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Abstract:

A highly sensitive radiochemical technique for evaluating the transformation and distribution of mercury
has been developed to facilitate studies on the kinetics of mercury in the aquatic systems. Sediment, water,
or biota, previously spiked with 203-mercuric compounds and incubated for a few or several weeks, are
extracted with 0.1% dithizone-benzene(Dz-Bz) after an appropriate pretreatment to dissolve the
incorporated mercury compounds. The quantitative separation of inorganic mercury and methylmercury
in the Dz-Bz extract is done by thin-layer chromatographv, before the mercury species are analyzed
radiometrically using a gamma counter. The technique is applicable to a wide range of environmental
materials contaminated with mercury down to very low background concentrations.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Methylmercury, the most toxic form of mercury occurred in the environment, is much
more efficiently bio-accumulated in aquatic organisms than other mercury species. The
transformation of mercury in various forms into methylmercury in bottom sediment where
the bulk of mercury resides has long been recognized as a potentially critical step in the
environmental behavior of this metal. The increase of mercury fluxes into the environment
from gold mining activities using mercury amalgamation techniques, which have proliferated
in several Latin American countries, in Africa, Southeast Asia and others since the early
1980's, is a source of deep and worldwide concern in recent years. The handling and
evaporation of mercury during the processes can be expected to create severe mercury
contamination problems in the surrounding environment as well as health hazards. Although a
growing literature exists dealing with mercury contamination levels in humans and in biota,
water and sediments of the contaminated sites, our understanding of the overall dynamics of
mercury in the environment is still unsatisfactory. This may be mainly because little
information is available concerning methylmercury that is formed by methylation of
inorganic mercury released in the gold mining areas. Thus, it is of great importance to
understand the actual extent of the pollution both in terms of total mercury and
methylmercury levels in the contaminated sites, where serious contamination by an enormous
amount of metallic mercury still continues. Such an approach should undoubtedly help
elucidate the mechanisms of the mercury pollution in the tropical eco-systems and promote
efforts in pollution prevention. It is also imperative to understand the dynamics of mercury
methylation and distribution in the aquatic environment in order to properly evaluate the
availability of the mercury bio-accumulation in fish and other organisms, and the long term
impacts of mercury pollution.

Although radiotracer techniques are potentially powerful for investigating the
transformation and pathways of chemical pollutants in the environment, only few studies
have used such techniques to survey the environmental behavior of mercury. Early studies
include that of Beckert et al. who utilized 203-Hg radiotracer to study the formation of

94



organic mercury compounds in soils contaminated with inorganic mercury [1]. Kudo et al. [2]
and Akagi et al. [3] investigated the generation and distribution of methylmercury in river
water-sediment systems spiked with radioactive 203-mercuric chloride. Furutani and Rudd
used radioisotopic assay to measure mercury methylation in lake water and sediment [4].
Czuba et al. studied the quantitative separation of inorganic mercury and methylmercury from
animal and plant tissues using radiochemical method [5]. More recently, Guimaraes et al.
described a simplified radiochemical technique for measurement of mercury methylation rates
near gold mining areas in the Amazon [6]. Stordal and Gill have also published mercury
methylation rates in water investigated using a 203-mercury radiotracer technique [7].
However, no detailed radiochemical procedures were published in most of these studies.
Advancements in analytical instrumentation and mercury extraction techniques have made it
possible to overcome shortcomings encountered previously such as poor extraction efficiency
and low sensitivity.

The radiochemical method presented here has been developed for use in the study of
mercury transformation and distribution in a wide range of environmental materials spiked
with inorganic or organic 203-mercury at levels down to background concentrations. It
represents several years of research and improvements over the previous methods.

2. METHODS

Sample treatment. Sample of sediment, water or biota, from sediment-water systems
previously spiked with 203-Hg as HgCl2 and incubated for several days or weeks under a
given environmental condition, are collected for the following mercury extraction and
analysis.

