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DISCUSSION NOTES

Dr. Smodig, Scientific Secretary from IAEA (E-mail: B.Smodis�iaea.org), opened the
Second Research Co-Ordination Meeting and Dr. Akagi welcomed all participants to the
National Institute for Minarnata Disease.

Participants (country, name, and E-mail):
Brazil: Jean R. D. Guiniardes; jeanrdg�biofufrj.br
China: Dingyong Wang; wangdy�swau.cq.cn
India: Khageshwar S. Patel; patelsing�satyam.net.in
Japan: Hirokatsu Akagi; hiroakagi�,nimd.gojp
Philippines: Ana F. Rivera; pipay�pacific.net.ph
Slovenia: Milena Horvat; milena.horvat�ijs.si
Sweden: Lars D. Hylander; Lars.Hylander�ebc.uu.se
Tanzania: Justinian Ikingura; Ikingura�cc.udsm.ac.tz
Venezuela: Dario Berm6dez; dbermude�telcel.net.ve

Observers:
China: Xiao Jie Liu; xiaojie66�hotmail.com
Slovenia: Ingrid FaInoga; Ingrid.Falnoga�ijs.si
Slovenia: Vesna Jereb; Vesna.Jereb�ijs.si
Slovenia: Rudolf Rajar; rrajar�fgg.uni-1j.si

1. SUMMARIES OF PROJECTS
See individual project summaries.

Comments after presentation of individual projects:

Horvat: Which terminology to use for Hg transformations? (rate, potential, how to calculate
and express the amount of transformed Hg).
Guimardes, Hylander: Stable isotope ratios of C and N can be used to establish: 1) origin of C
source (terrestrial/aquatic); 11) amount of bacteria present; III) trophic level.
Horvat: Isotope ratio of S can be used to indicate sulphate reducers; nuclear technique using
35S should be included and a protocol be elaborated.
Guimardes et aL: The cost for radioactive Hg-tracer has increased substantially last year and
the tracer is difficult to obtain.
Guimardes: Sediment handling is important, since methylation is influenced by sediment
apparent density.
Hylander: Harmonization of reported data is necessary. Suggestion: report the average, lower
and upper quartile rather than min and max values. Check used units carefully!
Ikingura: The release of MeHg ftom gold mining tailings needs to be evaluated.
Hylander: Treatment of water such as filtration should be indicated. Correct units must be
indicated in all tables and figures.
Smodi§: Soil sampling recommendations are needed and sampled horizons need to be
harmonised.
Hylander: The first CRP-report prescribed sieving with 2 and 0060 or 0074 mm nylon sieves
Rivera, Horvat: The new US EPA guideline prescribe <0 I �tg MeHg kg bodyweight / day.
It is based on a population exposed to Hg mainly via fish. This limit is not relevant for miners
exposed to elemental Hg through inhalation and Hg via food other than fish (co-exposure to
various Hg forms).
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Horvat: Correlate plant-uptake of Hg to different soil Hg forms rather than to Hg-Tot.
Akagi: In Japan, men have generally higher hair Hg content than women. Possible reasons for
the contrary in China?
Horvat: Low Hg content 28 - 90 ng/kg) in the sediment from Lake Guri. Homogenisation of
soil contaminated at mining sites is difficult. See Slovenian RCM progress report for further
information on the reference material SOIL-1.

2. STATUS OF THE CRP

2.1. Highlights during the 2nd RCM
(Highlights and problems related to the activities within the CRP)

Brazil:
- Spatial and temporal variations of Hg transformations (methylation) in periphyton.
- Methylation in plankton.
- Correlation of various factors with methylation of Hg - more work needed.
- Establishment of research collaboration with CRP participants at Uppsala and

Stockholm Universities, Sweden.
- Problems:

o Purchase of radiotracers
o Practical problems to conduct field work in the Amazon with foreigners

China:
- Uptake rates of Hg by vegetables from the soil and the atmosphere.
- Accumulation of Hg in plants mainly from soil and to a lesser degree from the

atmosphere at Hg concentrations below 18 ng/M3.

- At higher Hg concentrations > 18 ng /M3) , Hg from the air is the main contributor of
Hg uptake by the studied plants.

- Problems:
• Lack of analytical methods for the determination of MeHg
• Purchase of calibration standards, CRMs

India:
- Distribution of total Hg in soil, sediment, water, and atmospheric samples such as

rainwater, fog, and airborne particulate matter.
- Major sources of Hg are related to coal burning, roasting of pyrite ores, and leaching

from pyrite ores.
- Comparison of CVAAS and XRF.
- Problems:

• Lack of available equipment to conduct the analysis
• Comparability of data in particular in water samples

Japan:
- Establishment of sensitive, precise and specific analytical methods for total and MeHg

in biological and environmental samples.
- Evaluation of environmental factors influencing dynamics of Hg in aquatic systems

(fresh and marine water).
- Technical and scientific assistance to developing countries (Tanzania, Indonesia,

Brazil, Philippines, Slovenia, Vietnam, China).
- Dissemination of results (organization of the 6h ICMGP).
- Problems:

o Lack of radiotracers
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Philippines:
- Epidemiological study of the mining community including physical and neurological

examinations.
- Biological and environmental monitoring for HgT and MeHg.
- Establishment of correlation of physical and neurological findings with environmental

and biological monitoring results.
- Establishment of research collaboration with CRP participants at NIMD, Japan.
- Problems:

o Peace and order (military activities near the study area)
Slovenia:

- Spatial and time dependence of transformation mechanisms (reduction, methylation
and demethylation) of mercury.

- Preparation of SOIL I for comparability studies.
- Mercury transformation in terrestrial isopods and lichens.
- Simultaneous determination of transformation processes.
- Artefacts of Hg speciation during sampling and sample handling (in particular

sediments).
- Dissemination of the project results at the regional workshop with international

attendance (Workshop on Mercury in the Idrija Region and the Northern Adriatic,
Portoro2, Slovenia, May 2001).

- Establishment of research collaboration with NIMD, Japan.
- Problems:

• Terminology (methylation rates, potential for methylation, etc.)
• Methodology in Hg speciation and analysis (uncertainty, traceability,

comparability, the use of reference materials) need to be introduced
Sweden:

- Introduction of methods for bacterial production.
- Increased political and public awareness of mercury mining.
- Research collaboration with CRP participants at the Federal University of Rio de

Janeiro, Brazil, the University of Guayana, Venezuela.
- Problems:

• Financial (agreement holder)
• Communication among the UPT participants by E-mail
• Disposal of wastes in developing countries (chemicals and radioactive

substances)
Tanzania:

- Determination of Hg contamination level due to small-scale gold mifting.
- Hg in fish from Lake Victoria is very low < 50 ng/g fw).
- Bioindication of Hg air pollution by lichens.
- Mercury transformation and partitioning in aquatic systems contaminated by gold

mine tailings.
- Low bioavailability of Hg.
- Establishment of research collaboration with NIMD, Japan.
- Problems:

• Lack of equipment for mercury speciation (MeHg) and of CRMs
• Difficult field logistics.

Venezuela:
- Fish eating habits in urban population of two towns.
- Socio-economic profile of the same urban populations.
- Promotion of intercomparison exercises.



- Dissemination of the project results at a forum with international attendance (Ist
International Forum on the Mercury Problem in Reservoirs: The case of the Reservoir
Guri).

- Establishment of research collaboration with CRP participants at University of
Victoria, Canada and Uppsala University, Sweden.

- Problems:
• Financial
• Limited interest from the local hydroelectric company

2.2. Specific research objective

To study and assess the factors influencing the dynamics of Hg cycling and its impact on
human health in mercury contaminated ecosystems, especially in tropical environments, using
radioisotopes and enriched stable isotope tracers and/or complementary analytical techniques.

2.3. Areas of research

2.3. 1. Evaluation of the relevant environmental factors influencing mercury transformations,
transportation (mass balances), and partitioning in ecosystems (BR,4, CPR, JPN, SLO,
S WE, UR T).

2.3.2. Development, validation and application of appropriate methodologies for the
measurement of Hg transformation such as methylation, de-methylation, and reduction
in various environmental compartments (BR,4, JPN, SLO, SWE, URT).

2.3.3. Development, validation and application of appropriate methodologies for the
measurement of Hgfluxes at natural interfaces such as sediment-water, water-air, soil-
air, plant-air, and seawater-ftesh water (BRA, CPR, IND, SLO, SWE, URT).

2.3.4. Evaluation of the human exposure to Hg using bio-indicators such as hair, blood, and
urine in light of epidemiological requirements (IND, JPN, PHI, SLO, VEN).

2.3.5. Comparability studies on an appropriate test sample (soil) ftom a contaminated site.
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2.4. Assessing the progress in achieving the outputs

2.4. 1. Table ith expected outputs andpresent status of outputs and activitiesfor the CP

Expected outputs Present status
Remarks

Recommended approaches for the Demethylation: three approaches The need to consider mass
determination of mercury (1) enriched stable Hg, 2) balance. Hg reduction should
transformation such as methylation, 203 Hg and 3) tested. be included in these studies.
de-methylation and reduction Methylation: three approaches Isotope purchase should be

Using (1) enriched stable Hg, 2) done jointly.
203 Hg and 3) conventional
method tested. Comparison
between approaches is in
progress. Studies on reduction
started and in progress.

Recommended approaches for flux No standardised approach Comparability of used
measurements available yet. methods and relevance of

Sediment/water: (1) diffusive results?
flux, 2) benthic chambers.
Water/air: (1) calculations based
on data for dissolved gaseous Hg,
(2) flux chambers.
Soil/air and vegetation/air: (1)
flux chamber, 2) real time
measurements.

A compilation of reliable data on Several CRP countries provided CRP participants should
mercury transformation such as information and more data is communicate obtained data.
methylation, de-methylation and expected in coming years. A review of data presented by
reduction, and fluxes in contaminated Majority of data on methylation. scientists outside the CRP
tropical ecosystems for comparison needs to be included.
with existing data from temperate
regions
Generated knowledge on factors Factors studied on sediment, soil, More basic studies needed on
influencing mercury transformations, and periphyton include redox. potential, sulphate
transport and partitioning in various temperature, pH, Hg reducers, soil moisture.
ecosystems concentration, bacterial

productivity, redox potential,
organic matter, and complexing
agents.

Test sample (soil) from a Sample prepared, tested, and
contaminated site for comparability distributed.
studies.
Database of bio-indicator Completed in Philippines. In Estimation of daily exposure
measurements (hair, blood, and urine) progress in Venezuela. to Hg should include sources
of human exposure to Hg in other than fish and provide
contaminated areas. data on MeHg and inorganic

Hg in food, and elemental Hg
in air.

Recommended measures for the A manual on preventive CRP participants are advised
prevention and/or reduction of measures completed by Japan to carefully check the manual
mercury contamination in polluted and distributed to CRP and evaluate its applicability.
areas participants.

Technology to prevent Hg
emissions from fossil fuel
burning was brought into
attention of the CRP participants.
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2.4.2. List ofscientific publications

Abstracts presented at the 6th International Conference on Mercury as a Global Pollutant, 1 -
19 October, 2001 (ICMGP): BRA, 7 PRC, 1; IND, 0; JPN, 8 PHI 3 SLO, 5; SWE 3 URT,
1; VEN 1.

Published articles: URT, 1. kingura, J. R. 2001. Exposure to mercury due to gold mining in
Tanzania. ILO African Newsletter on Occupational Health and Safety, vol. 1 1, No 1: 23 - 25.
Submitted articles: URT, 1.

Education and training:
BRA, MSc and I PhD-student; PRC 2 MSc-students; IND 2 MSc-students; JPN I MSc I
Phl), PHI post graduate fellow; SLO 2 BSc and 2 MSc completed, 2 PhD students; VEN 2
MSc-students.

2.5. Adjusting the proposed work plan until next RCM

2.5. 1. Evaluation of the relevant environmental factors influencing mercury transformations,
transportation (mass balances), andpartitioning in ecosystems.

BRA: Analyse biogeochemical factors in periphyton and correlate with net Hg methylation.
Standardisation of methods for bacterial production and SRB.

CPR: Study Hg mass balance in vegetable/soil systems in areas with different degrees of
acid deposition.

JPN: Comparative studies on effect of salinity on Hg transformations and partitioning.
SLO: Hg transport and transformations driven by hydrometeorological conditions in the

river system. Mass balances of Hg in small-scale hydroelectric reservoirs.
Standardisation of methods for SRB

SWE: Standardisation of methods for bacterial production and SRB including identification
of separate bacterial communities by phospholipid fatty acids and their relation with
net Hg methylation.

URT: Oxidation, methylation and partition of Hg in aquatic systems contaminated by small-
scale gold mining.

2.5.2. Development, validation and application of appropriate methodologies for the
measurement of Hg transformation such as methylation, demethylation, and reduction in
various environmental compartments.

BRA: Comparison of results obtained by using 203 Hg and enriched stable Hg isotopes in
studies of Hg methylation in floating macrophytes.

JPN: Comparison of results for methylation, dernethylation, and reduction in seawater and
sediments, using different methods.

SLO: Comparison of results for methylation, dernelation, and reduction in water,
sediment, soil, and isopods by the use of 203 Hg and 4 CH3Hg.

S VVE: Comparison of results for bacterial production obtained by '4C_Ieucine and by
conventional microscopical methods, and relate the production to net Hg methylation.

URT: Intercomparison of results for total H9 determination in environmental samples using
CVAAS and ICP-AES.
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2.5.3. Development, validation and application of appropriate methodologies for the
measurement of Hg fluxes at natural interfaces such as sediment-water, water-air, soil-air,
plant-air, and seawater-fresh ater.

BRA: Experiments on Hg reduction by aquatic plants using 203 Hg.
CPR: Hg fluxes between soil/air and plant/air with chambers. Lysimeters for determination

of leachable Hg.
SLO: Hg fluxes in rivers and marine environments: sediment/water, water/air, soil/air and

saline/fresh water boundary under natural conditions.
SVV`E: Laboratory experiments on Hg reduction in waters with different organic matter

content using 203 Hg.

2.5.4. Determination and evaluation of the human exposure to Hg using bio-indicators such
as hair, blood, and urine in light of epidemiological requirements (IND, JPN, PHI, SLO,
VEN).

IND: Bioaccumulation of Hg in human blood and hair.
JPN: Survey on human exposure to HgT and MeHg in Japan, Philippines, Tanzania,

Indonesia using blood, hair, and urine.
Pffl: Survey on human exposure to HgT and MeHg in Japan and Philippines using blood,

hair, and urine.
SLO: Report on two studies performed on a population in a Hg mining area and in a coastal

environment for comparison with similar studies in other countries.
VEN: Determination of HgT in human hair, and if appropriate apply neurological test.

2.5.5. Comparability studies on an appropriate test sample (soil) ftom a contaminated site.

The following elements and parameters will be analysed by the CRP participants:
BRA: HgT, MeHg, Cd, Zn, Pb, Al, Fe, pH, redox potential
CPR: HgT, N, P, K, As, Ca, Cr, Cu, Fe, Mg, Mn, Zn pH, Org. Matter
IND: HgT, MeHg, Cu, Ni, Pb, Zn pH
JPN: HgTMeHg
PHI: HgT, MeHg
SLO: HgT, MeHg, Pb, several elements with NAA
SVVE: HgT, Al, Ca, Cd, Cu, Mn, Fe, pH, C-Tot, N-Tot, S-Tot.
URT: HgT, MeHg, some elements with ICP-AES
VEN: HgT

Proposed conditions for study of transformation mechanisms in SOIL-1:
Moisture: Soil: water ratio 21 w:V (e.g. 6 g soil, 3 mL milliQ);
1 I w:V (e.g. 6 g soil, 6 mL milliQ).
(Optional: 12 w:V; use of rain water, river water with different T0C/DOQ
Incubation conditions: Closed glass vials 250 m) with controlled air flow (10- 20 L/h) No
rubber to be used. 1 - 25'C in the dark. (Optional: Exposure to the daylight.)
Remarks: Minimum duplicates, preferably triplicate or more.
Incubation time: The soil sample is wetted with milliQ that contain tracer/natural Hg.
48 h incubation.
Added tracerlhatural Hg: about 500 ng each time

Other measurements: Basic pedological analyses and other physical and chemical parameters
important for characterisation of the soil.

1 5



Reporting: Basic analyses to be reported to IAEA (E-mail: A.Bleise�IAEA.ORG; see the
reporting form distributed with the soil samples) by the end of December, 2001.
Transformation experiments to be communicated by the end of June, 2002 to Milena Horvat
(milena.horvat�"s.si)

3. TECHN[CAL ASPECTS

3.1. Sampling sites and types of samples

They are mentioned in the previous report.

3.2. Sampling techniques and equipment

When filtering is applied the pore size and filter type must be indicated. Standardised methods
(ISO) should be used when available.

Pyrex glass and Teflon containers are commonly used for water samples. Teflon containers
are light and do not break, but are difficult to clean and expensive.

Acid preservation of seawater works generally well but is not suitable for fresh water with
high TOC. Analysing immediately or filtering in the field and subsequent deep freezing is
suitable for most water samples.

Repeated thawing/freezing of samples, e.g. blood and mussels, reduces the MeHg content.

Highly contaminated water, sediment, soil, and plant samples should be stored separate from
low-level samples. Most plastics should be avoided such as PVC, PE (low and medium
density).

When performing sequential extraction and determinations of fractions other than the total
content or MeHg, very precise protocols must be provided.

Lauring and Rantalla 1993) recommend HgT to be normalized to C, although this is not
always relevant. Al and Fe (especially Fe-substituted Al in Al-(hydr)oxides in Amazonian
soils) might be suitable for certain areas. Normalisation must be studied further in
contaminated sites.

When speciation of Hg in solids is needed, sieving is not recommended.

If Hg speciation. is intended in anoxic sediment, original environmental conditions should be
maintained as close as possible until speciation is completed.

Residual moisture content in geological samples and the similar should be determined by
heating parallel samples to 105'C (until constant weight, generally over night), so that results
can be expressed on a d.w. basis. Biological samples should be freeze dried, if possible.
Otherwise drying to 850C until constant weight.

Scientists involved in health related projects should choose appropriate and representative
samples to asses human Hg exposure due to food consumption, based on daily intake.
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Horvat will send copies of two review articles about Hg in plants and lichens.
Measurements of Hg in air should be addressed at hot spots such as areas with geothermal
activity and mining areas. The use of biomonitors (e. g. lichens) is encouraged.

Borut Smodig will provide available information on hair, blood, and urine sampling.

The subsequent disposal of post experiment material must be done according to the most
ethical practices possible. The CRP participants will communicate their national legislation
regarding handling of radioactive waste and other hazardous waste generated at analyses.

3.3. Analysis

IAEA provides standard reference materials upon request and payment.

Training for participants and/or their students in any advanced lab can be pursued through
technical cooperation program offered by the IAEA, and should be applied through national
authorities (National Atomic Energy Commissions).

Interested participants should investigate possibilities to obtain fellowships, bilateral
agreements, and other exchanges and use the CR-P for leverage.

3.4. Data processing and interpretation

Save files in lowest common denominator version of software to ensure mutual compatibility.

Artificial Intelligence methods should be a targeted method for data interpretation on
compiled data - e.g. neural networks.

3.5. Quality assurance and control

Participants using GPS should document coordinates in metric system. Make note of format -
decimal degrees or degrees, minutes, seconds.

Each participant should write down protocols for sampling procedures and then send a list of
sampling protocols in use to: Borut Smodig (E-mail: B.Smodis�IAEA.ORG) latest by the
end of December, 2001 in order to include them in the report.

Standard operation procedures (SOP) for perforined analyses should be available in National
language at each laboratory.

• Important that operational sampling procedures and field observations are recorded in
the field promptly - log books.

• Proper labelling and coding must be planned and implemented.
• Units - use SI units ONLY (Note: ppb, ppm etc. should not be used).

Dissemination of research results based on good quality science is encouraged through local,
regional, national, and international meetings, symposia, and workshops. The IAEA strongly
encourages the participants to publish high quality papers in international journals, with
acknowledgement to the IAEA.
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4. ORGANIZATIONAL ASPECTS

4.1. Co-operation

Communication among CRP participants would be greatly improved if all E-mail messages
are acknowledged upon reception, even when immediate action cannot be taken.

4.2. Next RCM

Scheduled for the beginning of 2003 or later.
The place should be selected so that it can be in conjunction with a conference, workshop etc.
on a related theme.
Host proposals:
Brazil,
Canada,
Philippines,
Sweden, in conjunction with the Trace element conference in Uppsala, June 2003.
Tanzania,
Venezuela,

5 SMMARY

5.1. Main scientific/technical conclusions from the meeting

Significant achievements:

* Acknowledgement and discussion of reports from CRP participants. Important research
activities were undertaken towards achieving the CRP objectives. A significant improvement
in the quality of reports was observed.
• Preparation and distribution of an intercomparison sample (SOIL-1).
• The 2nd RCM in Minamata proved to be an excellent forum for discussion and
harmonisation of experimental protocols to be performed on SOIL-1 for comparability
studies, as well as other field and laboratory studies.
* Results were presented from te combined use of radiotracers and enriched stable isotopes.
* The usefulness of biomonitors for air monitoring and human exposure to Hg was
demonstrated.
* A large number of contributions 29) ftom CRP participants at the 6th ICMGP A large
number of these are expected to be published in peer-reviewedjoumals.
* Sampling of sediment in anoxic environment may lead to considerable artefacts for Hg
speciation (e. g a 20 - 100 fold increase was observed for MeHg concentrations in coastal
marine sediment). Participants agreed to look into this step more closely and see if this applies
also to other samples such as soil, plants.
* Simultaneous measurements of transformation processes of Hg in environmental samples
are necessary to understand Hg behaviour (methylation, demethylation, reduction). The role
of sediments in MeHg formation and bioaccumulation has been historically overstressed.
More attention should be given to other compartments of the environment.
* HgT and MeHg human exposure studies in contaminated sites should look into all possible
contributions from environmental sources and dietary consumption not previously
determined.

1 8



* The participants acknowledged the fact that metrology in Hg analyses and speciation has
not been adequately addressed so far. Therefore the participants agreed to follow international
guides (See: Guide on measurement uncertainty Eurachem/CITAC/IAEA, 2nd ed. June, 2000:
www.vtt.fl/ket/eurachem.htm) on establishment of uncertainty of chemical measurements in
the future to perform improvements until the next RCM.
* In terms of cost-effectiveness, the socioeconomic data are important in designing health
related Hg studies.
* Hg uptake by certain leaf vegetables is influenced by both soil and air Hg concentrations as
revealed in Chinese studies.
* Improvement of human resources through training and university education, indicated by 2
B Sc, IO MR 4 Phl), as well as other post-graduate students.
* The CRP participants acknowledged the IAEA for supporting this CRM in conjunction with
the 6th 1CMGP.
* The CRP participants acknowledged also NNM for hosting the CRM with excellent
facilities and technical support.

