
scarce. An effort was made to recognize the impact of varying
concentration of major cation on Hg0 production by different
well-characterized HS in absence of light. The intention of this
study was to provide a better understanding of Hg(II) reduc-
tion processes by HS under dark condition.

Impact varying major cation (Ca2+) concentration
on Hg(II) reduction by humic and fulvic acids (HS)
under dark condition

Figure 2a–c presents the impacts of varying Ca2+ concentra-
tions on Hg(II) reduction by HS in aquatic systems under the
dark condition. The production of Hg0 gradually increased,
reached maxima and remained constant with the progress of
time. Highest Hg(II) reduction by HS was observed when there
was no Ca2+ in the solution. The release of Hg0 decreased with
increasing Ca2+ concentration in the solution. Figure 3a–c
shows the impact of varying concentrations of Ca2+ on Hg(II)
reduction rate. The reduction rate of Hg(II) by HS in aquatic
system gradually decreased with increasing Ca2+ ion concentra-
tion. The decreasing Hg(II) reduction by HS with increasing
Ca2+ concentration can be attributed to the screening/shielding
effect of Ca2+ ion (Chakraborty and Chakrabarti 2006;
Chakraborty et al. 2006). Under dark condition, Ca2+ prevented
Hg(II) to undergo complexation reaction with themajor binding
sites in the HS by shielding the negative charges of HS and
prevented electron transfer from HS to Hg(II) and decreased
Hg(II) reduction. This observation suggests that complexation
of Hg(II) with HS is necessary for Hg(II) reduction under dark
condition. High concentration of Ca2+ prevented intermolecular
electron transfer from HS to Hg(II) and formation of Hg0, the
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Fig. 1 Impact of varying Hg(II) loading on Hg(II) reduction in the presence of well-characterized humic substances. a SR-HA. b SRFA. c ESHA
underdark condition

Table 3 Hg0 production rate (per hour) in the presence of different HS with different [Hg]/[HS] ratios under dark condition

[Hg]/[SRHA] Hg0 production
rate per hour

[Hg]/[SRFA] Hg0 production
rate per hour

[Hg]/[ESHA] Hg0 production
rate per hour

(3.1 ± 0.3) × 10−4 1.4 × 10−2 (3.0 ± 0.3) × 10−4 1.2 × 10−2

(7.2 ± 1.2) × 10−4 3.3 × 10−2 (8.4 ± 1.3) × 10−4 3.6 × 10−3 7.6 ± 0.9 × 10−4 1.3 × 10−2

(1.5 ± 0.2) × 10−3 3.6 × 10−2 (2.0 ± 0.4) × 10−3 2.1 × 10−2 1.6 ± 0.3 × 10−3 1.4 × 10−2

(3.6 ± 0.3) × 10−3 2.1 × 10−2 (3.1 ± 0.3) × 10−3 2.8 × 10−2 3.8 ± 0.5 × 10−3 3.0 × 10−2
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major pathways for gaseous Hg formation, under dark condi-
tion. Lamborg (2003) has suggested that Hg complexation with
dissolved organic matter might enhance Hg(II) reduction under
dark condition. The intra-molecular electron transfer from dis-
solved organic matter to Hg(II) has been recognized as an im-
portant process for abiotic Hg reduction. The impact in variation
of Ca2+ concentrations on Hg(II) reduction by humic and fulvic
acids (HS) under dark condition (in this study) also indicates
that complexation of Hg(II) with HS is necessary for Hg(II)
reduction under dark condition.