2.1. Sediment and biological samples

Weigh about lg of the sediment or biological sample in a 20ml counting vial. Cap the
vial, load it in a gamma counter and count for 5-10 minutes to measure 203-Hg total activity
in the sample. Unload the vial from the counter, add 8ml of IN KOH-EtOH and shake for 20
minutes in a recipro-type shaker. Slightly acidify the sample by adding 5ml of HC1 (1:4) and
shake briefly by hand. Add 5ml of 0.1% Dz-Bz and shake for 5 minutes in the recipro-type
shaker to extract mercury from aqueous layer into Dz-Bz organic layer. Centrifuge the sample
for 5 minutes at 1 OOOrpm. After centrifugation, pipette 2ml of the organic extract onto a
Florisil column (0.5g Florisil topped with 0.5g anhydrous Na2SO4 in a pasteur pipette) and
collect the eluate a clean 20ml counting vial. Add 10ml of diluted NH4OH (1:9), shake for 5
minutes and then centrifuge for 5 minutes. Discard the aqueous layer after centrifugation.
Repeat the ammonium hydroxide washing step (Fig .1). After the washing, pipette 0.5ml of
the organic extract into a clean 20ml counting vial. Cap the vial and load it into a gamma
counter and count for 5-10 minutes for mercury recovery check. Unload the vial from the
counter, open the cap and dry the extract under reduced pressure in a glass desiccator's or by
blowing with N2. The drying process takes about 10 to 15 minutes. Add 3 to 4 drops of
acetone into the vial to dissolved the sample residue. Carefully apply the acetone solution of
the sample onto a TLC sheet (5cm20cm, polygram SIL N-HR, Machery- Nagel, Germany)
using hair-like capillary glass tube, making sure that you apply the sample slowly along a
straight line on the TLC sheet, in a series of uniform smears without scratching the sheet. The
sample should be applied on a straight line about 5cm from the bottom of the TLC sheet and
parallel to the short dimension, leaving at least 5mm on either side of the vertical margins of
the sheet. Let the sample to dry up for 1-2 minutes. Add a mixture of cold (i.e. non-

95



radioactive) methylmercury dithizonate and mercuric dithizonate standards on the TLC sheet
in two or three spots along the sample application line. Place the sheet into a TLC chamber
containing the developing solvent (benzene-hexane, 1:1 or Hexane-acetone, 9:1), which is
placed on flat table. A height of lcm of the developing solvent in the chamber is adequate.
The TLC sheet should be kept nearly vertical in the chamber. Cover the chamber with a lid to
maintain uniform conditions in the chamber and reduce the loss of the solvent by evaporation.
Leave the chromatographic separation of mercury species to take place on the TLC sheet for
about lhr. The separation process is terminated by removing the TLC sheet from the
chamber, when the solvent front reaches a distance of 2-3cm from the top of the sheet.

After development, mark the level of the solvent front using a pencil and hang the TLC
sheet to dry up in the air for about 5 minutes. The positions of methylmercuric and mercuric
dithizonates on the TLC sheet are recognized from the color of the spots formed by the
individual dithizonate standards, usually yellow for methylmercuric dithizonate and orange
for mercuric dithizonate. Measure the distance of the solvent front from the sample
application line as well as the distances of the spots of the mercuric and methylmercuric
dithizonate standards for the same line. The ratios of the distances of the mercury standards to
the distance traveled by the solvent front give the estimate of the rates of low (Rf values) for
the mercury species on the TLC sheet. The Rf value for methylmercuric dithizonate is about
0.65 whereas for mercuric dithizonate the value is about 0.35. The dried TLC sheet is cut into
four strips corresponding to the sample origin, mercuric dithizonate, methylmercuric
dithizonate, and the solvent front (Fig. 2). The strips are loaded separately but in similar
positions into radioactive-free glass vials for gamma counting. The counting time will depend
on the intensity of radioactivity in the sample relative to the background. Sample with low
activity will normally need longer counting times and vice-versa. When the sample activity is
at least three times the background level, then 30-60 minutes counting would be adequate.
For very low activity samples, counting overnight may be necessary to accumulate enough
gamma counts above the background level.