5.2. Action Items

- Participants being proposed as hosts are asked to send schedules on appropriate conferences,
meetings etc. in their home countries, taking place in the end of 2002 and onwards.
- Basic analyses on SOIL-I to be reported to IAEA (E-mail: A.Bleise�IAIEA.ORG) by the
end of December 2001.
- Transformation experiments to be communicated by the end of June 2002 to Milena Horvat
(milena.horvat�ijs.si)
- List of sampling protocols to be sent to: Borut Smodig (E-mail: B.Smodis�IAEA.ORG)
latest by the end of Dec. 200 .
- Milena Horvat will send copies of the two review articles.
- Borut Smodig will provide available information on hair, blood, and urine sampling.
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TITLE: STUDY OF METHYLATION SITES AND FACTORS IN
CONTAMINATED AQUATIC SYSTEMS IN THE AMAZON USING AN
OPTIMIZED RADIOCHEMICAL TECHNIQUE

CSI: DR. JEAN. REmy DAVIftE GLumARAEs

INSTITUTE: Lab. de Radiois6topos,
Inst. de Biofisica
Universidade Federal do Rio de Janeiro (UFRJ-)
Bloco G CCS
Rio de Janeiro, RJ, Cep 21949-900
BRAZIL

HIGHLIGHTS AND ACI-REVEMENTS

We confirmed that high methylation potencials (up to 22%) are found in roots of Paspalum
repens and other floating macrophyte species such as Eichhomia crassipes and Ludwigia
helmynthoryza during both phases of the hydrological cycle, with a tendency for higher
values in the wet season, confirming findings of previous studies, and a strong intra and inter-
lake variation.

Hg methylation in macrophyte roots is carried out mainly in the root-associated periphyton a
complex and variable assemblage of benthic microalgae, ftingi, bacteria and organic and
inorganic detritus. However, no significant correlation was found in the first campaign
between Hg methylation in samples of Paspalum sp. roots and the amount of periphyton in
these samples.

We also verified that total plankton and phytoplankton are sites of a low < I %) but easily
detectable methylation.

Simultaneous in-situ determinations of Hg methylation potentials, bacterial activity and
sulfate-reduction activity were made in the frame of this project, probably for the first time in
tropical aquatic environments.

Preliminary analysis of data by the other research teams involved in the project suggest that
the influence of terrigenous inputs on the Hg loads and cycling in the local aquatic
envirom-nents may be hard to pinpoint, considering the moderate magnitude of these inputs in
comparison to the inputs of the Tapaj6s river and the intense dynamics of the lakes
themselves.

Pitfalls

• Heavy official bureaucracy and delays for issuance of permits for joint scientific
expeditions involving foreigners in the Amazon, export of samples (except by mail)
and for custom clearance, aggravated by biopiracy concerns.

• Increasing difficulties in obtaining commercial 203 Hg.

• Basic infrastructure problems caused partial loss of samples in one of the campaigns.
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HIGHLIGHTS AND ACHIEVEMENTS

Relationship between atmospheric mercury and plant leaves mercury content Hg in plants
came both from soil and the atmosphere. On the whole, Hg contents in plant leaves increased
with the increase of air-Hg, the correlation equation was:

y = 0.0 I 73x-0.3204

Calculation from this equation showed that the accumulation of Hg in plants stemmed mainly
from soil rather than atmosphere when air-Hg was lower than 18.5 ng/m3, however
contribution of air-Hg to plant Hg accumulation was increasing with the increase of Air-Hg
when its concentration was higher than 18.5 ng /M3.
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SUMMARY OF PROGRESS OF WORK DONE

Chhattisgarh (CG) is a newly born natural resourced, industrialized and rice producing state
of Central India. It is situated between 17 - 24' N latitudes and 8 - 84' longitudes at
altitudes of > 300 meters from sea level. The total area is 13 x10' kM2 (4. 1 % of the
country) with inhabitants of z 20 millions in 16 districts. The state is based on the igneous and
metamorphic rocks with huge deposition of minerals of iron, manganese, copper, aluminum,
calcium, etc., and fossil fuel i.e. coal. The iron ore is deposited in 3 districts of souther CL
In northern CG (i.e. Bilaspur, Korba, Raigarh, Koriya, Ambikapur) coal is heavily deposited.
Other minerals and dolomite are deposited in central CQ The soil is red to red-yellow in
color with low silica and high iron and aluminum contents.

The area of forest is 40% (5 OX104 kM2) of the state. The state is situated at the highest
summer temperature profiles, probably due to emission of huge amount of green house-gases
by sources such as forest vegetation, rice field, combustion of fossil fuel, biomass burning,
etc. After 1960 a rapid industrialization and urbanization of this region started due to
abundance of the vast natural resourced materials. Most of the heavy metal industries, cement
plants, thermal power plants of the country are in operation in this part of the country. The
amount of coal consumed by various sources is estimated to be 10 million tons/year.
Another geographical feature is that most of the acidic sulfate soil occurs in Ci
Agriculturally a sufficient amount of fertilizers is used to enhance crop and vegetable yields,
which results with an increase in nitrate level in surface and ground water. The state is very
sensitive to the environmental threat of the country due to geographical, geological and
metrological reasons. The investigation carried out in our laboratory revealed that the
concentration of many trace elements i.e. Mn, Ni, Cu, Hg, Pb is much higher that of other
parts of country or globe. The emission of Hg has increased substantially due to increased
burning of coal, smelting of pyrite ore, industrial uses, installation of chlor-alkali plants, etc.
The objectives of the proposed project are to establish a data base of total mercury loading in
environmental and atmospheric samples i.e. surface water, ground water, rain, fog, soil and
sediment.
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HIGHLIGHTS AND ACHIEVEMENTS:

1. Analytical Procedures for Mercury Determination:

The development of a combined mercury extraction - speciation technique for total mercury
and methylinercury determination in various biological and environmental media have been
established to study and evaluate environmental factors influencing the dynamics of mercury
in aquatic systems.

Comparability studies of the results from the conventional and radiochemical techniques were
planned for the Ist year of the CRP. Validation of the radiochemical method will be
undertaken during the current CRP because of constraints in obtaining the appropriate
radiotracers. The use of radiotracer techniques will be undertaken to investigate the generation
and distribution of methylmercury in the river water - sediment systems using 203Hg.

The improved conventional analytical procedure uses the cold vapor atomic absorption
spectrometry for the determination of total mercury in biological and environmental samples.
For methylmercury determination, samples are analyzed using combined techniques of
dithizone extraction and gas chromatograpy with electron capture detection.

2. Technical collaboration with CRP members and other countries:

The NINID which has been designated as a WHO Collaborating Center for Study on the
Health Effects of Organic Mercury has provided technical and scientific assistance to
developing countries including three CRP members (Tanzania, Philippines, Slovenia,
Indonesia, Brazil, Vietnam and China).

The collaborative work with Tanzania focused on the environmental transformation of
mercury released from gold mining operations. The dispersion and transformation of mercury
in gold mining fields in the Lake Victoria was invested through field and laboratory studies.
River sediment, gold ore tailing, fish and lichens were analyzed for their mercury levels. The
presence of the mercury gradient in the lichens surrounding the mine connotes that lichens
could be used as a suitable bio-indicators for the assessment of atmospheric mercury
pollution.

Health research studies on the human exposure to mercury in mining operations in the
Philippines were undertaken in collaboration with NIMD. Fifty-three volunteers were
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evaluated for mercury exposure through the detennination. of mercury levels in blood, hair
and urine. Environmental samples such as air, water, sediment and fish were analyzed for total
mercury.

3. The 6th international Conference on Mercury as a Global Pollutant(6th ICMGP):

Results/firidings of the collaborative research studies undertaken by the NlN41D were presented
during the 6th ICMGP, including works done with local counterparts and three CRP members
(Tanzania, Philippines, Slovenia)

4. Publications:

A research paper on the collaborative research work done with Tanzania was recently
published in an international scientific j ournal.

5. Programme of work for 2001-2002:

The programme of work for the next CRP will focus on the following research outputs:

• Definition of physico-chemical variables in transformation studies (methylation,
demethylation and reduction) in aquatic systems.

• Evaluation of relevant factors influencing mercury methylation and partitioning in
ecosystems.

• Validation and application of combined extraction - speciation techniques for the
measurement of mercury fluxes in water-sediment systems.

• Evaluation of human exposure to mercury using bio-indicators.
• Comparative studies on the effects of salinity on mercury transformation and

partitioning.
• Comparison of results for mercury methylation and distribution in aquatic systems

using radiochernical and conventional analytical techniques.
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HIGHLIGHTS AND ACHIEVEMENTS

Health assessment for mercury exposure:

This is the first comprehensive health evaluation made by the Department of Health of the
mining community's exposure to total and methyl mercury. Previous studies have mainly
focused more on the health risks associated with occupational exposure to mercury. Other
sources of mercury exposure such as diet and other environmental media was not investigated
and the population studied did not include high risk groups such as pregnant women and
children.

Results:

Fifty-three 53) research subjects were selected by stratified random sampling in a mining
community in Sibutad, Zamboanga del Norte, Philippines. There were 40 75.47%) adults
aged from 26 to 50 years and 13 children aged 6 months to I I years.

Environmental monitoring results showed that ambient air monitoring of three sampling
station exceeded the standards for mercury in ambient air. Water quality monitoring of a
drinking water source showed a slightly higher level than that obtained from a nearby river.
Mercury levels in marine/aquatic samples ranged from 403-62.97 ng/g for total mercury and
3.75-35.98 ng/g in 9 species. These levels were below the recommended USFDA standard of
500 ng/g. The proportion of methyl mercury ranged from 22.98%-89.78%.

Hair samples in 51 respondents showed total mercury and methylmercury levels which ranged
from 095-68.68 ng/g and 073-5.81 ng/g. The proportion of methyl mercury in hair ranged
from2.66-99.98%. 10hadelevatedtotalmercurylevelsand23withelevatedmethylmercury
levels.

Blood samples from 50 respondents showed total mercury and methylmercury levels ranged
from 274-29.47 ug/L and 163-23.11 ug/L A total of 23 blood samples from the 50 tested
showed total mercury values will be followed up for possible detoxification while 10 had
elevated methylinercury levels.
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Conclusions drawn:

• A significant number of biomarkers from adults showed elevated total and methyl
mercury levels in both blood and hair.

• There were 23 subjects with elevated total blood mercury levels who could be
candidates for possible chelation if other criteria are fulfilled.

• All marine samples analyzed showed values of total and methyl mercury within
acceptable limits.

• Environmental monitoring results showed ambient air monitoring for mercury levels
in three sampling stations exceeding permissible levels. Likewise mercury levels in
the receiving water body and in the sediment exceeded the recommended standards.
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SCIENTIFIC BACKGROUND OF THE PROJECT

Activities at mercury (Hg) mines can lead to the mobilization of large quantities of Hg that
enter the environment and are transported downstream. Although much of this Hg is
deposited near the source, over time much of this Hg can be carried hundreds of kilometers
where it can potentially enter and bioaccumulate in distant food webs. Mining activities in the
ldrija, Slovenia mining district occurred for 500 years and the legacy of that mining can be
seen in high concentrations of Hg throughout the watershed and into the Gulf of Trieste.
Mercury concentrations are high in the sediments near the mouth of the Soca/Isonzo, River in
the Gulf, and the Soca River continues to deliver -1.5 tons of Hg to the marine environment
-100 km from the mine. Much of the Hg carried to the sea is probably as fine cinnabar
particles, and the potential remobilization and further transformation of this Hg is of concern
with regard to local environmental and the accumulation of methylmercury (MeHg in
seafood. Mercury sulfide minerals are subject to dissolution and increased bioavailability
when they contact sulfidic environments such as what occurs in coastal marine sediments.
This "newly" available Hg can potentially undergo methylation to supply the environment
with newly formed M[eHg. Indeed, Gulf sediments contain significant concentrations of
MeHg and euxes of M[eHg from Gulf sediments have been observed in recent studies.
However, sediments can also support active demethylation by aerobic and anaerobic bacteria.
This demethylation can be due to either oxidative or reductive pathways. The present study
was conducted to determine the potential of sediments from the Gulf of Trieste to methylate
and demethylate Hg including an assessment of which demethylation pathway is most
prevalent.

PROJECT OBJECTIVES

• Location of primary sources and sinks of total and MeHg

• Determine the relationship between the sulphur cycle and Hg methylation and
demethylation and reduction

• Perform tracer experiments on Hg methylation and dernethylation using radiotracer
experiments and stable isotopes, if possible

• To quantify Hg fluxes and the fate of Hg in the river system, accumulation in the flood
plain and final input to the marine environment
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ACHIEVEMENTS

The scientific achievements of the project conducted so far can be summarized as follows:

• The Hg transport legacy of the mining in ldrija is seen at the mouth of the Isonzo
River where Hg levels are quite high but the concentrations of Hg decrease quickly
offshore.

• Hg transformations are active throughout the Gulf of Trieste suggesting that Hg is
remobilized into bioactive forms near the mouth of the river due to the effects of
increased sulfide production as salinity increases.

• Although total Hg and MeHg were highest near the river mouth, concentrations of
dissolved Hg species were similar, suggesting equilibrium between production and
flux, or relatively similar rates of production and/or dissolution of Hg species.

• Concentrations of M[eHg decreased greatly with sediment depth suggesting that MeHg
demethylation was much more rapid in surficial layers than below 3.0 cm.

• Rates of both methylation/dernethylation processes were most rapid in summer by up
to 10 fold. Carbon of MeHg was mainly converted primarily to C02 suggesting
oxidative demethylation, however, significant proportions of CH4 were detected in
surface sediments in winter (March) at sites with lowest total Hg.

• The formation of CH4 from MeHg must have occurred by the reductive pathway of the
mer operon genetic system in bacteria. The fact that this pathway was only important
in surface sediments and during colder periods suggests that the reductive pathway is
restricted to oxidizing sediments while the oxidative path is primarily anaerobic.

• Preparation of the intercompariosn soil sample SOIL-1.

• Development and validation of methodology to study methaltion, dernethylation and
reduction in soils, experimental animals and lichens.

3 



XA0404118
TITLE: DETERNUNATION OF PARAMETERS INFLUENCING METHYLATION

AND DEMETHYLATION IN TROPICAL LAKES IN BRAZIL AND
NICARAGUA

CSI: LARs D. HYLANDER

INSTITUTE: Dept. of Limnology
Evolutionary Biology Centre
Uppsala University
NorbyvAgen 20
S-752 36 Uppsala
SWEDEN

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

A well planned field campaign is a highlight for any researcher working in the field. Correctly
sampled and identified samples are the true base for high quality research. Poorly collected
samples can never be corrected, no matter how much resources are spent on sample
preparation and analysing equipment. With experience from several field campaigns, I think
the following points might be helpful to achieve scientifical results worth publishing.

• Information. VFORM all participants in a field campaign on their area of
responsibility, material to bring, dates and times, etc. The coordinator has the main
responsibility for informing the participants. And the participants should confirm
received information. Make a detailed research plan and do not expect anybody to
perform sampling if this has not been combined, prefereably written to avoid
misunderstandings due to expected tacidly implied agreements. The coordinator
may delegate to another person to compile the plan, in which case it certainly should
bear the name of that person.

• Make a PLAN with aim, objectives, and expected outcomes. Search for existing
data and literature from the area and identify where additional research is needed.
Compile then a scheme with methods to use, relevant to the objectives and existing
funds. High quality research can be done with limited funds! Continue with a list on
materials to bring with you to the field and a realistic time schedule. (Since I am a
time optimist I never realize that research always lasts twice as long as expected.)

• Get hold of a topographic MAP, e.g. at the National Survey, and identify suitable
sampling points (incl a few alternative ones).

• Organize a PLANNING MEETING with participating persons to discuss the plan
and define the area of responsibility for each one.

• Take short and concise NOTES from all meetings, which relate treated matters and
made agreements and decisions. The one writing the notes and two additional
persons selected at the meeting should sign the notes, thereby confirming that they
are adequately relating/referring to the matters discussed. The notes should be sent
to ALL participants within 3 days.

• Taking care of obtained DATA is as important as taking care of samples and
analyses. Enter obtained data in Excel files as soon as possible and control their
reliability, while it still is possible to track any abnormalities.

• Final points: Anybody able to write can produce data. The goal must be to get data
possible to publish. And then PUBLISH them! Good Luck!
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SCIENTIFIC BACKGROUND

Tanzania experienced unprecedented rush for gold mining in late 1980s and early 1990s when
a similar gold rush was taking place in Latin America and other developing countries because
of good gold market prices. The gold rush in Tanzania was also prompted by the socio-
economic and political transformations that were taking place in the country. The
liberalization of mining policy and regulations by the government allowed foreign and local
private investment in mining and encouraged small-scale mining and gold trade. Because of
the liberalization, thousands of local miners, mostly from rural communities, rushed to gold
mining for subsistence income. The use of mercury in gold recovery became widespread in
Tanzania as a result of the gold rush.

From 1992/93, the Department of Geology of the University of Dar es Salaam (UDSM in
collaboration with the National Environment Management Council (NEM[C) initiated studies
to assess the extent of mercury pollution in the country. Further studies on mercury and other
heavy metal pollution were undertaken between 1993 and 1997 by UDSM, under a broader
project on Environmental Aspects of mining and industrialization in Tanzania", supported by
the Swedish Agency for Research Cooperation with Developing Countries SAREC
(Sida/SAREC). The above studies revealed the presence of elevated mercury concentrations
in gold-ore tailings and river sediment in several gold mining areas. Studies to evaluate
environmental transformation, partition and bioaccumulation of mercury in different
environmental matrices and the long-term impact of mercury pollution have not been done.
The present research project was initiated to provide scientific database necessary to better
understand the environmental behaviour and cycling of mercury in the southwest Lake
Victoria goldfields. Such data are necessary in the evaluation of environmental impacts of
mercury pollution and in the mitigation of adverse impacts on the ecosystems and human
health.

PROJECT OBJECTIVES

The main objectives are to:

Determine the levels and dispersion patterns of mercury in different environmental
media in selected areas of the southwest Lake Victoria goldfields
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• Evaluate the implications of mercury levels in the environmental media on fish and
human health

• Study the transformation and partition of mercury in sediment-water systems
contaminated by gold-ore tailings in order to determine environmental factors or
conditions that enhance the mobility and cycling of mercury in tropical ecosystems
impacted by metallic pollution from gold mining operations.

• Evaluate the long-term impacts of mercury transformation and cycling in the
southwest Lake Victoria gold fields on the ecosystem and human health, based on
experimental results.

ACHIEVEMENTS

The scientific achievements of the project are embodied in the following findings:

• Mercury transport along the Mabubi River from the Mugusu mine is low. Mercury
levels in the river sediment fall almost to background levels 100 gg/kg) about 9 km
downstream of the gold-ore processing site.

• That mercury levels in fish species from the Nungwe Bay in Lake Victoria are
extremely low 2 - 34 �tg/kg). Hence the consumption of those fish species do not
seem to pose any serious human health risks, based on WHO mercury limit of 500
gg/kg in edible fish.

• That mercury contamination from gold mining operations in the southwest Lake
Victoria goldfields has so far not led to elevated mercury concentrations in the Lake
Victoria fish in the Nungwe Bay which receives river and storm drainage from the
gold mining areas.

• Lichens, especially Parmelia sp., were found to be suitable as a bio-indicator in the
assessment of air mercury pollution from gold mining operations in the southwest
Lake Victoria goldfields.

• Mercury uptake by gold fish in a sediment-water system contaminated by metallic
mercury from gold-ore tailings in an aquarium experiment was very low, suggesting
low bioavailability of mercury in the system; hence the necessity to study the
speciation, partition, and bioaccumulation of mercury in such aquatic systems.

34



)(AO404120

TITLE: MERCURY EXPOSURE THROUGH FISH CONSUMPTION IN RIPARIAN
POPULATIONS AT RESERVOIR GURI, USING NUCLEAR
TECHNIQUES, BOLIVAR STATE, VENEZUELA

CSI: DARio BERMCTDEZ

INSTITUTE: Universidad Nacional Experimental de Guayana
Coordinaci6n General de Investigaci6n y Postgrado, Centro de Biotecnologia
Estado Bolivar
VENEZUELA

HIGHLIGHTS AND ACHIEVEMENTS

At present, according to our results so far, we have teamed that this project has an important
social component which we have to take into account. The characteristics of the population in
the nearby of reservoir Guri and the changes in the circumstances economic, politic and social
of this country are causing quickly and severely modifications on the living conditions of that
people.

It is a reality that these changes can occur in a sensible manner between the time we collect
the information and when the data arrives finally to the institutions.

The communities included in this project are represented by social groups consolidated for
more than 200 years so even if we may observe changes in their living conditions, it is
intrinsic to them the presence of subjective structures that impose both individual and group
behaviors that some time do not agree with the planner interest.

On the other hand we believe that was obtained a very important information related to the
socioeconomic situation of the two populated centers sampled and on the habits of fish
consuming. In addition, we did an approximation of the total population in these localities. In
the future we have to do the same with the other communities because of the lack information
up to date. The 2001 census will be available next year.

We have now the selected homes and individuals to start working with the next steps of the
project.

In the framework of the project we promote several meeting in order to design an
intercalibration program among different laboratories for metal analysis. Actually these labs
are filling in a simple questionnaire to harmonize the program. This activity has had the
acceptance of the Pan-American Sanitary Office, Regional Office of the World Health
Organization in Venezuela.
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Abstract

Measurements of net 20'Hg methylation potencials were made in a set of floodplain lakes of the Tapaj6s
river, Brazilian Amazon, on roots of the floating macrophyte Paspalurn sp. during the wet and dry
seasons. Water physico-chemical parameters and C, N, and C and N isotopic ratios on root -associated
periphyton were also determined. We confirmed the high Hg methylation potencials in roots of Paspalurn
sp. and other macrophyte species (up to 22%) but observed that the intra and inter-lake variations in root
methylation potencials are high, even when sampling one single macrophyte species. Correlations
between Hg methylation in roots of Paspalurn sp and other measured parameters are low, possibly due to
the limited data set available so far. Other tracer techniques have been recently introduced in this study,
such as measurements of bacterial activity estimated by tritiated leucine uptake and sulfate-reduction
measurements 35 S04 uptake, and it is expected that they will contribute to the understanding of the
environmental parameters controlling Hg methylation in the studied water systems.

1. INTRODUCTION

In the frame of a collaboration project between UFPA, UQaM and UFRJ, supported by IAEA
203and IDRC/Canada, Hg net methylation and a set of biogeochemical parameters were

determined in macrophyte roots and other samples in floodplain lakes of the lower Tapaj6s
river. This sector of the river is situated downstream the very active Tapaj6s gold mining
region and consequently its recent river and lake sediments show a clear Hg enrichment.
Three sampling stations were established in each lake, with different degrees of terrigenous
run-off influence, macrophyte and periphyton biomass. At each station methylation essays
were performed on macrophyte roots. Periphyton density and biogeochemical parameters
such as C and N isotopic ratios, chl a and others are determined on each periphyton sample to
determine te nature and origin of periphyton and the influence of these parameters on Hg
methylation.