Impact of varying S content of HS on Hg(II) reduction
in the presence of major cation (Ca2+) in aquatic
environment

Mercury prefers to form strong complexes with those ligand
containing less electronegative halides and nitrogen over
other ligands containing oxygen (Chakraborty et al.
2015b). The strong interaction of Hg with reduced sulphur
has been reported in the literature (Xia et al. 1999). It has
been well documented that inorganic sulphide controls the
speciation of Hg in anoxic environments. Strong interactions
between reduced HS and Hg0 have been reported to occur

through thiolate ligand-induced oxidative complexation
(Gu et al. 2011). Hg(II) can be effectively reduced to
Hg0 in the presence of small concentration of reduced
HS in the solutions. The production of Hg is expected
to inhibit as the complexation with HA concentration in-
creases. However, under oxic environment, the concentra-
tions of reduced sulphur group are low or negligible.
Thus, binding of Hg to humic and fulvic acids (HS) is
expected to influence by their sulphur containing func-
tional groups. Hg–organic sulphur complexes have been
reported to be thermodynamically stable (Chakraborty
et al. 2016). Gerbig et al. (2011) have shown that Hg(II)
prefers to bind with an average of 2.4 sulphur atoms in
absence of reduced sulphur. In this study, an effort was
made to check the impact of the varying sulphur content
of HS (reported by IHSS) on Hg(II) reduction in the
aquatic environment.

Figure 4a shows the impact of varying total sulphur
content in well-characterized humic and fulvic acids on
Hg(II) reduction at different Hg loadings under dark
condition. Reduction of Hg(II) decreased with the in-
creasing total S content in the humic and fulvic acids.
The effect of Hg loading on Hg reduction was more
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noticeable in the presence of SRHA, which contained
the highest concentration of total S.

The increasing Hg loading increases complexation with S-
binding ligands in SRHA. Further increase in Hg concentra-
tion saturates all the strong sites and Hg further move towards
other binding sites (such as –COOH, –OH groups) to form
thermodynamically weak complexes. These complexing sites
are known to reduce Hg(II) in aquatic medium. Thus, reduc-
tion of Hg(II) by SRHA gradually increased with increasing
Hg loading under dark condition. However, with low total S-
content in ESHA and SRFA, the effect of Hg loading on
Hg(II) reduction was not prominent. Zheng et al. (2012) have
suggested that the reduction of Hg(II) depends on natural or-
ganic matter (NOM) source, oxidation state, and NOM/Hg
ratio. Rapid reduction of Hg(II) by HS is counterbalanced by
oxidation of Hg0 by HS. The dual role of HS controls the
availability of reactive Hg in a system.

The impact of varying concentration of major cation (Ca2+)
on Hg(II) reduction is presented in Fig. 4b. Increasing Ca2+

ion concentration in solution gradually decreased Hg(II) re-
duction (as discussed above). It is suggested that Ca2+ (Hard
acid) screened Hg(II) to undergo complexation reaction with
major binding sites (COOH and phenolic –OH groups) in HS
and decreased Hg(II) reduction. Hg(II) reduction gradually
decreased with increasing total S content of the HS. This ob-
servation suggests that total S-binding sites help Hg(II) to
form strong complexes with HS and decreased Hg(II) reduc-
tion in aquatic medium under dark condition.

Impact of varying O-containing groups in HS on Hg(II)
reduction in the presence of major cation (Ca2+) in aquatic
environment

It is well known that oxygen-containing major functional
groups in HS (–OH and –COOH) helps photo-reduction of
Hg(II) (Chakraborty et al. 2015b; Fantozzi et al. 2007; Zheng
and Hintelmann 2010). Reduction process of Hg(II) to Hg0 by
dissolved organic acids in the aquatic environment has been

identified as a significant pathway and important to consider
for a better understanding of Hg cycling between the atmo-
sphere and aqueous systems (Si and Ariya 2008). Zheng and
Hintelmann (2010) have shown the influences of different
functional groups of various low-molecular weight organic
compounds on Hg(II) reduction in the aquatic medium.
Hg(II) reduction process is dependent on several factors such
as (i) nature of bonds between Hg(II) and dissolved organic
matter, (ii) O/N ratio in dissolved organic matter and (iii) con-
centration of reduced S donor groups. Reduced dissolved or-
ganic matter has been reported to be more reactive than oxi-
dized dissolved organic matter. The more abundant electron-
donating functional groups such as hydroquinones or
semiquinones in reduced dissolved organic matter were prob-
ably responsible for more reduction. HSAB theory also pre-
dicts that oxygen containing function groups are responsible
for Hg(II) reduction.