2.2. Water samples

Pipette 20ml of the water sample into a counting vial. Cap and load the vial into the
gamma counter. Count for 5-10 minutes for measuring the total activity in the sample.
Measure 50ml of water sample in a 100ml erlenmeyer flask, add to it 5 drops of 0.5%
KMnO4 solution and shake briefly. Acidify the sample with lml of HC1 (1:4) and then add
5ml of 0.1% Dz-Bz and shake for 5 minutes to extract mercury into the organic layer. Let the
sample until it separates and discard the lower aqueous layer. Wash the Dz-Bz extract twice
with NH4OH solution (1:9) as described earlier for sediment and biological samples. After
washing, pipette 1ml of the extract into a clean counting vial and do gamma counting for 5-10
minutes for mercury recovery check. After counting, follow the same procedure as described
for sediment and biological samples (Fig. 1).

Mercury recovery check. For sediment or biological samples, calculate the mercury
recovery using the following equation:

Hg recovery(%)= 1 OOHg (gamma counts for 0.5ml Dz-Bz extract)(glO
Total gamma counts of the sample before Hg extraction

Mercury recovery from 50ml of water sample is calculated from the equation:
Hg recovery(%)= 100HgHg(gamma counts for lml Dz-Bz extract)(g5
(gamma counts for 20ml ofwater)(g50ml/20ml
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Mercury recoveries by this radiochemical method are usually 95-100%. Recovery values
slightly higher than 100% could be obtained from the recovery calculation, if there had been
appreciable loss of benzene by evaporation before the recovery check. The decrease in
volume of benzene would make mercury concentration higher than in the initial extract of
5ml. In the mercury recovery calculation, it is assumed that the mercury concentration in the
recovery check aliquot is the same as the initial concentration of 5ml Dz-Bz extract of the
sample.

Calculation of proportion of methylmercury to total mercury. The proportion of
methylmercury to total mercury in the sample is determined from the gamma counts obtained
from the TLC strips after the chromatographic separation of the inorganic mercury
dithizonate and methylmercury dithizonate.
Methylmercury (%)= lOOfeamma counts of methylmercury TLC strip)

(Total gamma counts of all (4) TLC strips)
The amount of active total mercury (T-Hg*) in the sample is calculated from the total gamma
activity (A ThCi) of the sample, the specific activity of 203 -Hg spike (B iCi/ml) and the
mercury concentration in the spike (C igHg/ml), using the equation:

T-Hg*(T-g) = Ag)(C/B)

3. RESULTS AMD DISCUSSION

Some results obtained using the described radiochemical technique are as follows.
Three different types of sediments, (A) coarse sand, (B) fine silt and woodchips and (C)
woodchips containing 0.44, 4.39 and 51.76% of organic matters, respectively, were spiked
with 203-Hg as HgCl2 at a level of 1.0 ppm on a dry weight basis, and placed in glass
cylinders (8 cm in diameter, 30 cm in height) to a depth of 5 cm, to which was added 1L of
river water and four gold fish. The fish were separated from sediment with a plastic screen
and air was bubbled in slowly. The experiments were run for periods up to three weeks. At
various intervals, total mercury content in each compartment was monitored and separative
analysis of inorganic and methylmercury carried out based on the radiochemical method.

The production of methylmercury in the sediments was observed to occur at a relatively
high rate with an apparently different activity depending on the nature of sediment and reach
a definite equilibrium within one week. Maximum net methylmercury production occurred
generally in the uppermost layer of the sediment column. This was consistent with previous
studies reporting maximum levels of methylmercury production at or near the sediment-water
interface or redox front [ 8 ]. At an equilibrium, the proportions of methylmercury to total
mercury present in sediments (A), (B) and (C) were 2.0, 7.2, and 9.4%, respectively. The
results of water analysis showed that the proportion of methylmercury in overlying water
paralleled to that in the sediment, indicating that a constant partitioning between sediment and
overlying water would be assumed. It is noted that the proportion of methylmercury to total
mercury in overlying water reached to more than 50% over sediments (B) and (C), and to
about 30% even over sediment (A), which were constant after two weeks.