The present report covers the activities performed since the last report, dated July 2000. This
last report described the study areas and objectives and the results from the first campaign in
May 2000 (end of the rainy season). We describe here the results ftom the second campaign
in January 2001, corresponding to the dry season. A third field campaign was recently made
(dry season, September 21 to October 3 rd 2001) and will be briefly described.
Field work was done in collaboration with the Federal University of Pard, Brazil (UFPA) and
Universit6 du Quebec Montr6al (UQAM) and periphyton analysis is also performed at
UQAM. The other participant teams are studying Hg and MeHg bioaccumulation in local
food-webs and Hg behaviour in soils of watersheds of the studied lakes and it is expected that
the synthesis of all these data (including the ones from this sub-project) may shed some light
on the land-lake exchanges and their role on MeHg production and bioaccumulation.
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2. METHODS

Hg methylation potencials are measured by means of a simplified radiochernical technique
consisting of in-situ sample incubation with low amounts of 203Hg2+ and extraction of formed
Me 203 Hg in toluene and quantification by liquid scintillation counting (Guimaraes et al, 1995).
This method was compared to distillation and extraction with dithizone and yielded similar
results at lower cost and analysis time both for macrophyte roots and bottom sediments (Brito
& Guimaraes, 1999).

C and N in periphyton was analyzed on a Carlo Erba Elemental Analyzer and C and N
isotopic ratios were measured by ICP-MS.

3. ACTIVITIES DURING THE SECOND FIELD CAMPAIGN

The activities were essentially the same as those in the first campaign, namely the
determination of net mercury methylation potentials in roots of a floating aquatic macrophyte,
Paspalurn sp, in a set of Tapaj6s river floodplain lakes, Brazilian Amazon, aiming at tracking
parameters that control methylmercury production in this important Hg methylation site. This
time experiments were focused on Paspalum sp. samples only as the work described in the
previous report showed that the submerged roots of this dominant macrophyte are also the
ones with the higher methylation potentials among local floating macrophyte species.

4. RESULTS AND DISCUSSION

The sampling points established in the previous campaign were maintained and are described
in fig. 1. They were selected in an attempt to include, for each lake, locations with river, land
or mixed influences. Hg methylation potencials in Paspalum sp. samples from the different
study lakes are shown in figures 2 and in figure 3 data from the same sampling points in this
and the previous campaign are pooled together. The main continents and conclusions that can
be drawn at this stage are summarized below:

• High methylation potencials (up to 22%) are found in roots of Paspalurn repens in
both campaigns with a tendency for higher values in the first campaign were water
level was higher.

• Though these differences are not significant because of the important variations found
again among sampling stations and lakes, they are coherent with previous findings of
higher methylation potencials and higher MeHg concentrations during the flood pulse.

• Hg methylation in macrophyte roots is perfonned. mainly in the root-associated
periphyton and periphyton samples were taken in both campaigns for biogeochemical
analysis. All samples from the second campaign were accidentally thawed due to a
freezer malfunction upon return from the field and could therefore be usable only for
analysis of clay and total C and C isotopic ratios (presently underway). The data from
analysis of periphyton samples of the first campaign are shown in table 1. The
correlations between Hg methylation potencials in Paspalum sp. roots and the
periphyton or water biogeochemical parameters are weak or absent, possibly due to
the reduced number of available data. It is hoped that the inclusion of the limited data
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from the second and complete data from the third campaigns will allow a better
evaluation.

• Preliminary analysis of data from the other research teams involved in the project
suggest that the influence of terrigenous inputs on the Hg loads and cycling in the
local aquatic enviromnents may be hard to pinpoint, considering the moderate
magnitude of these inputs in comparison to the inputs of the Tapaj6s river and the
intense dynamics of the lakes themselves.

• Based on the above observations, some changes were made on the experimental
design of the study for the third campaign. Only Paspalurn sp. samples were taken, as
in the second campaign, but in a higher number of points in each lake 9 per lake) and
restricting the sampling to two lakes, Pucfi and Pereira. A wider range of root
condition, size, age, degree of periphyton load, depth and position in the floating mat
was covered, aiming at increasing the range of all measured parameters to better
highlight existing correlations, if any.

5. PLANS FOR FUTURE WORK

During the last campaign, all samples for measurements of Hg methylation potencials and
analysis of periphyton biogeochemical parameters were also used for measurements of
bacterial activity (by 3H-Ieucine uptake) and sulphate-reduction activity (b y 35 S04 uptake),
and extraction and analysis of these samples are presently underway. This preliminary work
will be complemented by extensive laboratory tests to adapt these techniques to the peculiar
working conditions in the Amazon and optimize procedures for sample conservation,
extraction and measurement.

The conclusion of correlation analysis between Hg methylation and the other measured
parameters depends on sample analysis still in progress at UQATWCanada, expected to be
concluded during next year.
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TABLE 1: CORRELATION MATRIX BETWEEN ALL MEASURED PARAMETERS IN THE
FIRST CAMPAIGN (WET SEASON, MAY 2000). THE METHYLATION POTENCIALS WERE
DETERMINED ON PASPALUM SP. ROOTS, C, N, C/N AND ISOTOPIC RATIOS WERE
DETERMINED ON PASPALUM SP. PERIPHYTON AND THE OTHER PARAMETERS ON THE
WATER COLUMN

% % N C/N AC13 AN15 % methylation

% 

% N 0,981

C/N -0,389 -0,556

AC13 0,102 0,150 -0,191

AN15 -0,689 -0,721 0,447 -0,072

% methylation -0,324 -0,304 0,029 -0,511 0,573

pH -0,182 -0,169 0,041 -0,002 0,411 -0,170

Conductivity 0,157 0,142 -0,021 0,027 -0,420 0,115

Secchi disk -0,005 -0,075 0,243 -0,439 -0,311 0,025

Temperature 0,355 0,304 0,043 -0,705 -0,474 -0,040

Dissolved 02 -0,420 -0,437 0,271 0,423 0,258 -0,520
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FIG 1: Location ofstudy lakes and sampling points
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FIG 2 Net mercury methylation potentials (Me 203Hg as of added total 203Hg) in Paspalum sp. roots
ftom the different sampling points and lakes, January 2001. For each lake the bars represent the
sampling points in the same numerical sequence as in Fig. .
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Hg methylation in Paspalum sp. roots, dry x wet season OIS
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FIG 3: Net mercury methylation potentials (Me2O3Hg as % of added total 203Hg) in Paspalum sp. roots

from the different sampling points and lakes, in the first (wet season) and second (dry season)

campaigns. For each sampling point two bars are shown, the first representing the data for the dry

season (s) and the second one for the wet season (c).
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Abstract

Mercury is a highly toxic non-essential element. The mercury cycling in natural environments is a
complex process. In recent years, the stable mercury isotope tracer and related analytical techniques have
been developed. They offer unique possibility to understand the biogeochemistry of mercury in various
environmental conditions. So a new coordinated research project (CRP), on health impacts of mercury
cycling in contaminated environments studied by nuclear techniques, has been supported by the LAEA.
This paper introduces the research project which UEA research contract number is CPR-10874 It
includes the scientific background, scope of the project, methods, some results related this CRP and the
plans for future work.

1. INTRODUCTION

Mercury as a global pollutant has concerned worldwide since the end of the 1980s. It emitted
to atmosphere from both anthropogenic and natural sources. Important source of the former is
discharged from the combustion of fossil fuels as well as production and use of Hg [I]. When
coming back to earth's surface with wet and dry deposition, 93.7% of it entered terrestrial
ecosystem 2]. While the terrestrial food chains would be polluted by mercury.

In the past 20 years, China's economy was forging rapidly ahead. The combustion of fossil
fuels was increasing year after year, especially in some industrial cities. For example in
Chongqing, which is an important industrial city in southwest China and is located at the
subtropical zone, it was reported that about 7 million tons of coal was consumed in 1980 but
more than 15 million tons of coal was used in 1995 3].

For this and other reasons, about 5000 kg Hg was emitted to the atmosphere there per year. In
1995, for example, about 5680.3 kg mercury was emitted, 87.8% of which was from coal
combustion. It was found that Hg contents in soils, edible parts of some vegetables were
increasing up to unacceptable level in Chongqing area 4 Moreover, the fishponds, which
produce the main aquatic production in the area, were also affected by the mercury
deposition. So, it is important that finds out the laws of atmospheric Hg depositing into soil-
plant system, fishponds and terrestrial food chains. So a new coordinated research project
(CRP), on health impacts of mercury cycling in contaminated environments studied by
nuclear techniques, has been supported by the IAEA.

In the first research year 1999/10/01-2000/10/01), according to the contract (PRC-10874)
our work included:

0 Collection of environmental samples such as air, soil and sediments, plants, fish, and
water, at selected sampling sites;
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• Analysis of the mercury content in the collected samples using CVAFS (or CVAAS),
ICP-MS;

• Collection and analysis of human biological material samples, for example hair and
urine.

During the second research year 2000/10/01-2001/10/01), according to the contract (PRC-
10874 RI) our work included:

• Investigating the transformation of atmospheric mercury deposition in soil-plant-water
system studied by stable isotope trace.

• Study the rate of mercury uptake of vegetables from atmosphere or from soil.

2. METHODS

2.1. Selection of Research Sites

In the investigation, we selected Chongqing for the research field of the CRP in China.
Chongqing is located at subtropical zone (28027'49"N-30'26'28"N and 105'17'2"E-
107027'30"E), it is an important industrial city in southwest China. Three fixed research sites
have been selected in difference atmospheric mercury conditions in Chongqing. They were
heavy pollution site, medium pollution site and control site. The heavy pollution site was near
a clinic thermometer factory, the medium pollution site was near a fire power plant and the
control site was a rural site.

For this project, the samples were mainly collected in the fixed research sites. Furthermore,
some samples of water, sediment and fish were also collected from other sites, for example
mainstream of the Yangtze River and its branches and some reservoirs in Chongqing, and
some samples of fish were collected from the markets.

2.2. Methods of sampling and collection of samples

Air samples were collected by amalgamation on gold trap; soil samples were collected at the
depths of 020 cm; plant samples were collected in the edible part; sediment samples were
collected with the sediment collector; water samples were collected at the center of fishponds;
fish samples included the difference feeding habits fishes that the research site had; hair and
urine samples were the local residents'.

Up to the present, 161 fish samples, 81 water sample, 81 sediment samples, 37 soil samples,
62 plant samples, 143 hair samples, 49 urine samples and 158 air samples have been collected
and been analyzed, respectively (Table I).

2.3. Methods of samples analysis

Items of samples analysis: total mercury of whole samples; organic mercury or methyl-
mercury of fish, water, sediment, hair samples; isotopic abundance ratio of mercury of some
important samples; pH of water, sediment and soil samples; EC of water and sediment.

Pretreatment of samples: soil and sediment samples were digested with HN03-H2SO4-KMnO4
for total mercury measured; plant and fish samples were digested with HNO3-H2SO4-V2O5;

mercury of water samples were accumulated using sulfhydryl cotton fiber (SCF); extraction
of methylinercury in samples using 2N HCl, separated by SCF.
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Mercury measured: total mercury in the samples was analyzed using CVAFS (or CVAAS);
distribution of mercury isotopes in the samples were analyzed using ICP-MS; methylmercury
were analyzed using GC (ECD).

TABLE L SANIPLES SANIPLING IN THE RWESTIGATION

Samples Numbers of sample

(1) Fish samples Fish samples of fishponds 84
Fish samples of river or reservoirs 56
Fish samples from markets 21

(2) Water samples Water samples of fishponds 53
Water samples of river or reservoirs 28

(3) Sediment samples Sediment samples of fishponds 53
Sediment samples of river or reservoirs 28

(4) Soil samples 37
(5) Plant samples 62
(6) Hair samples 143

(7) Urine samples 49
(8) Air samples 158

2.4. Experiment design for studying the transformation

Two treatments of B I, which 3 kg air-dry <3 mm) was put in a 6x I 2 cm plastic pot.), and 2

(Bl+l% humic substances) were put in a room with an average air Hg concentration of
796.4±186.3 ng/M3 under constant moisture for 60 days. Furthermore, two treatments PI and
P2 were set up according to the same design as and B2, respectively, but the soils of Pi and
P2 were applied 2 mg/kg Hg (11) with HgC12 solution. After mixing thoroughly, the soils of PI
and P2 were incubated in the laboratory under constant moisture for two months. The PI and
P2 were regarded as the treatments that were polluted by contain-Hg waste water and the I
and B2 were regarded as the treatments that were polluted by atmospheric Hg. After 60 days,
the soil samples Of PI, P2, 131 and B2 were collected. Then the various forms of Hg of native
soil (CK), PI, P2, B and B2 were determined immediately according to the sequential
extraction procedure 5][6] listed at Table 11.

2.5. Experiment design for studying the uptake rates of mercury by vegetable

Two groups of pot experiments, the high air Hg condition with an average air Hg
concentration of 57.6±14.7 ng/m 3 and the low air Hg condition with an average air Hg
concentration of 22.8+3.7 ng/M3, were carried out at the simulated experiment. Two same
treatments were adopted in each group (Table III). Neutral purple soil (Table IV) was taken
for the study.

The experiments were carried out ftorn 09/1999 to 08/2000. Four kinds of vegetables, radish,
capsicum, lettuce and kidney bean, were planted at different seasons. Every vegetable sample
was collected and was analyzed after its seedling was cultured for 50 days in the experiment
soil according to above mention treatments. The soil samples were also collected and
analyzed at the same time.

5 1



2.6. Quality assurance and quality control

• Fields investigated, sampling collected with standard operating procedures;
• Quality control of analysis using standard geochemical samples and reference

materials.

TABLE 11 TE SEQUENTIAL EXTRACTION PROCEDURE OF ANALYSIS OF MERCURY
SPECIES IN SOIL SAMPLES

Step Extracting method Mercury species
1.00 g of soil sample was weighed into a 50 ml plastic centrifugal
tube, and 20 ml of 0 I mol/L CaC12 (pH=7) solution was added in. Active Hg

I Vibrate the tube for 30 min at room temperature, and centrifuged it at (include soluble Hg and
3500 rm.p for 10 min. The aqueous phase was transferred to a 25 ml exchangeable Hg)
volumetric flask. Adopt CVAFS method to analyze Hg content.
20 ml of lmol/L HCI and 0.5 Ml Of 1% CUS04 solution was added
into the residue above. Vibrate the tube for 30 min at room HCI-dissoluble Hg

11 temperature, and centrifuged it at 3 00 rm.p for 1 0 min. The aqueous
phase was transferred to a 25 ml volumetric flask. Bromized the
solution, then adopt CVAFS method to analyze Hg content.
20 ml of 1% KOH solution was added into the residue above. Vibrate
the tube for 30 min at room temperature, and centrifuged it at 3500

III r.m.p for 10 min. The aqueous phase was transferred to a 25 ml Organic-bound Hg
volumetric flask. Bromized the solution, then adopt CVAFS method
to analyze Hg content.
IO ml of 2 mol/L HN03 was added into the residue above. Vibrate the

IV tube for 30 min at room temperature, and centrifuged it at 3500 rm.p Hgo form
for 10 min. The aqueous phase was transferred to a 25 ml volumetric
flask. Adopt CVAFS method to analyze Hg content.
10 ml of aqua regia was added into the residue above, heated at 9O'C

V in a water bath for 4 h, and centrifuged it at 3500 rm.p for 10 min. Residual Hg
The aqueous phase was transferred to a 25 ml volumetric flask.
Adopt CVAFS method to analyze Hg content.

TABLE III: EXPERIMENT DESIGN FOR STUDYING TE ERCURY UPTAKE RATES BY
VEGETABLES

Air treatment Air H�' content Soil treatments Treatment Soil Hg content
(ng/m ) mark (mg/kg)

Low air Hg conditions 22.8±3.7 Native soil A 0.0973
Native soil applied Hg B 0.199

High air Hg conditions 57.6±14.7 Native soil C 0.0973
Native soil plied Hg D 0.199
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TABLE IV: PROPERTIES OF EXPERIMENT SOIL

Soil pH O.M. CEC Clay(<lgm) Hg
(H20,1:2.5) (g/kg) (c mol/kg) (g/kg) (mg/kg)

Neutral purple soil 6.92 10.4 18.4 149 0.0973

3. RESULTS AND DISCUSSION

3.1. Content of mercury in atmosphere in Chongqing

The results from the investigation indicated that the Hg concentration in atmosphere in
Chongqing was in the range of 92 to 101.5 ng/M3 and its average concentration was

334.4±12.7 ng/m .Table V shows that the average concentration of atmospheric mercury in the
research sites. The Hg emitted source in heavy pollution site was the clinic thermometer
factory, in medium pollution site was the fire power plant. The concentrations of air Hg in

heavy and medium pollution sites were much higher than that in control site.

TABLE V: CONCENTRATION OF AIR HG IN THE RESEARCH SITES

Heavy pollution site Medium pollution site Control site

Air Hg (ng/mj) 61.6±27.9 42.6±6.9 11.4±4.2

3.2. Content of mercury in fish, water and sediment in Chongqing

Table VI showed the mercury in fishpond systems in the research sites. From these data, they
indicated that the accumulation of mercury in fishponds in polluted sites was much higher
than that in control site. So the contents of mercury in muscle of fish in polluted sites were
higher than that in control site. The contents of mercury in all the muscles of fish in heavy
pollution site exceeded the limit of Food Health Standard Value (FHSV) for Hg (of China) in
fish 0.3 mg/kg FW).

TABLE VI: CONTENTS OF MERCURY N FISHPONDS IN THE RESEARCH SITES

Heavy pollution site Medium pollution site Control site

In water (ng/L) 96.8-1789 55.3-935 20.0-53.2

hi sediment (mg/kg DW) 0.531-13.5 0.275-2.68 0.0950-0.189

In muscle of fish (mg/kg FW) 0.307-2.46 0.107-0.417 0.0268-0.0941
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Table VII showed that the contents of mercury in Yangtze River and some reservoirs in
Chongqing. The contents of mercury in muscle of fish from the Yangtze River were lower
than the FHSV, but some data from the reservoirs were higher than the FHS`V.

TABLE VII: CONTENTS OF MERCURY IN YANGTZE RIVER AND RESERVOIRS

Main stream Branches Reservoirs
In water (ng/L) 48.3-71.2 55.3-89.8 36.5-119

In sediment (mg/kg DW) 0.0847 0.0622-0.128 0.0913-0.130

In muscle of fish (mg/kg FW) 0.0174-0.122 0.0383-0.258 0.0231A.414

3.3. Mercury in soil-plant system

Because of serious air pollution by Hg in some places in Chongqing, the soil-vegetable
system had been polluted. It was found that the content of mercury in the edible part of some
vegetables, for example lettuce, Chinese cabbage, green pepper and so on, had exceeded the
national limits (Food Health Standard Value, FHSV) for Hg of China (GB, 2762-82, 0.01
mg/kg FW), especially in heavy polluted area. Table VIII appeared that the contents of
mercury in all the vegetable samples were higher, 91.7% of which was in excess of the FHSV.
In the medium polluted site, the contents of mercury in the vegetable samples exceeded
FHAV with 28.6%, while in the control site, which was far from Hg emission sources, the
vegetables were in good quality there.

TABLE VIII: MERCURY N SOIL AND VEGETABLE IN TE RESEARCH SITES

Sites of sampling Soil (mg/kg) Vegetable (mg/kg FW)
range mean range mean

Heavy pollution site 0.247-0.433 0.310 0.0027A.213 0.083
Medium pollution site 0.098-0.214 0.174 0.0017A.093 0.014
Control site 0.043-0.075 0.065 0.00086-0.0098 0.0033

3.4. Content of mercury in hair and urine

In the investigation, some hair and urine samples of human were collected and were analyzed
for studying the health impacts of mercury cycling in different contaminated environments.
The data of analysis were presented in Table IX and Table X. The contents of mercury in hair
and urine from the pollution sites were higher than that in the control site. It indicated that the
crowd in mercury-polluted area had been impacted by mercury.
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TABLE IX: CONTENTS OF MERCURY IN HAIR (MG/KG)

Sites of Men Women
Sampling* number range mean number range mean
H. P. site 31 0.393-8.78 3.22 28 0.303-12.4 4.17

M. P. site 24 0.289-6.16 1.84 25 0.523--6.55 2.03

Control site 18 0.177-4.45 0.971 17 0.261-5.14 1.12

*H. P. site = Heavy pollution site; M. P. site = Medium pollution site.

TABLE X: CONTENTS OF MERCURY IN URINE (MG/L)

Sites of Men Women
Sampling number range mean i�umber range ean
H. P. site 8 11.3-40.8 28.1 1 1 6.38-45.7 22.5

M. P. site 9 1.26-19.4 9.16 9 0.925-23.4 11.4

Control site 6 0.845-8.33 3.14 6 0.637-10.2 3.46

3.5. Relationship between atmospheric mercury and plant leaves mercury content

The results of investigation indicated that the bioaccumulation of Hg in plant leaves was
related to the concentration of atmospheric Hg, which was linearly correlated as Figure I
showed, with correlation coefficients of 0.925** (n=39).

Hg in plants came both from soil and the atmosphere. On the whole, Hg contents in plant
leaves increased with the increase of air-Hg, the correlation equation was:

y = 0.0173x-0.3204

Calculation from this equation showed that the accumulation of Hg in plants stemmed mainly
from soil rather than atmosphere when air-Hg was lower than 18.5 ng/M3 , however

contribution of air-Hg to plant Hg accumulation was increasing with the increase of Air-Hg
when its concentration was higher than 18.5 ng/M3. Similar to the variation of air-Hg with the
distance from the Hg emission source, the Hg contents in leaves of banyan-tree and lettuce
were decreased as the increase of the distance from the Hg emission source in a thermometer
factory, their relations could described by following equations:

Yb = 88.806x-0.8365 R2=0.9502

0.5778 2
y = 2.2677x R =0.9209
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FIG 1: Relationship between plant leaves and air Hg

3.6. Transformation of atmospheric Hg in soil

The distribution of various forms of Hg in native soil (CK), I, B2, Pl and P2 were listed in

Table XI.