Impacts of varying –OH/–COOH ratio of the different HS
on Hg(II) reduction in an aquatic environment under the dark
condition is shown in Fig. 5a. Increasing interaction of Hg (a
soft base) with oxygen-containing ligands (hard acid) is ex-
pected to increase Hg0 production in a system. The heteroge-
neity of humic substances makes it extremely difficult to un-
derstand the exact mechanism of Hg(II) reduction process by
–OH/−COOH functional groups.

Increasing [Hg]/[HS] ratio increased the production of Hg0

in the aquatic system. Increase in Hg loading is expected to
increase the chance of Hg–oxygen containing ligands (–
COOH, –OH) interactions in the aquatic environment and,
thus, increased Hg0 production. Figure 5b shows the changes
in Hg(II) reduction with the varying –OH/–COOH ratio
(Table 1) in the studied HS at different concentration of Ca2+

under dark condition. The rate of Hg(II) reduction gradually
decreased with the increasing Ca2+ concentration. This obser-
vation can be justified by considering the screening effect of
Ca2+ in the aquatic system. Ca2+ probably prevented Hg(II) to
undergo complexation reactions with –COOH, –OH function-
al groups of HS and decreased its reduction under dark
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condition. Hg(II) reduction has been reported to influence by
the ratio of –OH/–COOH in aquatic medium (Rocha et al.
2000).

Mechanisms of abiotic Hg(II) reduction under dark condition

There are three general pathways by which Hg0 may form in
natural waters. (i) Hg(II) species (not associated directly with
an organic complex, either free or inorganically complexed)
may get reduced to Hg0 by reactive intermediate generated in
solution. This intermediate could be an organic or inorganic
radical or a reduced metal generated by photo-oxidation of

natural organic matter. (ii) Direct photo-reduction of Hg(II)
may occur in an aquatic system. In this case, Hg(II) is reduced
by electrons supplied by DOC (due to photo-oxidation). (iii)
An autocatalytic reaction may also reduce Hg(II) to form Hg0

in an aquatic system.
Here, we propose that chances of formation of reactive

intermediate by photo-oxidation of natural organic matter
and the possibility of electrons transfer to Hg(II) is less under
dark condition.

This study suggests that Hg(II) reduction by HS in aquatic
systems decreases with increasing Ca2+ concentrations under
dark condition.
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It is suggested that Ca2+ prevented Hg(II) to undergo com-
plexation reactions with different major functional groups in HS
under dark condition. Ca2+, thus, prevented intermolecular elec-
tron transfer from HS to Hg(II) and inhibited Hg0 formation.
The impact of increasing Ca2+ concentrations on Hg(II) reduc-
tion by HS in the aqueous medium is presented in Fig. 6.
Figure 6a describes more complexation of Hg with the major
functional groups of HS in the presence of low concentration of
Ca2+. More complexation leads to more Hg(II) reduction under
dark condition. Figure 6b shows the impact of high concentra-
tion of Ca2+ ion on Hg(II) reduction. The large screening effect
prevents Hg(II) to undergo complexation with major functional
groups which inhibit Hg(II) reduction. It is suggested that com-
plexation of Hg(II) and HS in an aqueous medium is one of the
requirements for Hg(II) reduction under dark condition.

Conclusions

The reduction of Hg(II) by HS in the aquatic medium is an
important process under dark condition. The major outcomes
of this research are summarized below:

(i) Abiotic Hg(II) reduction in an aquatic system may in-
crease with increasing Hg(II) loading under dark
condition.

(ii) Abiotic Hg(II) reduction decreases with increasing Ca2+

concentration in an aquatic system. Intermolecular elec-
tron transfer from HS to Hg(II) is screened by Ca2+

which prevents Hg0 formation in an aquatic medium
under dark condition.

(iii) Reduction of Hg(II) gradually decreases with the in-
creasing total S content in the HS. However, Hg(II)
reduction is influenced by changing –OH/–COOH ratio
in dissolved HS under dark condition.

(iv) This study also suggests that complexation of Hg(II) and
HS is a requirement for Hg(II) reduction under dark
condition.
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