A large deference in uptake rates of total mercury by fish was observed between the
systems (A) and (C); in system (A), the levels fluctuated widely at the initial stage, due to the
absorption of inorganic mercury, and decreased, while in system (C), the values increased
slowly to approach to a constant value. At the final stage of experiment, the fish in the
systems (A), (B) and (C) contained mercury at the levels of 93, 112 and 28 ppb, of which
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methylmercury ratios were 60.6, 91.1 and 90.8%, respectively. The methylmercury content in
fish was exactly proportional to that in water (Table 1).

From these results, it can be concluded that methylmercury production in the sediment
and its transfer into water leading ultimately to the accumulation in fish are essentially
controlled by the nature of the sediment itself.

Because of its high sensitivity, the technique can be used for rapid and accurate
evaluation of mercury transformation and partitioning in sediment-water systems spiked with
203-mercuric compounds and incubated only a few days. The examples given here dealt with
the distribution of total mercury and methylmercury in sediment, fish and water. The
technique is also applicable to the other environmental materials such as suspended solids,
invertebrates and plant tissue, and may find important application in the assessment of the
mercury cycling in newly contaminated sites, especially where information on the speciation
of mercury in a specific environment may be lacking.

4. PLANS FOR FUTURE WORK

The purpose of the proposed study is to establish highly sensitive, reliable and
systematic radiochemical techniques for estimating the transformation and transfer of
mercury in a given aquatic environmental system and to evaluate quantitatively various
environmental factors influencing mercury dynamics. In the coming year, the following
research works will be made:

(1) Development of a combined technique of radioactive tracer and chromatography for
the assessment of mercury methylation and distribution in the aquatic environments

(2) Adoption and improvement for applicability of the developed techniques
(3) Definition of phisico-chemical environmental factors to be investigated and further

specification of project details
(4) Definition, acquisition and preparation of the experimental set-up
(5) Evaluation of the transformation of mercury in each compartment of aquatic systems

using the radiochemical techniques developed
(6) Relationship between mercury methylation activity and characteristics of different

types of sediments
(7) Estimation of mercury methylation and distribution in a given sediment-water-biota

system
(8) Estimation of selected aquatic environmental factors influencing mercury

methylation, distribution and bioconcentration of methylmercury produced.

These laboratory study and analysis will be made at National Institute for Minamata
Disease in collaboration with some selected scientists from Tanzania, Brazil, Philippines and
other tropical countries having experienced a tremendous increase in uncontrolled, informal
sector gold mining using mercury amalgamation.
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Fig. 1. Flow chart for the present radiochemical technique for mercury speciation and
analysis.
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Fig. 2. TLC sheet showing the separation of mercury species

TABLE I. Equiblium distribution pf Hg in system. Partition coefficient is relative affinity for
Sediment measured as ppb Hg in sediment(dry weight)/ppb in water.

Sediment

(A)

(B)

(C)

Mercury in Sediment (ppb)

1-

Hg

800

960

1,048

MeHg

16.0

69.4

93.5

MeHg

2.0

7.2

8.9

Sediment/Water

Partition Coeff.

Hg

4,000

9,800

50,000

MeHg

170

760

4,200

Hg in Whole Water (ppb)

I-Hg

.204

.112

.023

MeHg

.095

.103

.031

MeHg(%)

32

48

57

Avg.

MeHg in

Water (ppb)

.063

.069

.021

MeHg

in Fish

(PPb)

92.9

112.0

28.1

MeHg

Uptake

Rate

(hr-1)

2.9

3.2

2.7
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