TABLE XI: DISTRIBUTION OF VARIOUS FORMS OF HG IN SOIL OF VARIOUS
TREATMENTS

Treatment Active Hg HCI-dissoluble Organic-bound Hgo form Residual Hg Total Hg
Hg Hg

CK Content ND 0.0240 0.0194 0.0148 0.1748 0.2330
(mg/kg)
% in total 10.30 8.34 6.35 75.01

B, Content 0.0003 0.0677 0.0214 0.0722 0.3039 0.4665
(mg/kg)
% in total 0.06 14.54 4.60 15.51 65.28

B2 Content 0.0004 0.0821 0.0427 0.1220 0.3849 0.6321
(mg/kg)
% in total 0.06 12.97 6.74 19.27 60.81

P, Content 0.0026 0.6249 0.0707 0.1882 1.2625 2.1489
(mg/kg)
% in total 0.12 29.08 3.29 8.76 58.75

P2 Content 0.0022 0.6633 0.1843 0.2654 1.3747 2.4899
(mgikg)
% in total 0.09 26.64 7.40 10.66 55.21

Contrasting with the CK, the percentage of Hg' form in total Hg increased in the polluted soil

by atmospheric Hg, and so did the HCI-dissoluble Hg. But the percentage of organic-bound

Hg and residual Hg decreased. The distribution of various Hg forms in the polluted soil by

contain-Hg wastewater had the same variation as the polluted soil by atmospheric Hg.
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The contents of various Hg forms in the polluted soil subtracted by that in the CK were their
net contents (Table XII).

TABLE X1: NET INCREASING CONTENTS OF VARIOUS HG FORMS IN THE POLLUTED
SOIL

Treatment Active Hg HCI-dissoluble Organic-bound Hgo form Residual Hg Total Hg
Hg Hg

B, Net 0.0003 0.0437 0.0020 0.0574 0.1291 0.2335
increasing(mg/kg)
% in total 0.12 18.75 0.86 24.58 55.29

B2 Net 0.0004 0.0581 0.0233 0.1072 0.2101 0.3991
increasing(mg/kg)
% in total 0.10 14.56 5.84 26.86 52.64

PI Net 0.0026 0.6009 0.0513 0.1734 1.0877 1.9159
increasing(mg/kg)
% in total 0.14 31.36 2.68 9.05 56.77

P2 Net 0.0022 0.6393 0.1649 0.2506 1.1999 2.2269
increasing(mg/kg)
% in total 0.10 28.71 7.40 11.25 53.88

The results clearly demonstrated that the Hg transferred from air into soil had been
transfon-ned in two months in the pot experiment, 010-0.12% of which was in active Hg,
14.56-18.75% in HCI-dissoluble, 086-5.86% in organic-bound and 52.64-55.29 in
residual, respectively. The Hg' form-the main form of atmospheric Hg was only kept for
24.58-26.86% in soil. Additionally, the total net increasing content of Hg and the
transforming rate of organic-bound Hg and the maintaining rate of Hg' forms in the treatment
with humus (B2)were higher than tat in the treatment without humus (BI). The result
indicated that humus application could promote the Hg accumulation in soil.

After applied in soil, the H20-dissolutable HgC12 would be transformed. In the pot
experiment, after incubated in two months, only 010-0.14% of active Hg that applied with
HgCl2 solution remained in the soil. The rest had been transformed to other forms,
28.71-31.36% of which was in HCI-dissoluble 268-7.40% in organic-bound, 705-11.25%
in Hg' form, and 53.88-56.77% in residual, respectively.

3.7. Uptake rates of mercury by vegetable from atmosphere and soil

The uptake Hg amount of vegetables in the pot experiments was listed in Table XIII.

TABLE XIII: UPTAKE HG AMOUNT OF VEGETABLE PLANT IN POT EXPERIMENTS

Treatmen capsicum Kidney be Lettuce Radish
t mark biomass uptake biomass uptake biomass uptake biomass uptake

(g/pot) Hg (g/pot) Hg (g/pot) Hg (g/pot) Hg
(Rg/pot) 01g/pot) (Rg/pot) (Rg/pot)

A 5.4 0.0451 15.2 0.0600 41.4 0.123 25.7 0.1985.6 0.0623 15.0 0.0911 41.0 25.4 0.201Z0.235 95
C 5.6 0.261 14.8 0.140 39.9 0.481 26.3 0.524
D 5.2 0.289 15.0 0.180 39.1 0.631 26.4 0.620
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According to below expressions, the contribution rates of air-Hg to plant and soil-Hg to plant
were showed in Table XIV.

M [(C + D - (A B)]
,4MCR(%) � x I 0 =

D-A 2

N [(B + D) - (A + C)]
SMCR(%) � x I 0 N =

D-A 2

Where AMCR means the contribution of air-Hg to plant, SMCR means the contribution of
soil-Hg to plant.

TABLE XIV: CONTRIBUTION RATES OF AIR-HG TO PLANT AND SOIL-HG TO PLANT

Capsicwn Kidney bean Lettuce Radish
AMCR 90.7 70.4 74.2 77.1
SMCR 9.3 29.6 25.8 22.9

The results of the experiments showed that the four tested vegetables absorbed Hg came both
from soil and the atmosphere, 70.4%-90.7% of it came from the atmosphere and 93%-29.6%
came ftorn the soil.

4. PROGRAMME OF WORK AND EXPECTED OUTPUT FOR 2002

During 2002, we plan to take the study of Cycling of Mercury in Vegetable Land Systems in
Different Acid Deposition Areas.

It will select three fixed monitoring sites at vegetable land in different acid deposition areas.
The area of the land will be about 150 m2, lysimeters will be set up in each land for collecting
the soil water samples and the water sample will be imbibed out for analysis mercury content
at intervals of 15 days. Each rainwater will be collected and will be determined pH, EC and
mercury content. Furthermore, the samples of air, soil, plant, soil-sorption-water will be
collected and be analyzed at fixed intervals, respectively. After one-year monitoring, the input
value and sendout of mercury in the vegetable land systems will be calculated, the cycling of
mercury will be described in vegetable land systems in different acid deposition areas and the
reasons of mercury pollution of soil and vegetable will be proved up in acid deposition area.
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Ahstract

The environmental and amospheric samples ie. surface water, ground water, surface soil, sediment, rain
andjogftom arious sites of contaminated environments of central India were collected in year, 2000-
2001. The concentration levels of total-Hg in these samples were analyzed b using techniques Le. cold
vapor- atomic absorption spectrophotometer (CV-AAS), X-ray fluorescence spectrophotometer XTS).
Further, the data base of total Hg in the environmental samples would be validated in other laboratories
Le. Prof Dr. aus Heumann (Johannes Gutenberg-Vniversi07, Mainz, Germany), David Amouroux
(University of Pau, France) and Dr Joerg Feldmann (University of Aberdeen, Scotland, UK) for
exploration of the Hg-contaminated environments by using techniques ie. ICP-M31GC, gas
chromatography-induced couple atomic emission spectrophotometer (GC-ICP-AES), neutron activation
analysis ").

1 METHODOLOGY

The environmental and atmospheric samples were collected and prepared by using the
established approaches and methodologies. The liquid samples i.e. rain, water were collected
and immediately acidify with few drops of ultra pure nitric acids. The solid samples i.e. soil,
sediments were collected and dried up to 400C. They were crushed and sieved out to separate
particles of mesh size < 100 [im. The solid samples were digested with aqua-regia under
controlled temperature in a sealed tube. The technique i.e CV-AAS was used for monitoring
of the total Hg. The data would be validated by using sophisticated techniques i.e. ICP-MS/
GC-A-F, ESI-MS, etc.
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FIG 1: Presentation ofsampling sites in CG state of India

No Site No Site No Site

I Kota 8 Gariyaband 1 5 Raigarh
2 Jagad1pur 9 Rajnandgaon 1 6 Jaspumagar
3 Bhopalpatnam I 0 Chowki 1 7 Chirmiri
4 Manpur 1 1 Kharagarh 1 8 Ambikapur
5 Narainpur 1 2 Raipur 9 Dantewara
6 Devbhog 13 Bilaspur 20 Kanker
7 Nawagarh 14 Korba
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2. RESULTS AND DISCUSSION

The technique i.e. CV-AAS was used for the determination of total concentration of Hg in
environmental and atmospheric samples i.e. surface and, ground water, rain, fog, surface soil
and sediment samples.

Surface Water:

The stagnant pond waters (n = 20) and mobile river waters( n = 3 were collected in Jan.2000
in Teflon bottles 250 ml). The waters were treated with few drops of ultra pure nitric acid.
The mean, median value and range of the total Hg in the stagnant pond waters were found to
be 356.4, 395.2 and 45.8 - 779 �tg/L with std. dev. of 212.5, Table-1. The highest
concentration level of the total Hg was recorded in the winter season whereas the lowest
concentration in the summer (in month of May, temperature 470C) due to evaporation.
Similarly, concentration of the total Hg in river water was ranged 19.0 - 163.0 tg/L in the
winter, Table-2. The concentration of total Hg was several folds lower in the river water and
found to be the highest in the water of iron belt area, Table-3. Mercury in the ground water
was also detected in the shallow aquifers, lie near the surface water reservoirs and found to be
in the lower micro-gram levels due to diffusion.

TABLE 1: CONCENTRATION LEVEL OF TOTAL MERCURY (MG/L) IN STAGNANT
SURFACE WATER (TANK/ LAKE) IN WINTER, JAN. 2000

No. Site Hg(T) pH No. Site Hg(T) pH

I Kota 457.6 5.6 1 1 Kharagarh 55.8 7.3
2 Jagadlpur 385.0 5.1 1 2 Raipur 578 7.2
3 Bhopalpatnam 591.0 6.0 1 3 Bilaspur 233.0 7.4
4 Manpur 405.4 5.1 14 Korba 779.0 5.7
5 Narainpur 466.0 5.5 1 5 Raigarh 174.6 6.8
6 Devbhog 347.0 6.0 16 Jaspumagar 57.2 7.0
7 Nawagarh 222.0 6.5 17 Chirmiri 483.5 5.5
8 Gariyaband 545.0 6.1 18 Ambikapur 187.7 6.5
9 Rajnandgaon 99.6 7.2 19 Dantewara 594.0 6.3
10 Chowki 45.8 7.0 20 Kanker 421.0 6.6

TABLE II: SEASONAL SPATIAL VARIATIONS IN CONCENTRATION LEVELS OF TOTAL
MERCURY (MG/L) IN STAGNANT SURFACE WATER (TANK/LAKE) N YEAR, JAN. 2000

Site Winter Summer Rainy

Raipur 578 20.6 36.5
Korba 779 22.9 51.4
Bilaspur 233 15.4 25.6
Kanker 654 31.5 63.2
Jaspurnagar 57.2 24.5 24.0
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TABLE III: CONCENTRATION LEVELS OF TOTAL MERCURY (MG/L) IN RIVER WATERS
IN WINTER, JAN. 2000

River Winter Summer Rainy
Hasdev 38.0 10.6 14.0
Mahanadi 19.0 10.9 12.4
Indravati 163.0 25.4 45.6

Soils and Sediments:

The surface (0-10 cm) soils (n = 20) and sediments from ponds (n =19) and rivers (n =10)
were collected. The concentration of the total Hg in soil samples was ranged from
1. - 22.5 mg/kg. In the sediment samples, the concentration of total Hg was found to be in
the range of 27 16.7 mg/kg.

TABLE IV: TOTAL HG CONCENTRATION (MG/KG) IN SEDIMENTS, PARTICLE
SIZE <0.05 NM

Area Type n Mean Range

Iron belt Pond 05 13.4 11.0 16.7
River 05 10.0 8.3 - 11.6

Industrial belt Pond 10 9.2 4.9 - 11.6
River 04 4.3 2.7 - 5.5

Coal belt Pond 04 7.5 6.2 - 86
River 01 3.8 3.8

Rain and Fow.

The rain (n = 0) and fog (n = 10) samples were collected using the established procedures.
The samples were acidified with few drops of concentrated ultra pure nitric acid. The total
concentration levels of Hg was monitored and the volume weighted mean concentration of the
total Hg in rain and fog waters was found to be 62 and 47 mg/L, respectively.

3. EXPECTED SOURCES

• Smelting of pyrite minerals
• Coal burning
• Leaching from pyrite minerals
• Industrial wastes
• Coming of distant pollutants
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4. FUTURE WORK 2002-3)

Monitoring of Hg in human samples i.e. hair, urine, blood.

5. ADDITIONAL SUPPORT

0 Alexander von Humboldt Foundation, Bonn, Germany
0 Indo-French Center for Promotion of Advanced Research, New Delhi
0 Commonwealth Science Council, London, UK
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Abstract

Highly sensitive and systematic methods for determining total mercury and methy7mercury in various
biological and environmental materials have been established to study and evaluate the environmental
factors influencing the dynamics of mercury in aquatic system. For the analysis of total mercury, a
biological o sediment sample is digested in a Om7 thick walled digestion flask using H7V03-HC70.r--
11�,S04 (1:1:5) mixture by heating at 200±5C on a otp7atefor 30 minutes. In the analysis of water, the
sample is treatedfirst with KAlnO4and 11SO4and then extracted with dithizone in toluene. he extract is
evaporated to dryness and digested in the same manner as described above. After cooling, the digested
sample is filled up to the 50 ml mark with mercury-ftee water The analysis of merculy in the sample
solution is done by cold-vapor atomic absorption spectrometry using a semi-automated system recently
developed in our laboratory. With this system, sensitivity and accuracy are substantially improved and the
determination of the sample is completed within one minute. The detection limitfor this method is 05 ng
Hg in the sample solution.

Analytical procedurefor methy1mercury in biological samples consists of () alkaline digestion with IN
KOH in ethanol 2 washing out fatly materials with hexane afler slightly acidified with IN HO 3)
extraction with dithizone in toluene 4) clean-up with Nas; (5) re-extraction with dithizone in toluene;
and 6) measurement methylinercury by ECD-gas chromatography. For methylmercury in sediment or
water samples, the sediment is treated with IN KOH in ethanol, whereas the water sample is treated with
KMnO4 and HS04. After these pretreatments, methy/merewy is extracted with dithizone in toluene and
then followed by clean-up with NqS, re-extraction with dithizone in toluene and measurement of
methylmercury in the same way as described above. Yhe detection limit of these procedures is around 
nglg in a .5 g sample on a wet weight basis.

1. INTRODUCTION

Our knowledge of mercury cycling in the aquatic systems which involve transformation,
distribution, and accumulation has improved significantly in recent years because of the
development of highly sensitive and systematic analytical techniques. The improvement of
analytical methods and renewed interest in environmental mercury research triggered by the
discovery of high mercury levels in fish ftom pristine remote lakes in US, Canada and
Scandinavia (Stephens, 1995; Andersson, et al, 1995) and the increase of mercury pollution
from gold mining activities in developing countries, has made it necessary to re-evaluate the
existing data on the biogeochemistry of mercury. The past and present health and
environmental impacts of mercury of natural and anthropogenic origin in different countries
continue to motivate studies on the environmental cycle of mercury.

A better understanding of mercury distribution in aquatic systems not only requires
knowledge of total mercury, but also the amount of mercury that will eventually be produced
in methylated form which is much more available for bioaccumulation. The conversion of
inorganic mercury into methylmercury has long been recognized as a critical step in the
environmental behavior of this metal, however, the mechanism of the synthesis of
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methylmercury is not very well understood. Moreover, it is important to know the chemical
forms of mercury in the sediment, since organic mercury is water-soluble and easily taken up
by aquatic organisms to be biomagnified up through the aquatic food chain. The current
understanding of the accumulation of methylmercury in the marine food chain is limited. The
determination of the methylation sites and processes and of methylmercury pathways and
fluxes in the environment are therefore essential in the understanding and prediction of
mercury migration into the environment since a major source of human exposure to
methylmercury is through the consumption of fish and fish products.

Previous studies have used radiochemical methods to investigate the speciation and
distribution of mercury in aquatic systems (Akagi, et.al, 1979). Inorganic mercury and methyl
mercury in sediment and water were extracted in dithizone-benzene and measured after
separation by thin layer chromatography (Guimaraes et al., 2000). Other researchers have
used analytical methods based on the West66 1968) procedure to extract mercury from
environmental samples followed by the analysis of methylmercury by gas chromatography
with electron capture detection (GC-ECD). In most of these and earlier studies,
methylmercury extraction efficiency and the results of the certified reference materials were
not reported. Also the presence of interfering organic compounds reduced the accuracy of the
methylmercury analyses. This limited the reliability of methylmercury data for evaluation of
methylmercury production and partitioning in various compartments of aquatic systems. In
the present study, highly precise and accurate analyses for T-Hg and Me-Hg have been used to
constrain levels of MeHg production in laboratory experiments involving sediment-water
systems with or without fish.

2. MATERIALS AND METHODS

Total mercury (T-Hg) and methylmercury (MeHg) in fish, sediment and water samples is
extracted and analyzed using reliable, highly sensitive and accurate techniques developed at
the National Institute for Minarnata Disease (NIMD, Japan) by Akagi and Nishimura 1991)
and later modified by Akagi (I 997) and Ikingura and Akagi(I 999).

2.1. Analytical Procedure for Total Mercury

The measurement of T-Hg is based on cold vapor absorption spectrometry. The principle of
this method involves reducing ionic Hg 2+ in sample solutions using tin (11) chloride to
generate metallic Hg. The sample is then aerated and the Hg vapor generated is introduced
into an absorption cell and the absorption measured at 253.7nm A semi-automated mercury
analyzer (Hg-5000, Sanso Seisakusho Co. Ltd, Japan) is used for mercury detection and
measurement.

2. 1. 1. Sample Preparation and Treatment

All glassware should be cleaned with acidic KMnO4 solution (0.5% KMnO4 in I N H2SO4)

and Hg-free water prior to sample preparation.

(i) Hg standard solution
Dissolve 12.5mg of CH3HgC1 in toluene to make a final volume of I 00ml. Dilute this solution
100 times using toluene to prepare a concentration of I ppm methylmercury chloride in
toluene. Iml of this solution contains I.Ogg of Hg (10OOng Hg).
Methylmercury-cysteine solution: Mix 0.5ml of Ippm methylmercury standard solution in
toluene and 5ml of 0.1% L-cysteine in .1N NaOH solution into a 10ml pyrex glass test tube.
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Shake for 3 minutes and the centrifuge at 10OOrpm for 3 minutes. Discard the organic phase
(top layer). Seal the tube and store the Hg standard solution in a cool, dark place. I ml of this
solution contains 0. 1 [ig (1 OOng) of Hg. Prepare a fresh solution every month.

(ii) Sediment and Fish Samples
Accurately weigh out the sample (0.5g or less wet weight) into a digestion flask. Add lml of
distilled H20, 2ml of HN03 - HC104 1:1) and 5ml of H2SO4. Then add glassfibre chips to
prevent violent boiling on heating. Wipe the flask to ensure that chemicals were not spilled
onto the surface. Heat the flask on a hot plate at 200 ±5'C for 30 minutes to digest the sample.
Allow the flask to cool and then add H20 to obtain a fixed volume, usually 50 ml. Use the
resulting solution for Hg analysis. Prepare a standard solution by measuring lml
(corresponding to 0.10�tg of Hg) of Me-Hg-cysteine solution (O.IORg Hg/ml). Add the
reagents to the standard and follow the same digestion procedure as described above for the
preparation of the sample solution. For the blank, add the reagents to an empty flask and
follow the digestion procedure.

(iii) Water samples
Transfer 1L of water sample into a separatory funnel. Add 5ml of N H2SO4 and 2m of
0. 5% KMnO4 solution. Mix and let stand for minutes. Neutralize using I Oml of ION NaOH
and mix with 2ml of 10% hydroxylamine-HCI solution. Stand for 20 minutes. Neutralize with
2ml of 10% EDTA and then add 5ml of 0.01% dithizone solution. Mix and stand to allow
complete separation. Discard the aqueous layer (lower phase). Transfer 3ml of the organic
layer to a sample digestion flask. Using a rotary evaporator, immerse the flask in water bath at
600C and evaporate to dryness. Digest the residue by following the procedure indicated above
for fish/sediment samples. Prepare a separate 11, Hg free water as the blank sample and
another 1L Hg-free water spiked with OgI (corresponding to 20ng as Hg) of Me-Hg
cysteine solution (0.10�LgHg/rnl) as the standard. Follow the extraction and digestion
procedures described above and use the resulting solution for T-Hg analysis.

2.1.2. Determination of Mercury Concentration

The total volume of the solution needed for T-Hg analysis is 10 ml. Before analyzing Xn- of
blank sample, standard sample or the actual sample solution for T-Hg, attach a calibrated
dispenser to the Hg-5000 semiautomatic analyzer (Sanso Seisakusho Co. Ltd, Japan) ready to
dispense a known volume of distilled water. Gently add XmI (solution water, maximum of
10ml) of the sample solution to a reaction vessel, insert a stopper to close the vessel and then
inject I ml of tin (II) chloride solution from the accessory syringe. Press the start button of the
analyzer. The diaphragm pump will operate and the generated Hg vapor will be circulated
through the four-way cock between reaction vessel and acidic gas collection bottle. During
this circulation, acidic gases leaving the sample solution are removed by an acidic gas trap
containing N NaOH. After 30 seconds, when the concentration of Hg vapor has reached
equilibrium, the vapor is introduced into the absorption cell automatically by tuming the 4-
way stop cock by 90'. When the maximum peak height has been recorded, the sample is
discarded from the reaction vessel and purged with air to remove the residual Hg vapor. After
purging, the valve controller is reset, by pressing the reset button, to start the next
measurement.

After analysis, mercury concentration in the samples is calculated from mercury absorbance
peak heights recorded on the chart by the plotter. The peaks heights (mm) for the blank
solution (Pbl), mercury standard (Pstd), and actual sample (Psp) are used to calculate mercury
concentrations using the following formulae.
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a) Fish and sediment
T-Hg concentration in the sample (mg/g):
= I mg x (PP Pbl)/(P.,td - Pbl) x dilution factor x I /sample weight (g)

b) Water samples
T-Hg concentration in the sample (ngAL):
= 20ng X (Pp - Pbl)/(Ptd - Pbl) x dilution factor x /sample volume (L)

2.2. Analytical Procedure for Methyl Mercury

For Me-Hg and other compounds, Gas Chromatograph with electron capture detector (GC-
ECD) is often used for determination and measurement. This method provides good
separation and superior sensitivity for the determination of halogenated methylmercury
compounds. Conventionally, it has been widely used for the quantification of MeHg in
various types of biological and environmental samples.

2.2. 1. Methylmercury Extraction

All glassware for processing the samples should be washed with toluene just before use in
order to remove any organic contaminants.

(i) Fish
Weigh Xg of homogenized sample (0.5g or less as wet weight, approximately .1g for dry
samples) in a 0ml screw-capped conical centrifuge tube. Add 10ml of IN KOH - C2H50H
(1:1) solution. Seal tightly and heat in a 100'C isothermal bath for I hour with occasional
mixing. Allow to cool. Add 10ml of IN HCI and 5ml of hexane and shake for 3 minutes (to
remove fats) using a reciproshaker. Centrifuge at 20OOrpm for 3 minutes then suck off and
discard the hexane (upper layer). Add 2ml of 20% EDTA and 10ml of purified 0.01%
dithizone solution. Shake to extract the inethy1mercury as dithizonate (complex) in the toluene
layer (upper layer). Centrifuge at 20OOrpm for 3 minutes then suck off and discard the lower
layer (aqueous layer).

Add 5ml of IN NaOH to the toluene layer, shake (to remove excess dithizone) and centrifuge
at 20OOrpm for 3 minutes. Suck off and discard the lower layer (aqueous layer). Repeat the
above clean-up procedure. Let the solution settle for a while, remove the lower layer, and
centrifuge again at 20OOrpm for 3 minutes to obtain a clear toluene layer. Transfer a fixed
volume of the toluene layer (normally 4ml) to a 0ml glass-stoppered conical centrifuge tube.
Add 2ml of alkaline Na2S solution, and shake to back-extract the MeHg into the aqueous
layer. Centrifuge at 10OOrpm for 3 minutes then suck off and discard the upper toluene layer.
Wash the aqueous layer with 2ml of toluene, shake for 23 minutes and centrifuge at I OOrpm
for 3 minutes. Suck off and discard the toluene layer (upper layer). Acidify with IN HCI 3-4
drops,). Bubble the solution with N2 gas gently at a flow rate of 50ml/min for 3 minutes. Re-
extract the MeHg with 2 ml of Walpole's buffer solution and purified 0.01% dithizone
solution 0.2 - I.Oml, normally 0.5ml). Shake for 23 minutes and centrifuge at 10OOrpm for 3
minutes, suck off and discard the lower aqueous layer. Add 3ml of IN NaOH to the toluene
layer and shake to remove excess dithizone. Let the solution settle, then suck off and remove
the aqueous layer (lower layer). Centrifuge at 10OOrpm for 3 minutes. Suck off and discard
the lower layer as much as possible. Acidify with 2 drops of N HCl. Vortex mix and use the
resulting solution as the sample for GC-ECD methylmercury analysis. Perform the sample
solution preparation protocol for the standard using 0gl (corresponding to 0.020gg of Hg)
of MeHg -cysteine. Use the resulting extract as the MeHg standard.
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(ii) Sediment
The procedure for MeHg analysis in sediment involves digesting the sample with IN KOH
solution in ethanol (IN KOH-EtOH). Slight acidification with I N HCI, and extraction of
MeHg by 10 ml of purified 0.01% dithizone-toluene solution. This is followed by the clean-
up of the Dz-Tol extract and the analysis of MeHg by GC-ECD. In the clean-up of the Dz-Tol
extract of a sediment sample, the extract is passed through a florisil column (0.5g florisil,
topped with 0.5g Na2SO4) and washed twice with I N NaOH before the extract is subjected to
back extraction with Na2S following the procedure outlined above for fish samples. The
clean-up procedure removes the organic materials in the sample that may interfere with MeHg
analysis by GC-ECD.

(iii) Water
The extraction procedure for MeHg in water is the same as that for T-Hg extraction described
in part 2 1.1 (iii). After extraction, the dithizone-toulene extract of the water sample is arried
through the same clean-up procedure as describe for the fish samples, followed by MeHg
analysis by GC-ECD. Perform the sample solution preparation protocol for the water MeHg
standard using 10[d (corresponding to Ing of Hg) of MeHg-cysteine. Use the resulting extract
as the MeHg standard.

2.2.2. Methylmercury Detection and Measurement

Gas Chromatograph
A gas chrornatograph with an electron capture detector (GC-ECD) is used for methylmercury
determination and measurement. The gas chromatography conditions are set as follows:
Column: Use a glass column (3mm x 0.75-1.0m) packed with Hg-20A-Uniport BP (GL
Science, 60 - 80 mesh) or 10% KOCL-Hg-ChromosorbW (AW/DMCS, Yanaco, 60 - 0
mesh). At the injection port, pack 2 - 3 centimeter of NaCl previously heated at 500'C for 2 -
3 hours
Temperature: Column oven: 140 - 160'C, injection port: 180'C, Detector oven: 200'C
Carrier gas: N2, 30 - 40ml/min

Pre-Analytical Run
Before analzing the samples, perform a trial run on toluene by gas chromatography to ensure
that no other peak eo-elutes with the expected retention time for MeHg. Then inject separately
a fixed volume normally 5gl) of the blank, standard sample, and actual sample into the gas
chromatograph. Label the peak heights thus obtained as PM Pd, and Pp, respectively. The
concentration of methylmercury is calculated from the peak heights using the following
formulae.

Sediment
MeHg concentration in sample (gg/g = 0.020(�tg) X (Pp-Pb1)/(Ptd-Pb1) x dilution factor x
I /sample weight (X g, dry wt)

Fish
MeHg concentration in fish sample (ng Hg/g = 100(ng) x. (Psp-Pb1)/(Pstd-Pb1) x dilution factor
x I /sample weight (X g, wet wt)

Water
MeHg concentration in water samples (ng/L = I ng) x (Pp-Pb1XPstd-Pb0 x dilution factor x I/
sample volume (L)
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3. DISCUSSION

In order to correctly elucidate and evaluate the degree of Hg contamination, reliable analysis
of data based on proper monitoring methods is required as follows: (1) proper choice of
sample; 2 appropriate sample collection, storage, and transport; 3 sample preparation
techniques; 4) analytical methods/procedures (5) experienced/trained staff. In addition, when
conducting analyses, regular housekeeping must be maintained in order to keep the laboratory
clean and glasswares, tools and containers free from contamination. Aside from this,
adequate ventilation and personal protective equipment should be provided including facilities
to handle such chemicals.

Methods for T-Hg measurement include absorption spectrophotometry (dithizone
colorimetry), cold vapor atomic absorption spectrometry (CVAAS), fluorescence
spectrometry; and neutron activation analysis.

In absorption spectrophotometry, dithizone forms a chelate with the metal ions and produces a
colored organic solution. The intensity of the color depends upon the Hg concentration.
Although the method has been used historically due to the simplicity of the procedures, its use
has declined greatly with the introduction of the highly sensitive atomic absorption
spectrometry in the 1960s. Atomic absorption spectrometry uses the property of metallic Hg
to volatilize into its atomic form. The Hg vapor is introduced into an absorption cell and the
absorption measured at 253.7mn.

In neutron activation analysis (NAA), the sample is irradiated with neutrons and the gamma
radiation emitted by 197 Hg formed, is then measured by spectrometry. Although NAA is
highly sensitive and requires minimal sample preparation, it is not frequently used due to its
high cost, the need for a nuclear reactor and an expensive counting apparatus including the
safety requirements for handling radioactive material.

The cold vapor atomic absorption spectrometry (CVAAS) is a much more sensitive method as
compared with the conventional flame atomic absorption spectrometry. Aside from this, other
advantage includes its ability to measure samples using a UV spectrophotometer with a
simple Hg lamp. The first method which is currently the most commonly used, involves
sample digestion with strong acids followed by reduction and vaporization of Hg while the
other method involves heating and vaporization through direct combustion of the sample to
obtain metallic Hg. For accurate analysis of T-Hg, complete digestion of organic materials in
the samples is essential. A number of wet digestion procedures have been proposed and used
but most of them involve time consuming operations and require considerable number of
reagents and careful handling during digestion. Various combinations of acids and oxidizing
agents have been used since a major problem in the sample preparation procedure is mercury
loss during the digestion process. Based on studies conducted, the presence of oxidizing
agents (HC104 or % KMnO4) prevents the loss of Hg completely even under extreme heating
conditions. Of these two oxidizing agents, HC104 was selected because the use of KMnO4
will require another reagent. In normal H2SO4 - HN03 digestion, mercury may vaporize
during the reaction process. However, in the presence of an oxidizing agent which is
incorporated beforehand, Hg vaporization under severe heating conditions can be completely
prevented. The use of a long neck (10cm or more) thick walled flask as the digestion
container will prevent Hg loss even with heating at 200 - 250'C.

In water samples the concentration of Hg is extremely low and its measurement requires some
preconcentration. Of the methods reported, the dithizone extraction technique described by
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Chau and Saitoh 1970) was reported to be applicable for this purpose. As a result,
pretreatment with H2SO4 and KMnO4 was found to be essential to obtain satisfactory
recoveries. The reason for this is presumably due to the release of ionized Hg compounds
from binding sites on organic material and particulate matter in water samples by oxidation.
When preparing water samples for analysis, the addition of hydroxylamine-HCI neutralizes
the strong oxidizing property of KMnO4 and the addition of EDTA prevents the interference
caused by other metals in the sample. Both are therefore added to protect dithizone from
oxidation and unnecessary cross reactions with other metal ions. In a fish sample test, T-Hg
detected remained constant during a 10-60 minute heating time indicating that digestion was
complete within IO minutes.
The widely used benzene extraction developed by Westoo 1966) for MeHg analysis of
environmental samples such as fish and sediment resulted in poor extraction efficiency and
requires a longer time for extraction. Previously, a highly sensitive radiochemical technique
was developed involving extraction of Hg with dithizone in benzene (Dz-Bz) and separation
by thin layer chromatography followed by gamma counting of each fraction for 203 Hg.

In addition, a highly precise and systematic analytical method has been developed for
methylinercury determination which is capable of analyzing various samples. Pretreatment of
biological samples by KOH solution in C21150H has been found to be very effective in
extracting Hg with dithizone-benzene after acidification. Meantime, alkaline digestion is
advantageous for analysis of MeHg particularly in biological samples since the digests are
clear and do not form any emulsion on initial solvent extraction. This can be attributed to the
fact that proteinaceous materials are broken down in the sample matrices during digestion.
This alkaline treatment can also be applicable to the pretreatment of sediment samples since it
often contains humic substances and sulfide ions having a great affinity for Hg compounds.
The humic substances are soluble in alkaline solution and thus MeHg is released and sulfide
ions can be removed by N2 bubbling. Westoo 1966) has reported gas chromatographic
methods for estimating Me-Hg in fish and showed that MeHg dithizonate has the same
retention time for chloride or bromide homologues. This fding strongly suggests that the
determination of MeHg in various samples by the combination of dithizone extraction and gas
chromatographic separation is possible. This was validated by gas chromatography-mass
spectrometry method indicating the immediate conversion of methy1mercuric dithizonate into
its chloride form. Freshly prepared and purified dithizone solution should be used for the
extraction since diphenylthiocarbadiazone, the oxidized form of dithizone, may interfere with
the determination of MeHg in the GC analysis. Furthermore, toluene is preferred over
benzene, for health and safety reasons.

The methods described in sections 21 and 22 in this paper have been repeatedly verified as
to their accuracy and precision through inter-laboratory comparison (Matsuo et al., 1989,
Kehrig et al., 1998) and the analysis of certified reference materials (e.g TORT) for T-Hg and
MeHg. Also these methods have been used in the certification of the reference materials from
the International Atomic Energy Agency (IAEA Horvat et.al., 1997). The detection limits are
5 ng/g for T-Hg and ng/g for Me-Hg in biological and sediment samples and 0.5 ng/L for T-
Hg and 0 I ng/L for Me-Hg in water samples.
Whatever methods are used, the implementation of quality assurance and quality control
procedures should be undertaken to check analytical measurements regularly. One good
practice is the regular use of the appropriate reference materials such as the use of IAEA-085,
IAEA-086, and IAEA-142 as standard materials. Currently, a number of standard reference
materials are commercially available through the National Institute of Standards and
Technology (NIST), the International Atomic Energy Agency (LAEA), and the National
Research Council of Canada (NRCC).
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Abstract

Mercury pollution in most parts of the regions in the world are caused by release into the environment of
metallic mercury used in the recovery of gold by an amalgamation technique ith subsequent mercury
emission into the atmosphere by blowtorching operations. Significant small-scale gold mining operations
in other countries such as Tanzania, Philippines, Indonesia, China and Vietnam have been reported with
roughly 1 0 million people estimated to be involved in these activities
Artisanal gold mining activities using mercury has proliferated in various parts of the country since the
early 1980's. In Southern Philippines, it is estimated that a small-scale gold processor utilizes one
kilogram of mercury every week or an average of fifty-two kgs.1yr. Production is estimated at 30
kilogramsofgoldperday. Ithasbeenestimatedthat]40tonsofmercui3,fluxhasbeendumpeddirectly
into the river systems from small-scale gold mining operations in one of the gold rush areas in the
country In the 1980's, gold rush activities intensified in Northeastern Mindanao providing livelihood
opportunities to about 80,000-120, 000 people at the height of mining activities in the area ].

In gold mining areas it should be noted that transformation in the natural environment of inorganic
mercury to methy1mercury ocurs which can easily bioaccumulate in fish and other organisms through
the aquaticfood chains. Therefore, there are two main exposure pathways ofinercuty contamination that
can affect the human population in gold mining areas. First, gold miners and workers are exposed to
inorganic mercury due to direct inhalation of mercury during gold recovery processes and second,
people living along the river systems and depending on riverine products for food sources can be
exposed to methylmercury mainly thrufish consumption.
Presently, environmental and health monitolng conducted by several government agencies in the recent
past were limited to the determination of total mercury only. Previous studies undertaken focused mainly
on the exposure ofadults and workers to mercury during mining1processing operations.

Fifty-three 53) research subjects were selected by stratified random sampling in a mining community in
Sibutad, Zamboanga del Norte, Philippines. There were 40 (75.4791o) adults agedfrom 26 to 50 years
and 13 children aged 6 months to II years.
Environmental monitoring results showed that ambient air monitoring of three sampling station exceeded
the standards for mercury in ambient air. Water quality monitoring of a drinking water source showed a
slightly higher level than that obtainedftom a nearby river. Mercury levels in marinelaquatic samples
rangedftom 403-62.97 nglgfor total mercury and 375-35.98 ng1g in 9 species. These levels were below
the recommended USFDA standard of 500 ng1g. The proportion of methyl mercury rangedfrom 22.98?lo-
89.78Yo.

Hair samples in 51 respondents showed total mercury and methy1mercury levels which ranged from
0. 95-68.68 ng/g and 0. 73-5.81 ng1g. The proportion of methyl mercury in hair rangedftom 2.66-99.9891o.
IO had elevated total mercury levels and 23 with elevated methylmerctay levels.

Blood samples ftom 50 respondents showed total mercury and methylmercury levels rangedftom 2.74-
29.47 uglL and 1. 63-23. 11 uglL A total of 23 blood samples ftom the 50 tested showed total mercury
values will befollowed upfor possible detoxification while IO had elevated methylmercury levels.
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1. INTRODUCTION

Crude methods employed also contributed to the landslides and accidents causing deaths and
injuries to workers and the community alike. Forest trees were also cut-down and used in
mining operations, thus contributing to the loss of the topsoil and decrease in agricultural
productivity. Accordingly, mine waste tailings are dumped into small water tributaries in the
area. These resulted in the heavy siltation of water systems affecting iigation to the
farmlands as well as fishing activities in these areas. Water systems and tributaries eventually
drain into larger water bodies thereby posing health and environmental risk to a greater
number of people.

Based on present studies on the biotransformation of mercury in the envirom-nent, methylation
of inorganic mercury to produce methyl mercury is due to the action of microorganisms that
ultimately bioconcentrate in significant levels in the food chain particularly in marine and
aquatic products. Small-scale mining operations have affected tributaries and water systems in
the country that also relies heavily on fishing as a source of livelihood as well as the daily
food fare among the low income sectors in the area. Aside from this, cattle, livestock and
agricultural production have also been affected by these mining activities because of
contamination of irrigation and water systems. Farmers in the area reported a significant
decrease in palay production in the area as well as deaths in farm animals attributed to the
pollution. Fish kills were also reported in these areas.

At present, small-scale gold mining activities utilizing mercury is being actively undertaken in
at least ten provinces namely: Benguet, Camarines Norte, Negros Occidental, Zamboanga del
Norte, Zamboanga del Sur, Bukidnon, Agusan del Norte, Agusan del Sur, Surigao del Norte
and Davao del Norte 2). Mercury was also mined and produced in the country in the early
50's specifically in Palawan where quality assurance and environment control technology had
neither been implemented nor required. Aside from the occupational exposure to inorganic
mercury, another area of concern is the direct discharge of mercury into the environment. It is
estimated that an average of 20 tons of mercury had been released annually into the river
bodies of Mindanao Island alone 2).

Worldwide, reported cases of mercury poisoning have been attributed to occupational
exposures commonly associated with mercury vapor. Illicit gold extraction using mercury had
also resulted in mercury poisoning not only in adults but also in children. Toxicity and deaths
have likewise occurred from the medicinal use of inorganic mercury compounds. Scientific
reviews and literature on dental amalgams and vaccinal Hg etiology (thimerosal) its
subsequent risk to human health have also been reported

Mercury and its compounds are highly toxic. Acute health effects reported include kidney
failure following exposure to high concentrations of inorganic mercury. Allergic skin
reactions were also reported following contact with mercury. Mercury vapor causes erosive
bronchitis and bronchiolitis with interstitial pneumonitis. These symptoms may be combined
with signs caused by effects on the CNS, such as tremor or increased excitability. Workers
acutely exposed to mercury exhibited chest pain, dyspnea, cough, haernoptysis and evidence
of interstitial pneumonitis.

Clinical manifestations of methyl mercury intoxication differ from inorganic mercury. Methyl
mercury has been noted to be one of the most potent neurotoxic compounds known to man
and known to cross blood-brain barriers in pregnant women, which result in conditions
similar to those associated with infantile cerebral palsy. Cases of fetal type Minamata Disease
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which were caused when the mothers had been exposed to methy1mercury during pregnancy,
were also reported. Minarnata disease was also fatal in some cases. Clinically, diverse
symptoms are manifested which include sensory disorders in the distal portion of the
extremities, cerebellar ataxia, concentric constriction of the visual field, central disorder of
ocular movement, central hearing impairments and central disequilibrium 5,14).

With chronic exposure to inorganic mercury, one of the critical organ will be the kidneys. The
central nervous system is also affected characterized by weakness, fatigue, forgetfulness,
anorexia, loss of weight and disturbance of the gastrointestinal tract function. At higher
exposure levels, the characteristic mercurial tremor appears as a fine trembling of the muscles,
interrupted by coarse shaking movements. This begins peripherally in the fingers, eyelids and
lips and has the characteristic of intentional tremor. In progressive cases, it may develop into
generalized tremor involving the entire body, with inten-nittent violent chronic spasms of the
extremities. This is often accompanied by changes in personality and behavior, with loss of
memory, increased excitability, severe depression and even delirium and hallucination.
Another characteristic feature of mercury vapor intoxication is severe salivation and
gingivitis. Instances of proteinuria and even nephrotic syndrome have also been reported.

A number of health studies already undertaken in the past were mainly focused on the
occupational exposure of small-scale gold miners utilizing mercury in the gold
processing/refining process. Environmental and exposure assessment is limited to total
mercury determination. It should be borne in mind though that methylation of mercury can
possibly occur and ultimately bioaccumulate to a significant level in the aquatic flora and
fauna. Thus, most of the communities in the mining areas and possibly the general population
would be at risk of exposure to toxic levels of mercury especially those whose diet includes
consumption of marine/aquatic products. Although it is difficult to specifically identify the
risk probability that the population have been exposed to, this study will investigate the extent
of mercury pollution and its impact on the health and the
environment.

In the Philippines, workplace monitoring for ambient air and workplace monitoring showed
levels ranging from 0168-0.388 and 3535-6.458 mg Hg/m 3 respectively in gold processing
areas which exceeded the recommended permissible levels for mercury concentration (DENR,
1987). Fish and shellfish monitoring results also showed levels above the recommended level
of 0.5 ppm (Range 0679-1.071 ppm). Mercury levels from tailing ponds, canals and river
systems were found to be 450 ppb, 120 ppb and 002 ppb respectively. Coastal waters
likewise contain mercury from 036 ppb to 0.55 ppb. The allowable levels are set at 2 ppb.

In 1988 a study entitled an Integrated Surveillance of the Health and Environmental Impacts
of Mercury Exposure in Gold Processing was undertaken in Davao del Norte (Maramba, N.,
Torres, E., et.al) to determine the extent of health impairment from mercury exposure. Results
of the study revealed that 60% 139/230) of the ineworkers resided within 500 m from their
workplace. Most of the subjects were either smokers 63%) or drink alcoholic beverages
(73%). 26% 60/230) of the workers used some form of protective devices such as facial
cover or masks, boots and gloves, alone or in combination. Pertinent findings on physical
examination showed gray or focal deposits in the gingiva among 106 47%) of the workers.
Thyroid enlargement was seen in 24 (I I%) while decreased breath sounds were noted in 3 6
(I 6%) of those examined. The study also showed statistically significant association of blood
mercury levels with the duration of work, eosinophil count and serum glutarnic amino
transferase 9).
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In a similar study undertaken in Bicol (Maramba N., Robles, E., de Vera, G. et.al) 7 out of 99
miners were found to have elevated mercury blood levels with 4 miners undergoing
detoxification management.

Recently, the Department in collaboration with the UP-National Poisons Control and
Information Service conducted a study was undertaken on the Health Assessment for Mercury
Exposure Among Schoolchildren in Apokon, Tagurn, Davao del Norte showed that
environmental quality monitoring for total mercury sediment levels ranged from 0.55 ug/g dry
weight while water samples from river systems exhibited mercury levels from 00728-0.0784
ppb. Fish samples collected showed levels ranging from 107-438.8 ppb for total mercury and
0.71-377.18 ppb for methyl mercury. Methyl mercury content in fish ranged from 56-99%
(I 0).

Laboratory results showed that total mercury hair samples in schoolchildren ranged from
0.278 20.393 ppm while methyl mercury levels were from 0191-18.469 ppm. Methyl
mercury represented 45.96%-99.81% of the total mercury levels in hair. Total blood mercury
levels ranged from 0757-56.88 ppb while methyl mercury blood levels ranged from 1.36-
46.73 ppb. Summary of physical examination results showed that predominant findings
include underheight, gingival discoloration, adenopathy, underweight and dermatologic
abnormalities among children. Significant neurological findings include 17.07% with cranial
nerve abnormalities characterized with 23 6.9%) had deficits in the VIII, 10 3%) II and
8(2.4%) 1. 17 (5%) of the schoolchildren had sensory deficits while the same percentage
showed reflex abnormalities. 13 39%) had cerebellar deficits while 5 (1.5%) had motor
nerve abrionnalities.

To properly understand the actual extent of mercury contamination affecting human
populations and the ecosystems, it is imperative to evaluate not only total mercury levels in
human hair and other samples, but also the levels of methylmercury in the samples. In
practice, it is often difficult to analyze minute quantities of methylmercury contained in the
samples. Therefore, highly sensitive and precise analytical techniques are much desired for
total mercury as well as methy1mercury the detection capability of which surpasses
conventional standards (8).

New sensitive and reliable methods for the determinations of both total and methylinercury
content in environmental and biological samples have been developed by the National
Institute for Minamata Disease-Japan (Akagi and Nishimura, 1991). The precision and
accuracy of these methods have been repeatedly verified by inter-laboratory calibration
exercises including the analysis of standard reference materials such as IAEA 085, 086 and
142 (Horvat, et. al, 1997).

Radiotracer techniques are potentially powerful for investigating the transformation and
pathways of chemical pollutants in the aquatic environments, however, only few studies have
used such techniques to survey the environmental behavior of mercury. Early studies include
that of Beckert, et al 1974) who utilized 203 Hg tracer to study the fori-nation of
organomercury compounds in soils contaminated with inorganic mercury 11,12). In this
study, laboratory analysis will include conventional (i.e. atomic absorption
spectrophotometer) and application of nuclear techniques. A comprehensive and scientific
assessment of the health and environmental impact of mercury will be undertaken to
determine the health and environmental impact of mercury within the small-scale gold mining
community. Results of the study will ensure that vital, scientific and evidence-based inputs
will be provided to the government's policy direction and standard setting.

78



1.1. Detailed Research Objectives

General Objective:

0 To determine the health and environmental impact of mercury compounds

Specific Objectives:

• To determine the health and environmental profile/status of the mining community.
• To describe the socio-dernographic characteristics of the groups included in the study
• To determine the presence and severity of adverse health effects of exposure to

mercury compounds
• To determine possible risk factors associated with adverse health effects.
• To determine the levels/speciate mercury concentration in biological and

environmental samples to be collected from members of the study population and
compare results of various analytical methods

• To establish inter-laboratory comparative techniques in collaboration with
international institutes

• To determine possible correlation between environment and health status.
• To undertake needed medical management of disease conditions including

detoxification, if necessary.

1.2. Methodology

Social preparation of the communities have been undertaken in coordination with the local
govermnent units. Arrangements were made through trained personnel from the Centers for
Health Development. An interview tool was prepared and pre-tested and translated into the
local dialect and re-translated into its original form. Medical history were likewise obtained
through an interview questionnaire. Field interviewers had an orientation seminar to ensure
conformity of data to be generated. Prior informed consent for the medical examination and
blood extraction among children were signed by the subject's parents or guardians.
Randomized selection of subjects were undertaken. Subjects were selected based on a
preliminary survey of the community relative to the Knowledge, Attitudes and Practices study
undertaken in 1999 (Sunio).

A complete physical, mental status and neurobehavioral examination of the subjects were
undertaken. Behavioral evaluation have been evaluated by a group of examiners who were
blinded to the subject's mercury exposure status until all data had been encoded and entered
into a computer database. Blood and urine specimen for each subject for laboratory testing
included the following:

• Mercury: total and methyl compounds
• CBC with platelet and reticulocyte count
• Peripheral blood smear
• FBS BUN, Creatinine and electrolytes
• ALVAST, alkaline phosphatase
• Protime
• Urinalysis
• Fecalysis with occult blood
• CXR for subjects 18 y.o and above, as needed
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• ECG for sub ects 50 y.o. and above, as needed
• EMG-NCV testing for those with blood lead levels above permissible levels and/or

history of seizures, as needed
• Vital signs including Blood Pressure readings
• Pulmonary function tests specifically PEFR

Biological and environmental samples were collected for mercury determination. All samples
were analyzed for total and methylmercury content thru atomic absorption spectrophotometric
(AAS) method at the UP-Manila laboratory using the modified method developed by NIMD-
Japan (Akagi, 1998). As to the application of nuclear techniques, there had been several
delays in the analysis due to the inability of the nuclear institute to analyze the sample. The
research staff will consider other nuclear techniques that might be available in the country.
Routine laboratory tests have been undertaken at a reference laboratory of a government
hospital.

A team from UP-National Poisons Control and Information Service complemented by local
health workers conducted the health examination. The team comprised of specialists in
toxicology, neurology and occupational medicine. The Occupational Health staff in
collaboration with the local health personnel conducted the environmental monitoring.

1.3. Study Design

Cross-sectional study.

1.4. Variables

1. Socio-dernographic data: Age, Sex, Marital status, Occupation
2. Life style (e.g. alcohol consumption, smoking, diet, source of drinking water etc. and

other possible risk factors)
3. Distance of house from mine tailings/Duration of residence
4. Anthropometrics
5. Vital signs (respiratory rate, heart rate, blood pressure readings)
6. Pulmonary fariction (PEFR)
7. Frequency of signs and symptoms
8. Medical/Occupational History
9. Exposure to pesticides, heavy metals, etc.
1 0. Health status in the past year prior to examination
1 1. Current and past medications
12. Developmental/pediatric history
13. Laboratory parameters
14. Neurobehavioral parameters

1.5. Description of research setting and population

1. 5. 1. Study Area

The study site selected was the small-scale gold mining community in Sibutad, which is
located in the northern part of Zamboanga del Norte. Selection of the study site depended on
the accessibility, peace and order condition and cooperation of the stakeholders. Sibutad is
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classified as a 5th class municipality with a land area of 13,372 has and a population of
19,571. Major agricultural products include corn, coconut and rice production. Other sources
of livelihood are marine/aquatic resources and gold extraction.

Gold mines were located in the sitio of Libay, 5.0 km from the poblacion with the mining
sites located very near the Murcielagos Bay where the tailing ponds were directly discharging
into the water bodies. It was estimated that 200-300 people were engaged in gold processing
activities. In a pre-survey of the mining community done in 1999, 51% of population were
females and 49% were males. 42% of the people belong to the 15-44 age group.

Leading causes of morbidity in the community were mainly upper respiratory tract infection,
skin problems, wounds, hyperacidity and nutritional deficiency. Meanwhile leading causes of
mortality include pneumonia, disease of the circulatory system, bleeding peptic ulcer, cancer
and liver diseases.

In 1997, the Department of Agriculture reported mercury contamination of fish and shellfish
in Murcielagos Bay exceeding the permissible limit of 0.5 ppm.

1. 5.2. Study Population

Inclusion criteria

• Household within a mining community (at least 3 members/household)
• Engaged in mining activity for at least years
• Willing to be included in the study
• With informed consent

Exclusion criteria

• Migrated from other mining areas
• Those previously included in preliminary studies
• Those who refuse to be included in the study
• Those who fail to meet the inclusion criteria

Selection was undertaken using a table of random numbers where each household was
assigned a specific number. A map of the households will be prepared in coordination with
the local governinent units. A 10% drop-out rate will be considered and selection of
replacements will also be done at random.

1. 5.3. Sampling selection

0 random selection

1.5.4. Sample Size

Workers directly exposed to mercury (blowtorching/arnalgam squeezing)
No. of years Number
1-4 years 10
5-9 years 10
>IO years 10
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Community members (mother and child)
Number

- Newborn, neonate and infants - 036 mos. 5
- Toddlers - 37 mos. to 83 mos. 5
- Children - 712 years 5
- �60 persons will be included in the health assessment study

1.6. Research Instruments and Tools

Component 1: Health Assessment

• social preparation of the community
• interview questionnaire (socio-demographic profile, lifestyle, diet, medical

history)/face to face interview with respondents
• vital signs
• pulmonary function tests specifically PEFR
• comprehensive medical and neurological examination including a modified mental

status examination
• biological monitoring

Biological samples to be collected:

0 hair *blood *urine

Component 2 Environmental Assessment

• establish sampling stations based on the selection of study site and assess the
following:

• drinking water river quality
• effluent discharge *sediment/soil contamination
• air quality (ambient/personal/workplace) *marine life

Environmental samples to be collected:

• fish/shellfish *water:river quality, drinking water, effluent
• sediment/soil *air

1.7. Ethical considerations

Confidentiality of health inforination has been assured by the study proponents. It was
stipulated in the consent form that respondents are free to withdraw from the study anytime.
In the course of the health examination, those found with health findings were appropriately
provided with medications/treatment or referral, as the case may be.
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2. METHODS

2.1. Environmental Sampling

Field sampling for the Analysis of Metals compiled by Dybem (I 5) and NIOSH Method 6009
for the determination of mercury in air samples were implemented. EPA methods for the
collection of environmental samples were followed. Sampling stations were designated within
the mining community.

2.2. Biological Samples

Samples were collected and transported in accordance with CDC and WHO procedures.

2.3. Analytical Procedures

Laboratory methods developed by the National Institute for Minarnata Disease-Japan were
applied in this research study 3). Sample preparation for total mercury analyses for blood,
urine, hair and fish tissues included pre-treatment and digestion of the samples through the
addition of nitric-perchloric and sulfuric acid solution. The digested sample was then heated
at the prescribed range of 230-250'C for 20 minutes and then cooled before filling up with
water up to the 50 ml for analysis. Detection limit is 0.5 ng of Hg. Sample was then analyzed
by cold vapor atomic absorption spectrophotometry/mercury analyzer and X-ray fluorescence
method. For methylmercury analysis, samples were analyzed using gas-chromatography-
electron capture detector. Combined techniques of dithizone extraction, back extraction into
alkaline Na2S, re-extraction with dithizone have been applied. Detection limit is ng of Me
Hg/g. For the analysis of methylmercury in hair, an acid leaching process has been used
utilizing aqueous HCl solution at high temperatures, together with the use of an organic
solvent for extraction. Analysis was done through Gas Chromatographic methods. Personnel
trained at the NIMD-Japan under the direct supervision of Dr. Akagi performed the laboratory
analysis. Biological and environmental wastes have been disposed of in accordance with set
procedures and standards of the laboratory institutions.

Inter-laboratory comparison of four laboratories will be undertaken which will include the
UP-Manila and the National Institute for Minarnata Disease-Japan. Outline for the method is
shown in Figs. I and 2 follows:
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2.4. Analysis and Data Evaluation

Data were encoded using SPSS ver.8 A descriptive analysis of the basic demographic profile
and physical fdings has been undertaken. Socio-dernographic profiles, physical examination
findings and laboratory results have been compared using applicable parametric and non-
parametric tests to determine statistically significant differences (p values < 0.05). Regression
analysis to determine statistical correlation had been undertaken. Both bivariate analysis and
multiple regression analysis were done. Odds ratios and 95% confidence intervals have been
computed for abnormal health fdings.

2.5. Description of research carried out

Health assessment was done using face to face interviews supplemented with a standard
questionnaire. The subjects underwent a comprehensive medical and neurological
examination, the latter including a modified mental status test. Monitoring of vital signs and
peak expiratory flow rate were conducted. Biomarkers using hair, blood and urine samples
were analyzed for levels of total and methyl mercury.

Water, air and sediment/soil samples were collected for environmental monitoring for total
and methylmercury. Samples of marine life were also analyzed.

Analysis have been done by comparing the results of cold vapor atomic absorption
spectrometry and x-ray fluorescence technique. Methyl mercury levels were analyzed using
gas chromatography with electron capture detector (ECD). In this report results of biomarkers
were obtained using the atomic absorption and gas chromatography methods. The results
using x-ray fluorescence technique will follow.

3. RESULTS OBTAINED

3.1. Socio-Demographic Profile

Fifty-three 53) research subjects were selected by stratified random sampling from a list of
workers and community members directly and indirectly exposed to mercury from Sibutad,
Zamboanga del Norte.

There were 40 adults 75.47%) aged from 26 to 50 years, of which 25 were male and 5
female, based on the inclusion/exclusion criteria of the study. Thirteen 24.53%) children
aged 6 months to I I years, with 5 38.46%) male and 8 61.54%) female, were also evaluated.
(Table 1) Most of the workers resided in the community at an average of 14.36 years. On the
average there were 5325+/-2.39 family members in a household.
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TABLE 1: DISTRIBUTION OF RESPONDENTS BY AGE AND SEX, SIBUTAD, ZAMBOANGA
DEL NORTE, PHILIPPINES, 2000

Parameter Niunber Mean +/- S.D. (yrs)
All Ages 53 29.13+/-14.518

Children (0 II yrs) 13 24.53%) 6.49+/-3.65
Adults (18-50 yrs) 40 75.47%) 36.57+/-6.72

Sex
All Ages 53

Males 30 56.60%)
Females 23 43.40%)

Children 13
Males 5 38.46%)

Females 8 61.54%)
Adults 40

Males 25 62.5%)
Females 15 37.5%)

Most of the adults or 28/39 71.8%) were smokers with more than one half or 20/39 51.3%)
smoke during work periods. Consumption ranged from 320 sticks of cigarettes per day.
Most of the smokers were males which accounted for 22/28 78.57%) of the adults while the
rest were females 628 21.42%). Majority or 33/39 84.62%) of the adults drink alcoholic

beverages.

Seven households confirmed that they store mercury at their homes. Relative to their source
of drinking water, majority or 37/53 69.81%) have indicated natural spring as their primary

source, the water district for 853 15.09%) and deep well for 453 755%) of the
respondents. Only 553 9.43%) bathed in the river. More than one fifth of the respondents or
12/53 22.64%) use pesticides in their homes.

Most or 50/53 94.33%) of the subjects were fish eaters which was the common food eaten in
the community with 33/50 66%) eat fish 3 times a day; 750 14%), twice daily and 5150

(10%) once daily.

3.2. Mercury Determination

There were 51 hair samples evaluated for total mercury levels and methyl mercury which
ranged from 095-68.68 ng/g and 073-5.81 ng/g, respectively. The proportion of methyl
mercury in hair ranged from 266-99.98%. 10 had elevated total mercury levels and 23 with
elevated methylmercury levels.

Fifty (50) blood samples were analyzed for total mercury and methyl mercury determination
which showed levels ranging from 274-29.47 ug/L and 163-23.11 ugAL, respectively. The
proportion of methyl mercury in blood ranged from 29.38-97.30% A total of 23 blood
samples of the 50 tested showed elevated total mercury values and 10 had elevated

methylmercury levels. (Table 2)

Hair samples from the 38 adult subjects showed 10 had elevated total mercury levels > 4

ppm) and 20 with elevated methylmercury levels >2 ppm). Total blood mercury levels were
elevated >10 ppb) in 20 adults and 9 who had elevated methylmercury levels >10 ppb).

(Table 1)
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Among the 9 children who were more than 3 years of age (range: 5-11 years), none had
elevated total mercury levels > 4 ppm.) but 2 had elevated methylmercury levels > 2 ppm in
the hair. Blood levels showed elevated total mercury levels > 75 ppb) in two of the children
and one child showed elevated methylmercury levels > IO ppb). (Table 2A).

Among the children less than 3 years of age (range: 6 mos - 3 years), none had elevated
total mercury levels > 4 ppm) but one had elevated methylmercury levels (� 2 ppm) in the
hair. Blood analysis showed one child with elevated total mercury levels > 75 ppb) while all
showed methylmercury levels within acceptable limits 10 ppb). (Table 2B).

TABLE II: MERCURY DETERM1NATION IN HAIR AND BLOOD LEVELS, ZAMBOANGA
DEL NORTE, PHILIPPINES, 2000

Parameter Number Range Mean +/-S.D.
Blood (T-Hg Level)

All Age Group 50 2.74-29.47 10.71+/-6.00
Children 12 2.74-14.20 7.34+/-3.72

Adults 38 3.38-29.48 11.58+/-6.18
Blood (Me-Hg Level) ug/L ug/L

All Age Group 50 1.63-23.1066 7.51+/-4.66
Children 12 2.67-11.48 5.52+/-2.80

Adults 38 1.63-23.11 8.13+/-4.97
Blood (%Me-Hg Level) (%) (%)

All Age Group 50 29.38-97.30 69.70+/-15.37
Cbj1dren 12 60.9-97.3 76.1+/-9.63

Adults 38 29.38-90.23 67.67+/-16.37
Hair T-Hg Level (ng/g) (ng/g)

All Age Group 5 1 0.95-68.676 4.41+/-9.55
Children 12 0.95-5.11 2.11+/-1.06

Adults 39 1.045-68.68 5.11+/-10.84
Hair Me-Hg) Level (ng/g) (ng/g)

All Age Group 5 1 0.73-5.81 2.07+/-0.97
Children 12 0.73-3.21 1.68+/-0.68

Adults 0.86-5.81 2.197+/-1.02
Hair %Me-Hg) Level M (%)

All Age Group 51 2.66-99.98 74.34+/-21.35
Children 12 53.69-99.98 81.21+/-12.5

Adults 39 2.66-99.6 72.2+/-23.13

3.3. Environmental Monitoring

Analysis of 9 marine sample showed a range of 403-62.97 ng/g (ppb) for total mercury and
3.75-35.98 ng/g for methyl mercury which were within the allowable limits set by the Bureau
of Fisheries and Aquatic Resources (BFAR) in the Philippines 500 ng/g). The proportion of
methyl mercury ranged ftorn 22.99-89.78%. (Table 3)
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TABLE III: TOTAL AND METHYL MERCURY ANALYSIS OF FISH SAMPLES, SIBUTAD,
ZAMBOANGA DEL NORTE, PI-HLIPPINES, 2000

Fish Samples
Sample No. of Total Hg (ng1g) Total Hg (ng1g)

samples Range Mean+I-SD
Samulo 2 18.98-22.80 20.89+/-2.7
Danggit (Siganid) 2 4.03-5.67 4.85+/-1.16
Talad 2 33.42-59 46.23+/-18.11
Mulmol 2 72-7.38 7.30-0+/.13
Clam 2 25.71-38.06 31.89+/-8.74
Blue crab 3 38.63-62.97 49.1+/-12.53
Solid 1 23.57
Scallop 1 113 .55
Bugaong (Convex 1132.58
Lined Grunt)

Fish Samples
Sample No. of Me-Hg (ng1g) Mean+I-SD % MeHg Mean+I-SD

samples Range (ng1g)
Samulo 2 14.73-20.47 17.6+/-4.05 77.61-89.78 83.71+/-8.59
Danggit 2 4.14-7.89 3.95+/-0.28 72.89-93 82.99+/-14.15
Talad 2 23.84-35.98 29.91+/-8.59 60.96-71.33 66.14+/-7.33
Mulmol 2 4.37-4.38 4.37+/-0.01 59.13-60.76 59.95+/-1.15
Clam 2 5.91-9.7 7.81+/-2.68 22.99-25.48 24.24+/-1.75
Blue crab 3 28.55-34.03 31.28+/-3.87 73.90-74.53 74.21+/-0.44
Solid 1 20.42 86.64
Scallop 1 1123.24 1 69.27

113ugaong 1 1129.21 189.66
US FDA = 00 ppb

Water quality monitoring of a drinking water source showed a slightly higher level of
mercury as compared to the sample obtained from a creek (Table 4 Levels for receiving

water bodies were elevated as compared with the national standard.

TABLE IV: WATER QUALITY MONITORING ANALYSIS FOR N[ERCURY

Water Samples
Sample Total Hg (ngIL)

Drinking Water 9.39
Li bay Creek 9.73

Drinking water quality I uglL
Receiving water bodies 2 ngIL
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Ambient air quality monitoring showed that mercury levels in three sampling stations
exceeded the permissible limits (Table 5).

TABLE V AMBIENT AIR QUALITY MONITORING FOR MERCURY

Air Samples
Sampling Station No. Total Hg (g1m3)

Lalab, Sibutad 13.44
Libay Elementary School 4.74

Libay Barangay Office 9.67
National StandardforAmbient Air = 0.015 niglni3

Mercury levels in the sediment showed values within the standards set by the Netherlands.

TABLE VI: SEDIMENT ANALYSIS FOR MERCURY LEVEL

Sediment No. Total Hg (ng1g)
Libay Creek 49.63
(wet weight)
(dry weight) 35.28

Netherlands Standard = 03 ug'/g

4. CONCLUSIONS DRAWN

• A significant number of biomarkers from adults showed elevated total and methyl
mercury levels in both blood and hair.

• There were 23 subjects with elevated total blood mercury levels who could be
candidates for possible chelation if other criteria are fulfilled.

• All marine samples analyzed showed values of total and methyl mercury within
acceptable limits.

• Environmental monitoring results showed ambient air monitoring for mercury levels
in three sampling stations exceeding permissible levels. Likewise mercury levels in
the receiving water body and in the sediment exceeded the recommended standards.
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Abstract

During the reporting period work three main topics have been addressed in order to achieve the
objectives ofthe CP:

1. MethylmercuryfonnationanddegradationinsedimentsoftheGulfofTrieste.
2. Preparation ofSOIL-1 intercomparison sample.
3. Validation of techniques for determination of the rates for methylation and demethylation of

mercury in various matrices.

Ae present report covers thefirst two topics, while the third is presented as a separate manuscript in this
report, dealing with methylation ofinercury in Isopod Porcellio scaber and in lichens.

1. METHYLMERCURY FORMATION AND DEGRADATION IN SEDIMENTS OF THE
GULF OF TRIESTE

This work has been done in collaboration with (i) Mark E. Hines from Department of
Biological Sciences, Environment and Natural Resources Institute, University of Alaska
Anchorage, Alaska, USA and (ii) Jadran Faganeli from the Marine Biological Station, Piran,
Slovenia and was jointly published [ 1 1.

Activities at mercury (Hg) mines can lead to the mobilization of large quantities of Hg that
enter the environment and are transported downstream. Although much of this Hg is
deposited near the source, over time much of this Hg can be carried hundreds of kilometers
where it can potentially enter and bioaccumulate in distant food webs. Mining activities in the
ldrija mining district occurred for 500 years and the legacy of that mining can be seen in high
concentrations of Hg throughout the watershed and into the Gulf of Trieste. Mercury
concentrations are high in the sediments near the mouth of the Soca/Isonzo River in the Gulf,
and the Soca River continues to deliver -1.5 tons of Hg to the marine environment 100 km
from the mine 2 3 4 Much of the Hg carried to the sea is probably as fine cinnabar
particles, and the potential remobilization and further transformation of this Hg: is of concern
with regard to local environmental and the accumulation of methylmercury (MeHg in
seafood.

Mercury sulfide minerals are subject to dissolution and increased bioavailability when they
contact sulfidic environments such as what occurs in coastal marine sediments [5]. This
44 newly" available Hg can potentially undergo methylation to supply the environment with
newly formed MeHg. Indeed, Gulf sediments contain significant concentrations of MeHg and

91



effluxes of MeHg from Gulf sediments have been observed 6 7 8]. However, sediments can
also support active demethylation by aerobic and anaerobic bacteria 9]. This demethylation
can be due to either oxidative or reductive pathways. The present study was conducted to
determine the potential of sediments from the Gulf of Trieste to methylate and dernethylate
Hg including an assessment of which demetbylation pathway is most prevalent.

1.1. Methods

Sediment cores were collected by SCUBA divers at three stations in the Gulf of Trieste. Site
D6 is located near the mouth of the Isonzo River, site AA is located southeast of the mouth,
and CZ is in the center of the Gulf. These sites were described previously in terms of
sedimentology, geochemistry, and biogeochemistry [ 1 0, I I]. Site AA is identical to site AA I
in 7,8].

Sediment pore waters were extracted anaerobically by centrifugation [] HINES et al., 1984).
Total mercury was determined using the SnC12 reduction and cold vapor atomic fluorescence
detection (CVAFS) 12]. MeHg was determined following distillation, aqueous phase
ethylation, and GC separation using AFS techniques 13, 14]. Pore waters were also analyzed
for alkalinity [I 5], dissolved Fe (AAS), and NI-14% N03- and P04 3- 16].

Total Hg in Gulf of Trieste sediments was determined using cold vapor atomic absorption
(CVAAS) after acid digestion 12]. MeHg in sediments was determined using solvent
extraction, aqueous phase ethylation, GC separation, pyrolysis and CVAFS detection [ 3 14].
Solid phase C, N, and were determined using a Carlo Erba CHNS analyzer, and organic C
similarly after acidification with I M HCL

Potential Hg methylation rate constants were determined using 203 Hg and a toluene extraction
technique [1 6,17j. MeHg dernethylation rate constants were determined using 14C_MeHg[l
(HINES et al., 2000). 14 CH4 liberated from 14C-MeHg was determined using gas proportional
counting, whereas 'CO2 was measured by gas stripping acidified sediments and trapping of
C02- S04 2- reduction rates were determined using 3 S and the chromium reduction assay [ 1 8].
Schematic presentation if given in Figure .
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FIG 1: Schematic presentation ofthe procedure to study methylationldemethylation ofHg 9,1 7]

1.2. Results

Concentrations of total Hg and MeHg were high near the mouth of the Isonzo River and
decreased greatly into the Gulf (Table 1). However, dissolved Hg and MeHg concentrations
were similar at all three sites (Table 2. All three sites had similar concentrations of organic C
and total N, but site D6 exhibited less total than the other sites[l 6.

TABLE 1: Hg SPECIES IN THE SEDIMENTS

Depth Hg MeHg
(cm) (pg/g) (ng/g)

Site D6
0.75 31.5 4.86
2.25 35.3 1.18
5.25 39.0 1.76
10.0 47.8 3.98

Site AA
0.75 2.38 1.07
2.25 2.26 0.20
3.75 3.69 0.16
5.25 3.23 0.23
7.0 3.42 0.17
10.0 2.74 0.12

Site CZ
0.75 0.77 0.39
2.25 0.89 0.28
3.75 0.89 0.13
5.25 0.84 0.16
7.0 0.86 0.09
10.0 0.94 0.09
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TABLE 11: Hg SPECIES IN PORE WATER

Depth Hg MeHg
(cm) (ng/L) (ng/L)

Site D6
0.75 5.0 0.39
2.25 4.8 0.66
10.0 1.6 -

Site AA
0.75 5.9 0.29
2.25 1.2 -
3.75 3.0 1.19

5.25 4.5 0.46
Site CZ

0.75 7.8 1.70
2.25 5.1 5.86
3.75 1.5 0.51
5.25 2.1 0.15
10 6.8 0.25

Hg methylation and MeHg demethylation was active at all three sites (Fig. 2. These data are
first order rate constants that are the rates at which the bioavailable pools of Hg and MeHg
turnover. If the bioavailable pools did not vary with depth, these depth profiles would indicate
that Hg transformations are most rapid near the surface. Concentrations of MeHg decreased
greatly with depth (Table 1), suggesting that MeHg demethylation was much more rapid in
surficial layers than below 3.0 cm. Rates of both processes were most rapid in summer by up
to 10 fold or more. However, rate constants were not appreciably different between sites on
the same dates. The C of MeHg was converted primarily to C02-

However, significant proportions of CH4 were detected in surface sediments in winter

(March) at sites AA and CZ, with the highest values noted at CZ. A small, but easily
detectable CH4 ftaction was noted in June as well. No CH4 was detected at any depth in
August.

Sulfate reduction (Fig. 3 was measured in March and August, with the highest rates noted at
site D6 and during August. In winter, rate maxima occuffed at about 20 cm, whereas rate
maxima in August occurred in the uppermost subsample. All three sites in August displayed a
slight subsurface maximum at 70 cm, which was probably due to the reworking activities of
benthic infauna 6].

1.3. Discussion

The Hg transport legacy of the mining in 1drija is seen at the mouth of the Isonzo River where
Hg levels are quite high (Table 1 4 7 ]. Concentrations of Hg decrease quickly offshore,
but Hg transformations are active throughout the Gulf. It is likely that Hg is remobilized into
bioactive forms near the mouth of the river due to the effects of increased sulfide production
as salinity increases [5].
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Although total Hg and MeHg were highest near the river mouth, concentrations of dissolved
Hg species were similar (Table 2 suggesting equilibrium between production and flux, or
relatively similar rates of production and/or dissolution of Hg species.

Hg transformation rate constants were relatively similar for methylation and dernethylation
and were highest in summer. The similarity in constants between each site suggested that
methylation and dernethylation were coupled, i.e., much of the MeHg produced was probably
consumed within the sediments. Actual rates of Hg flux can be calculated using pore water
Hg species data and activity rate constants. Since all three sites exhibited similar
concentrations of dissolved Hg and MeHg, and rate constants were also similar, the rate of
production and degradation of MeHg were similar at all sites; again underscoring the
potentially tight coupling between the production and degradation of MeHg in Gulf
sediments. However, exact flux rates require a knowledge of the concentrations of
bioavailable Hg and MeHg, and it is not clear if pore water Hg data represent these pools.

MeHg degradation in Gulf sediments occurred primarily via the oxidative pathway as
evidenced by the dominance of the production Of C02 from MeHg 9,19]. It is likely that the
bulk of the MeHg degradation occurred via sulfate-reducing bacteria that are prevalent in
these sediments [11]. These same bacteria are responsible for MeHg formation 20].
However, during winter and to a lesser extent in spring, a significant portion of the methyl C
of MeHg was converted to CH4. Since methanogenesis is not expected in these sediments, and
would not be found in surface sediments, the formation of CH4 from MeHg must have
occurred by the reductive pathway of the mer operon genetic system in bacteria. The fact that
this pathway was only important in surface sediments and during colder periods suggests that
the reductive pathway is restricted to oxidizing sediments while the oxidative path is
primarily anaerobic. Hence, changes in biogeochernical conditions can affect the pathway of
MeHg degradation in sediments.

2. PREPARATION OF THE SOIL REFERENCE MATERIAL SOIL-1 FOR
COMPARABILITY STUDIES

Initial plan of the CRP participants was to prepare a reference sediment sample from a
tropical region for comparability studies. One of the potential area for sampling was Lake
Guri in Venezuela, but the results of total and MeHg revealed that this lake contains low
concentration of total Hg, and would, therefore, not be appropriate (Table 3.

The second posibility was to prepare river sediment from the Amazon region, which would be
more appropriate as regards the concentration ranges. However, the amount of sample (about
2 kg) sent by Dr. Guirnaraes from Brazil to the Jo:&f Stefan Institute in Ljubljana was not
sufficient to prepare a reference material for all the CRP participants.

In order not to delay with the implementation of the work programme of the CRP it was
decided to prepare a soil sample from an area close to Idrija mercury mine, Slovenia, that is
contaminated with Hg due to continuous deposition of particles enriched with Hg during
flood events. Such a sample is representative of areas where mercury transport and deposition
is governed by river hydrology, which is typical in a number of mercury contaminated
environments.
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TABLE III: TOTAL AND MeHg CONCENTRATIONS IN LAKE SEDIMENTS FROM THE
RESERVOIR GURI, VENEZUELA

Sample Total Hg MeHg % MeHg
ng/g, DW ng/g, DW

EP- 1 49,7 ± 07 0,11±0,01 0.22

EP - A 87,7±1,0 0,27 003 0.31

EP - B 82,3 ± 21 0,12 012 0.15

EM- IA 84,9 ± 29 0.32 0.38

EM- 1B 65,6 ± 28 0.08 0.12

EM - A 28,6 06 0,5 ± 003 2.03

EM - B 28,1± 0,8 0,97 ± 002 3.45

2.1. Sampling and sample preparation of soil-1

Sampling:

About 100 kg of the soil sample will be collected into polyethylene containers in February
2001 from a grassland at Ba6a which is frequently flooded by the river Idrijca (Figure 4.
Surface soil was taken by a plastic shovel. The sample will then be transported to the
Department of Environmental Sciences at the Jolef Stefan Institute for further preparation.

A US TRIA
Sampling

W la
Site at B a6a25 K-n

Expected concentrations:
30-40 mgJkg of total Hg
3-5 mg&g of MeHg

7

RWA
2

1'. LWUAITALY i lumija

i 4 Wer

SLOVENIA

N

FIG 4 Sampling sitefor SOIL-] intercompariosn sample
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The same sampling site is regularly monitored since 1995 and the concentrations of total Hg
was in the range between 40 to 50 mg/kg dry weight, while MeHg concentrations varied from
3 to 5 �tg/kg.

Sample preparation:

After collection, sample will be air dried at 40'C in a drying oven for three days. Samples
were ground and homogenised in rotating ceramic mill, sieved through a mesh of 14 mm
pore size and then through 250 �tm. Due to the first set of data on bulk homogeneity, which
indicated noticeable non-homogeneities, it was decided to re-homogenize the samples. The
results were still not satisfactory, therefore sieving through a sieve with 125 [tm had to be
conducted The total amount of the sample before bottling was expected to be about 30 kg,
however only kg of sample was finally obtained. The whole content of the sample will then
be homogenised in a plastic rotating container for 3 days.

2.2. Homogeneity testing

For the bulk homogeneity testing only total Hg was analysed using procedure described
below.

2.2. 1. Determination of total Hg

Sample aliquots of about 250 and 500 mg were weighed directly in Teflon digestion vessel,
and after addition of 4 ml of conc. HN03 and 2 ml of H2SO4 the vessel was closed and the
mixture was left to react at room temperature overnight. Digestion was finished by heating in
an Al block at 700C for 12 hours on a hot plate. The digest diluted with doubly distilled water
to the mark 26.8 ml). An aliquot of the digest was added to the reduction vessel and after
reduction with SnC12 mercury was swept from the solution by aeration and concentrated on a
gold trap. Mercury was then released from the gold trap by heating and measured on an LDC
Milton Roy instrument by cold vapour atomic absorption spectrophotometry (CV AAS) A
detailed description of the methods is elsewhere 12]. The detection limit of the procedure is
0.2 ng.ml. The precision varies from 2 to %. Calibration was performed by the Hg standard
solution in 5% HN03 prepared from pure elemental mercury. The accuracy of this standard
solution was verified against the calibration with saturated mercury vapour at known
temperature.
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The digested samples were also measured by the CV AAS Hg analyzer SANSO
SEISHAKUSHO Instrument Model'910, Japan, without amalgamation and comparative
results are presented in Figure .

90.0 

80.0 

70.0 -
y1,0573x
R2 0,8816

'L' 60.0

50.0

40.0

40.0 50.0 60.0 70.0 80.0

Without preamalgamation

FIG 5: Comparison of two measurement systems (e.g. with and without preamalgamation) using CV
AAS detection

2.2.2. Bulk homogeneity testing

10 bottles were taken randomly during rotation from a plastic rotating container for a bulk
homogeneity testing. Each bottle was analyzed in three independent aliquots 250 mg sample
intake). The results are presented in Table 4.
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TABLE IV: TE RESULTS FROM TE FIRST BULK HOMOGENEITY TEST

1st homogenization 2nd homogenization
30.5.2001 10.6.2001

0.2 g < 025 im, n--3 0.2 g < 025 mm, n--3

1 62.5 ± 40 56.5 ±1.0

2 59.9 ± 60 61.2 ±1.0

3 55. ± 91 49.9±1.2

4 56.6 ± 22 51.9± 27

5 59.5 12.7 52.7 ± 12

6 60.1 6.3 47.6 ± 04

7 54.6 4.5 56.7 ± .1

8 57.5 4.2 52.4 3.3

9 60.5 9.8 68.1 0.3

10 59.4 6.5 65.5 0.3

Summary 58.6 ± 70 11.9%) 56.3 ± 67 11.9%)

Based on the data presented in Table 4 it was decided to sieve the samples again < 125 �Im)
and rehomogenize the sample. Only two duplicate analyses of 250 mg sample intake were
performed in 10 different bottles taken randomly from the bulk of the sample. The results
were not significantly better, threfore a larger sample intake was takem (500 mg). The results
are presented in Table .
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TABLE V TE RESULTS OF TE SECOND BULK HOMOGENEITY TEST

23.7.2001, 0.125mm 24.7.2001, 0.125mm

0.2 g 0.5g

1 41.2, 43.0 48.8, 52.1

2 51.7, 55.7 48.7, 50.3

3 56.6, 57.0 51.4, 50.0

4 52.0, 50.4 52.8, 53.1

5 44.2, 45.2 52.8, 51.8

6 45.5, 41.8 56.0, 58.3

7 47.7, 46.0 46.3, 46.3

8 45.0, 47.3 47.9, 48.9

9 40.7, 39.8 53.2, 52.5

10 44.2, 46.3 44.1, 44.4

Summary 47.1 ± 52 (11%) 50.5 ± 37 7.3%)

Particle size distribution after sieving is presented in Figure 6.

Bottling: Based on demonstrated homogeneity of the bulk material on 500 mg sample weight
the material was subsampled into 300 polyethylene bottles 100 ml), each containing about
70 g of the sample.

Within bottle and betiveen bottle homogeneity testing is in progress. 10 bottles will be taken
randomly and will be analysed at the J&ef Stefan Institute (JSI) Ljubljana. Three independent
sample aliquots (sample 500 mg) will be analysed in each bottle.
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FIG 6.- Particle sze distribution ofSOIL-1 sample

2.3. Determination of Methylmercury

Methylmercury was also determined in two bottles (two indepedent analysis) and the results
are shown in Table 6.

The method consists of the following steps:

Approximately 2 0 mg of the sample ml of acid solution (I 8% KBr and 5 % sulfuric
acid, 1: 1) I Ml M CUS04 shakingfor 15 min and extraction into IO ml CH�qCL?,

shaking, the aqueous phase discarded
�j

back-extraction into 20 ml of water by evaporation of CH�?Cl, at about 800C
V

an aliquot of the aqueous sample as then submittedfor derivatization by adding 0.2ml
of I % Na-tetraethylborate

V
purging of ethylated Hg species on TENAX trap at room temperature

thermal desorption onto isothermal GC column (60'Q
V

pyrolitic decomposition (6000C)

detection by cold vapour atomicfluorescence detector Tekran 2600)

The method is based on literature references [ 3 14, 22 2 
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TABLE VI: ETERMINATION OF MeHg IN SOIL-1, PARTICLE SIZE <0.125mm, SAMPLE
INTAKE 05 G

Bottle No. MeHg Mean ± SD

(n as Hg, d.w.)

1 2.56

1.74 2.24 ± 035

2 2.38 (15.6%)

2.28 1

2.4. Determination of residual water content

About lg of the sample was dried at 1050C for 48 hours. The water content was
2.225±0.166 %, determined in 10 independent sample aliquots.

2.5. Quality control

Two certified reference materials were used for quality control: (1) CRM 580, Trace Elements
in Sewage Sludge of Industrial Origin, obtained from the Community Bureau of Reference
(BCR) and 2) IAEA-356, Trace and major element sand methylmercury in polluted marine
sediment obtained from the International Atomic Energy Agency. The CRMs were analysed
in triplicates with each set of analysis. Certified values are given below. These two materials
are the only materials that are close to the sample used in terms of matrix and concentration

ranges and are therefore suggested to be used a common reference for other laboratories.

TABLE VIL QUALITY CONTROL SAMPLES

Certified Value(l)
CRM

Producer Code No. Matrix MeHg Total-Hg

mg.kg -1 as Hg, DW mg.kg-1, DW

BCR CRM 580 Estuarine Sediment 0.0702+0.0034 132±3

FA7- M7 7L ILAEA-356 Polluted Marine Sediment 0.0054+0.00089 7.62-10.65
(1) Certified value 95% confidence interval (DW - dry weight) and/or uncertainty

In order to guarantee the stability of the sample during the implementation of the whole CRP

a set of three bottles will continoulsy be re-analysed on a three months intervals for total and
MeHg using the same analytical procedures as for homogeneity testing.

2.6. Tracer Experiments using 203 Hg

Before the sample was distributed at the 2 dRCM meeting in Minmata, October, 2001 some
preliminary experiments were conducted using radiotracer 203 Hg. The following
transformations were checked:
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Methylation/demethylation: 203 Hg2+ :;i*- CH3 213 Hg+

Reduction: 203 Hg2+ 203 Hg 0W

2.6. 1. Reduction

Schematic presentation of the reduction vial is shown in Figure 7 Soil sample was transferred
to the bottom of the 250 ml impinger and radioactive tracer in aqueous solution was added.
The reduced Hg 0 was adsorbed on activated carbon and counted on well type detector HPGe
(Ortec, USA).

N2 20 1h)

Activated charcoal
(0.45g, 0. - 0.85 mm)

Soil sample

FIG 7 Schematic presentation ofthe system to study the reduction of 203HJ+ in SOIL-]

The first experiment was done with 12 g of SOIL-1, which was carefully transferred into the
impinger. The sample was moistened by 6 ml of Milli-Q water sample containing radioactive
tracer. Two experiments were initially conducted. One impinger was kept at room T in the
dark, while the other was left ambient temperature on under the daylight conditions.

As shown in Table 8, the amount of Hg reduced was significantly higher 7%) at the daylight
exposure compared to indoor-dark experiment (up to 33%).

In order to compare the ability of processed SOIL-1 sample for further reactions the untreated
sample taken from the same experimental area was also spiked with radiotracer. The
experiment was conducted under the same experimental conditions as with SOIL 1, except that
the water sample from the river Idrijca was used instead of Milli-Q water. Interestingly, the
amount of spiked Hg reduced was in the range from 4 to 5.5%, which is similar to the first set
of experiment, where the SOIL-1 was exposed to daylight No significant difference was
observed between day light and dark conditions. This data indicate, that SOIL-1 sample has
been altered during drying, grinding and sieving stage, however SOIL-1 sample still has a
capacity to reduce Hg and we therefore concluded to be suitable for comparability studies.
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TABLE VIII: REDUCTION OF SPIKED 20'HG2+ IN SOIL I

OUTDOOR INDOOR-DARK

Preparation Incubation Activity Preparation Incubation Activity

(Bq) (Bq)

12 g of SOIL- I 38h 202 Bq 6 g of SOEL I 38h 21.4 Bq

SOEL I + 16-270C 200 Bq + 240C 47.2 Bq

(d<O 125 mm) 'O'Hg in 6 ml N = 2 1/h 20'Hg in 3 ml N = 2 1/h (1.3 %; 33%)

MlliQ (7%) MlliQ

(2874 ) (1437 Bq)

12 g of the soil 42.5 h 104 Bq 6 g of the soil 42.5 h 36.8 Bq

+ 14 - 27 C + 20 - 24 C

201Hg in 6 nil of N = 21/h (6.6%) ... Hg in 3 ml of N = 21/h (4.6%)

Fresh soil the river water the river water

sample from (I 592 Bq) (795 l3q)
the same
region

12 g of the soil 42.5 h 8IBq 12 g of the soil 42.5 h 43.4 Bq

+ 14 - 27 C + 20 - 24 C

201Hg in 12 ml N2 = 21/h (5.1 %) 211Hg in 12 ml N = I 1/h (5.5%)

of the river of the river
water

water

(1592 Bq) (795 Bq)

In addition, an experiment to follow the dynamics of mercury reduction over the first 4 hours
after spiking was also implemented. This experiment was conducted under the day light
conditions at room temperature. Evidently, the plato was reached in about 4 ours. Further
measurements should be done in order to see the dynamics of Hg reduction (Figure 8).
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FIG 8: Mercury reduction vs. time ofexposure

2.6.2. Methylation

Sample
:sediment or biota
:51 in 20 ml counting vial
gamma activity counting

Mercury extraction
add IN KOH-ethanol, 9 ml

-shake for 20 minutes, at room temperature
-acidify slightlv with HCI (1:4). 5 ml
-extract with 0.1% dithizone-ioluene, 5 ml

I F -centrifuge at 1000 rpm for 5 min

Aqueous layer Toluene layer
2 ml, florisil column chromatography
--washed with NFIOH (:9), 10 ml
-centrifuged at I 00 rpm for 5 min

Aqueo e layer
.0.5 ml, gamma activity counted for HS
recovery check

-evaporated to dryness
-residue dissolved in acetone (3-4 drops)
and applied to TLC paper

-add inorganic and methylmercury
,i y dithizonate standards

Thin layer chromato raply
LC paperRve ope with hexane-toluene

(1: I) solvent
cut into 4 strips: sample origin, inorganic HS
methyl Hg, solvent front

-gamma activity counting of the TLC strips

Gamma activity data processing

FIG 9: Schematic Diagramfor Determining Methylation

Method initially developed by Czuba et al 23] and later modified by Jereb et al. 24] (this
issue) was applied. The schematics of the method is presented in F re 9. The advantage of
the method is quantitative extraction of both 2"'H g2+ and 2113 UeFlg + and subsequent
determination of of the transformed Hg from the ratio between Hg-Dz and MeHg-Dz thin
layer strip.
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About 6 g of the sample was spiked with 203 Hg in aqueous solution and the sample was
incubated at room temperature in closed glass container. Both the original sample from the
sampling area and SOIL I were taken for the first test. The results are shown in Figure 10 It
is clearly shown that a significant difference exist among the two samples. The original,
untreated sample methylated spiked inorganic Hg tracer much faster than SOIL-1. However,
the methylation rate in SOIL-I is still clearly evidenced and we concluded that the sample is
still suitable for the determination of net methylation rates.

0,35 -

ta
0,3 -

0,25 -

0,2 -
.

E 0,1 -

0,1

0,05

0

0 1 2 3 4 5

Time (h)

FIG IO: Comparison ofnet methylation rate in soil samples

2.7. Conclusions and future work

The between and within bottle homogeneity in SOIL I will further be checked and reported to
the participants of the CRP. Sample will also be analysed for other elements using NAA anfd
atomic spectroscopy methods. The participants will be requested to analyse total and MeHg
and other trace elements concentrations in the samples by their usual techniques. In addition,
laboratories will be asked to determine other important parameters such as DOC, Ph, and E.

They will be requested to make three separate determinations of each anaylte and to report the

results together with a short description of the method used on the report form distributed by
the IA-EA Technical officer.

During the second CRP it was also agreed that the sample will be used for comparability
studies for Hg transformation mechanisms. The protocol agreed are as follows:

Moisture: - soil:water ratio: 2:1 w:V (e.g. 6g soil, 3 ml milliQ)

1:1 w:V (e.g. 6 g soil, 6 ml milliQ)
Optional: 12 w:V use of rain water, river water
with different T0C/D0Q
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Incubation conditions: Closed glass vials 250 ml) with controlled air flow 10-20 1/h) No
rubber to be used. 1 - 25 c in the dark. Optional: exposure to day light.

Incubation time: The soil sample is wetted with milliQ that contain tracer/cold Hg. 48 h of
incubation is minimum.

Added tracerlcold Hg: 500 ng each time.

Other data, that are relevant should also be obtained, such as pedological analysis and other
physical and chemical parameters.
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1. INTRODUCTION

Due to some remarkable characteristics, more than a decade ago terrestrial isopods were
introduced as biornonitoring organisms for metals in industrially polluted environments 1].
These characteristics are: suitable size, abundance, ease of handling in the laboratory, the
ability to accumulate metals (Zn, Cd, Pb) and dose-dependent response to different metals and
pesticides (diazinon) 2].

The isopod Porcellio scaber is a small terrestrial crab, which colonizes upper soil layers and
litter. It lives in a humid environment, mostly under tree-leaves, decaying wood and bigger
stones. It is an onivore, but its most common food is decomposing organic matter.
Therefore, isopods are important for decomposition and cycling of mineral matter in nature.
Poreellio scaber can be also found on the river banks of river ldrijca a mercury contaminated
site, but there is a lack of data on effects of Hg on Porcellio scaber. Therefore, it would be of
interest to investigate the biological cycle of mercury in this animal.

The objectives of our work were:

• To assess the magnitudes of biological processes (metal (H g2+) uptake, its retention in
the animal, accumulation in glands, excretion of Hg by faeces)

• To investigate the possibility of mercury transformation in the animal (Hg 2+ - MeHg+).
It is known, that intestine is a possible Hg 2+_ methylation site; in the gut of Porcellio

scaber are present anaerobes and very likely also sulphate-reducing bacteria, which
are known to be responsible for Hg2+ methylation in nature.

• To validate an appropriate analytical technique for Hg 2+ methylation asssays in the

isopod Porcellio scaber.

2. BIOLOGICAL PART
MERCURY UPTAKE RETENTION EXCRETION

2.1. Porcellio scaber from Hg-unpolluted area

THg and MeHg determinations in glands, gut, faeces and food

Total- (THg) and methyl- mercury (MeHg) in the isopod Porcellio scaber and its
environment from a Hg-unpolluted area a9ko, Slovenia) were measured by the use of
validated techniques (CV AAS, CV AFS).



Two groups of 17 animals raised in similar conditions were analyzed (male and female
without marsupy). Composite samples of glands and guts were analyzed and results are
summarized as shown in the Table .

TABLE 1: TOTAL AND METHYL MERCURY IN PORCELLIO SCABER AND ITS
ENVIRONMENT

Sample THg (ng/g) MeHg (ng/g) %MeHg

(CV AAS) (CV AFS)

Glands 9.9 ±1.4 (5) 7.33 ± 104 (7) 77.1

Gut 30 ± 3 4 4.16 ± 048 (9) 14.2

Faeces 45 ± 6 0.37 ± 0.11 (4) 0.79

Tree-leaves 52 ± 7 4 0.20 ± 007 (3) 0.41

Soil 146 ± 37 (5) 0.70 ± 0.08 (6) 0.53

*average value

() number of determination for two independent sample
These results indicate Hg 2+ -methylation in gut and its further accumulation in glands.

2.2. Porcellio scaber exposed to 203 Hg 2+

• Three groups of the isopod Porcellio scaber exposed to three different
concentrations/activities of 2G3H g2+ were investigated

• Animals were exposed from 7 to 35 days. Several times during this experiment their

activities were measured to see the dynamics of Hg uptake and retention

• All parameters (date, number and weight of animals, their gender, amount of food
consumption, weight of faeces, moult freqency) were carefully recorded.

Comparison of UPTAKE, RETENTION and EXCRETION of 203 Hg in faeces in three

different groups of Porcellio scaber as shown in Table 2.

The majority of consumed Hg is excreted from animals; only a few percents (approximatelly

14%) of Hg is retained.

An asssessment of the mass balance indicate that a large fraction of 23 Hg is lost from the
experiment in particular in the group of animals exposed to the highest Hg concentrations.

This suggest that at high concentrations volatile Hg species are formed, most likely reduction
of Hg 2+ to g0occurs. Further studies will include meauserment of volatile Hg compounds.

DISTRIBUTION of RETAINED Hg in live animals of group C and their glands and gut after

section is shown on Figure 2.
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TABLE 11: UPTAKE, RETENTION AND EXCRETION OF 203HG BY FAECES IN PORCELLIO
SCABER

Weight Duration Weight Activity Activity Percent of Activity Percent of
Of Of of in consu- in animal 203 Hg in in faeces excreted

group animal exposure eaten med food animal 203 Hg by
food faeces

(mg) (day) (mg) (13q) (l3q) (%) (J3q)
Al 46 1 6 57.2 21.4 0.6 2.8 15.5 70.1
A2 46 1 6 54.8 20.5 1 0.6 3.1 13.4 65.4 1

3 42 6 52.9 19.8 0.8 4.2 10.0 50.5 1
0.3ng/g 36 6 47.5 17.8 0.6 3.2 8.5 47.8
0.37 B/g 32 16 43.1 16.1 0.2 1.4 10.7 66.5

X ± s.d. 3.0 ± 0.1 60 ± 1

B1 55 35 78.8 344 2.4 0.7 272 79.2
B2 29 16 43.7 191 4.3 2.3 118 61.9

(section)
B3 26 16 54.7 239 4.4 1.9 186 78.0

(section)
134 44 16 45.3 198 3.9 2.0 116 58.7

(section) I
135 35 33 89.1 389 3.2 0.8 282 72.6

(dead)
B B6 32 35 96.3 420 1.0 0.2 45 10.7

3.23 ng/g B7 40 35 86.1 375 6.7 1.8 232 61.8
4.41 B/g B8 55 35 96.5 421 4.8 1.2 222 52.8

B9 55 28 96.3 420 1.1 0.3 94 22.4
(dead)

1310 35 22 50.1 218 4.1 1.9 69 31.6
(dead)

Bll 29 16 70.3 307 6.2 2.0 237 77.3
(section)

B12 31 35 93.7 409 3.6 0.9 300 73.4
B13 45 35 92.7 404 1 3.0 0.8 1 131 32.4
B14 1 28 35 92.8 405 4'4 1.1 166 41.0
B15 1 24 35 85.8 374 2.8 0.8 1 166 44.4 1

X s.d. 1.2 ± 07 53 ± 22

C1 53 5 9.30 4790 253 5.3 1510 31.6
(section)

C2 54 5 10.2 5260 199 3.8 2020 38.3

C (section)
C3 80 7 13.9 7160 210 2.9 2140 29.9

323 ng/g C4 60 7 12.4 6390 254 4.0 1040 16.3
433 B/g C5 63 7 12.5 6440 294 4.6 1750 27.2

C6 76 7 13.8 7110 452 6.4 3740 52.6
C7 64 7 12.9 6650 119 1.8 1140 17.1
C8 58 7 13.5 6960 209 3.0 1440 20.6

�F _± s. d. 4.0 ± 14 29 ± 12

Data on animal and faeces activity are normalised for geometricaly counting efficiency.

Data from Table 2 are shown also in Figure .
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FIG 2 Distribution Of203Hg behveen glands and gut in Porcellio scaber
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Investigation of Hg-METHYLATION in the animal

To confirm that added 203Hg2+ is methylated in the animals, an analytical technique of Akagi
et al. 3) was adopted:

Leaching of Hg species with 1M KOH

Extraction of Hg-species in 0. 1 % dithizone-toluene

Clean-up of extracts

Separation of Hg-species b thin-layer chromatography (TLC)

Gamma counting of smaller TLC strips

Preliminary results indicate that a small ftaction 0-3%) of added 203H g2_'_ is transformed to
MeHg. However, the results are highly variable (e.g. due to analytical uncertainties and/or
biological diversity. In order to reduce analytical uncertainties, the next step was validation of
the analytical protocol.

3. ANALYTICAL PART
VALIDATION OF ANAYTICAL TECHNIQUE

There are only few analytical techniques for Hg-methylation assays but mostly they are not
validated and results cannot be compared. In the radiochemical field, the method from Akagi
et al. has two important advantages (selective separation of Hg-species and it also includes
information about Hg 2+ ) and was validated in our laboratory.

3.1. Testing with aqueous solutions of 203 He + and Me 203 Hg+ (synthesised in our lab)

3. 1. 1. Extraction conditions

Extraction efficiency was tested with 0.1% dithizone-toluene from aqueous solutions of
different pH (0, 1 2 3 4 6 7 0) and at different ratios R = V,g / Vaq (5 2 1, 0.5, 0. 1).
The best efficiency was at pH = I for all ratios, but we chosed R = .5 for further drying of
the extracts small volumes are prefered).

3.1.2. Clean-up of extracts

Cleaning through florisil column (shown on Figure 3.
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FIG 3 Retention of 203Hg onflorisil column

For accurate MeHg+/H g2+ determination, cleaning through florisil column (Florisil, 60/80

mesh, Merck) is not appropriate.

* Washing the excess of dithizone with alkaline solution

The best results for washing of extracts were obtained by using NH3 1:3) solution; volume of
NH3 was twice as great as the volume of extract.

3.1.3. Interferences

At pH = I the only metal which is coextracted is Cu. Copper is present in isopods in ppm
range but it does not affect extraction of Hg-species in this range.

3.2. Validation with real sample - isopod Porcellio scaber

5 groups of the isopod Porcellio scaber were exposed to 203 Hg2+ or Me 213Hg+ of different

activities/concentrations. The main objective was to test the first step - isolation of Hg Mecie
from the sample. We tried to isolate Hg-species from the sample by leaching with IM KOH.
First data showed that Hg-species from animals exposed to MeHg+ are isolated much better
than from animals exposed to Hg 2+ . To complete the isolation of Hg-species, leaching with

repeated at elevated temperature and all results are shown in Figure 4.
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FIG 4 Isolation ofHg-speciesftom Porcellio scaber

I M KOH leaching itself is not effective enough; it seems that one part of the H g2+ is more
strongly bound and can be released only at elevated temperature.

Thin-layer chromatogram of isopod Porcellio scaber and non-active standards is presented on
Figure .

a) d)
4 solvent front

MeHg+ - dithizonate

H9 2 - dithizonate
Cu - dithizonate

........... . . ............. ....... ..... ........ . ........... .... . ...... .. .... ....... 4 s a m p le a p p lic a tio n

FIG 5: Thin-layer chromatogram ofPorcellio scaber and non-active Hg-standards:
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a) Sample No. I I
b) Sample No.4 together with non-active Hg standards (cold Hg 2+_ and MeHg+-

dithizonates)
C) Non-active standard Hg 2+-dithozonates
d) Non-active standard MeHg+-dithizonates

Retention factors for Hg-species in the case above are slightly different as usually because
mobile phase (hexane/toluene 1: 1) was not freshly prepared.

Results of Hg-transformation experiment in isopod Porcellio scaber are shown on Figure 6.
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FIG 6 Hg transformations in isopod Porcellio scaber

Isopods Porcellio scaber actively transform Hg-species.
Individual differences in Hg-transformation rates are very high.
The method from Akagi et al. is also applicable to follow the demethylation process.
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SPECIATION OF Hg IN LICHENS

VESNA JEREB, MILENA HORVAT

Department of Environmental Sciences, Jozef Stefan Institute, Jarnova 39, 1000 Ljubljana,
Slovenia

1. INTRODUCTION

Lichens have long been regarded as a suitable tool for monitoring the relative levels of
atmospheric pollutants (1). Lichens have neither roots, a waxy cuticule nor stomata: hence,
for mineral nutrition they are largerly dependent on wet and dry deposition from the
atmosphere. Moreover, lichens are perennial and can accumulate elements over long periods
of time. Therefore, concentrations of elements in lichens represent the average levels of
elements in the atmosphere for a long period of time.

The epiphytic lichen Hypogymnia physodes, shown in Figure 1, is a good bioindicator of air
pollution with total mercury (THg). In addition, it contains small amounts of methylmercury
(MeHg+). The first aim of our work was to test analytical techniques for determination of
MeHg in lichens taken from different locations in Idrija and reference locations.

FIG 1: Hypogymnia physodes

Further, it is not clear, so far, whether MeHg in lichens comes from air via wet and dry
deposition or inorganic Hg is methylated in the lichens themselves. To answer the question of
the origin of MeHg in lichens, a radioactive tracer (203Hg2 ) was used.
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2. DETERMINATION OF MeHg IN LICHENS

Methylmercury in lichens is determined by two different techniques. They include diffferent
isolation steps (ion-exchange and solvent extraction) and different detection systems (CV
AAS and GC ECD) 2) as schematically shown:

SAMPLE

Acid leaching with KBr/112SO4 Acid leaching with HO

Extraction of MeHgBr Separation of organic and
from aqueous solution into toluene inorganic Hg on ion-exchange

resin (Dowex W, Cl')

Extraction of MeHg from UV oxidation
toluene into 1% cysteine solution

After acidification, Reduction with SnC12,
re-extraction of MeHg into benzene amalgamation,

dearnalgamation

GC-ECD CV AAS

Results obtained for MeHg with two independent methods are shown in the table below.
Lichens were also analysed for THg by the use of validated method (acid digestion followed
by CV AAS):

TABLE 1: TOTAL AND METHYL NIERCURY IN LICHEN SANTLES OBTAINED BY USE OF
DIFFERENT TECHNIQUES

THg eHg (ng/g, d.w.)
Lichen (ng/g, d.w.) Ion-exchange Extraction difference % MeHg
sample CV AAS GC ECD

1 10 ± 4 3 4,4 ± 1, 9 3,64 ± 004 4 0,8 ± I'l 3,5
2 209 ± 6 (8) 4,2 ± 02 9 2,67 2,67 1,5 ± 02 1,3
3 286 3 ± 6 3,56 3,56 1,4 1,1 192

4 864 34 4 22,4 07 (I 1) 19 4 3,4 ± 12 2,2
5 1360 I 11 9 13,7 09 (8) 5,6 0, 4 8, ± 09 0,4
6 1450 5 9 19 ± 2 9 9,4 0, 4 9,6 ±2,3 0,6
7 2060 18 9 17 ± 9 10,52 0,0 4 6,7 I'l 5
8 6100 10 3 5 ± 19) 23,1 0,7 4 26,4 5,4
number of determinations
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The results show that concentration of MeHg from the two techniques are very different. In
all cases results are much higher when ion-exchange/CV AAS technique was applied. This is
due to its non-specific separation of organic and inorganic Hg on the ion exchange resin. In
order to obtain accurate results for MeHg in lichens, the solvent extraction/GC ECD
technique should be applied. The data obtained also show a positive correlation between total
and methyl mercury in lichens.

3. ORIGIN OF MeHg IN LICBENS

To answer the question about the origin of MeHg in lichens, the radioactive tracer 203H g2+

was used. The epiphytic lichen Hypogymniaphysodes was sampled in a Hg unpolluted area in
Slovenia. They were spiked with inorganic form of 203 Hg. Some tree branches with lichens
were exposed to the atmosphere (i.e. hung on tree). Two samples were kept in the laboratory
in the dark. After 52 days lichens were carefully separated from the bark, then crushed and
ground with the addition of liquid nitrogen.

Before separation of inorganic and methyl Hg we checked the activity of samples which were
kept outside on the tree and in the laboratory and results are presented on Figure 2.
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FIG 2 Activity of lichen samples exposed to the atmosphere relative to activity of samples kept in
laboratory.

Lichens which were kept outside contained less 203 Hg after 52 days than lichens which were
kept in the lab. Loss of 203 Hg could be due to washing with rain, reduction of Hg on sunlight
and evaporation.

For isolation and separation of Hg species in lichens, we adopted radiochernical technique of
Akagi et al. 3)
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Quantitative isolation of all Hg species from lichens is not easy. Results of our work are
shown in the Figure 3.
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FIG 3 Effectivness ofHg-leachingfrom lichens at different leaching conditions

Sample I was first shaken for half an hour at room temperature. Results show that the
extraction efficiency was very poor. On the other hand, sample 2 was leached for 0.5h at
elevated temperature and its extraction efficiency was relatively much better. Therefore,
leaching at elevated temperature was repeated for both samples for 1.5h, but total extraction
efficiency was still around 70%. This extraction efficiency should be also kept in mind when
interpreting the final results about the origin of MeHg in lichens.

After extraction of Hg species into 0 I% dithizone-toluene, extracts were cleaned-up (washing
the excess of dithizone) and dried by purging with nitrogen. Dried extracts were dissolved in
acetone and applied to thin-layer chromatographic strips. Mobile phase was the mixture of
hexane and toluene in mixing ratio 1: 1. After separation, TLC strips were cut in 4 smaller
strips according to sample application line, Hg 2+_line, MeHg+-Iine and solvent front.
Activities of all strips were measured on coaxial HPGe detector. Results are shown as follows

in Table 2.

TABLE 11: TRANSFORMATION OF 203 HG2+ INTO N�FMHG+ IN LICHENS HYPOGYAMLI

PHYSODES

Lichen % of methylated 2-Hg2+

Sample 1 0,54 ± 007

Sample 2 0,79 009

Results show that a small fraction of added 20IHg2+ is methylated in lichens. However, it must

be kept in mind that the percentage of 203Hg2+ that was transformed into Me 203 Hg+, as shown

in the Table 2 is reffered to extraction efficiency which was approximatelly 70%. Therefore,
2+

these data only indicate the potential of lichens for methylation of Hg
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Abstract

Increased awareness about the toxicity of mercury (Hg) has during the latest decades resulted in reduced
use of Hg in industrialised countries. Developing countries, on the contrary, have largely increased their
anthropogenic Hg emissions caused by its use in gold mining, transfer of Hg emitting factories from
developed countries, and increased burning of coal without appropriate flue gas cleaning Te
contribution of global Hg sources and the importance of other parameters to increased Hg levels
encountered in hydroelectric reservoirs and other areas afterflooding is not well understood, especially
not in the tropics. The aim of the present study is to increase the knowledge about Hg transformations in
tropical areas. Total Hg content in water, biota, and sediment will be determined by atomic absorption
and fluorescence spectrophotometty and methyl Hg content in biota by gaschromatography after
extraction with acids, hydroxides, and organic solvents. Mercury methylation capacity in sediments,
water, and selected biota will be determined with203Hg and subsequent radiological measurements of in-
situ icubations. Factors affecting the methylation and demethylation rates will be identified with
laboratory incubations with 203Hg at vatying environmental conditions such as organic matter, pH, redox
potential, conductivity, light, temperature, geochemical factors and populations of bacteria. The
populations of bacteria will be determined to quantity by isotope techniques. he first experiments
indicate markedly larger methylation capacity as well as bacterial production of incubated samples of
Eichhornia crassipes, originating from Brazil, compared to Myriophyllum spicatum from Sweden. The
results are thefirst step to better understand the importance of environmental parameters and acterial
productionfor methylation ofHg.

1. INTRODUCTION

1.1. Scope and aim

The toxicity and human ealth impacts of methyl Hg are well documented. The
transformations between metallic Hg and different organic Hg forms have been extensively
studied in temperate areas, but little is known about methylation and demethylation processes
under tropical conditions. The present, large anthropogenic Hg emissions in many tropical
countries from gold mining, chlor-alkali factories, coal combustion etc. may deteriorate the
health of future generations. An increasing global population and subsequent food demand
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cannot be at the risk to restrict the consumption of fish, due to eventually increased methyl Hg
content. Hence it is necessary to increase the knowledge about factors influencing the net
methylation of Hg in tropical as well as temperate environments. Such factors may be organic
acids, geochemical factors, and bacteria, in addition to temperature and redox potential [1 2,
3 4 5 6 7.

In the present project we aim to determine net methylation capacity of Hg, bacterial
production and geochemical parameters. Parameters possibly influencing MeHg-formation
during incubation will be studied by incubating parallel samples at different temperatures,
different periods (a few hours to four days), in different atmospheres (ordinary air versus
nitrogen atmosphere), different pH, conductivity, and light conditions. The influence of
micro-organisms and their carbon source on Hg methylation will also be studied.

1.2. Activities related to the CRP

The following activities related to the CRP have been performed since the First Research Co-
Ordination Meeting in Ljubljana, Slovenia, 29 November - 3 December 1999:

• April, 2000, submission of a research project entitled "Methylation and demethylation
of mercury in tropical freshwaters: studies of controlling factors using nuclear
techniques and satellite images", which included planning and presentation of
seminars in Brazil and Nicaragua during Feb. - April 2000. Unfortunately the project
was not approved by Dept. of Research Cooperation (SAREQ at the Swedish
International Development Agency. In addition, Nicaraguan authorities did not
approve to submit an application to IAEA A revised research plan was submitted to
SAREC in 2001, "Methylation and demethylation of mercury in tropical freshwaters:
studies of controlling factors using nuclear techniques".

• A 4-month guest research stage (Sep. 2000 - Jan. 2001) by Jane Mauro from the
Federal University of Rio de Janeiro, Brazil, at the Department of Limnology,
Uppsala University, through collaboration with the Institute of Applied Environmental
Research (ITM), Stockholm University, Sweden.

• A seminar entitled "Global mercury trade and some theories on reducing mercury in
fish rom lake Guri", presentated by Lars Hylander at the International forum "El
problema del mercurio en los embalses: el caso del Reservorio Guri" (The problem of
mercury in hydroelectrical reservoirs: the case of Lake Guri), May 17 - 19, 2001 in
Estado Bolivar, Venezuela [8].

1.3. Collaboration regarding mercury or nuclear-related methods apart from this CP

Lars Hylander is in co-operation with researchers from Royal Institute of Technology,
Stockholm, Sweden and Kanagawa Environmental Research Centre, Yokohama, Japan, and
National Institute of Environmental Sciences, Tsukuba, Japan, using ICP-mass spectrometry
and synchrotron radiation X-ray fluorescence (SR-XRF) for studies of isotopes of heavy
metals and phosphorus content in waste water and the uptake by plants or deposition on bark.
Markus Meili is assessing the 137CS content in sediment from the Baltic Sea and adjacent
freshwater systems in order to study the fate and mobility Of 137CS fallout after the Chernobyl
nuclearaccident. He has also been studying the bioavailability and turnover of radio-labelled
Hg, Se, and Cs and methyl-Hg formation in laboratory microcosms. In addition, he is
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involved in European efforts to determine critical atmospheric Hg pollution levels based on
Hg balances and predictions for different regions in Sweden.

2. METHODS

Bacterial production is estimated with 14CIeucine incorporation to plant sub samples in
scintillation vials, which are then incubated for thirty minutes. Incubations are interrupted
with formaldehyde, the samples are sonicated, washed with TCA and ethanol through filters,
which are then counted in a LKB Wallack Rackbeta 1217 scintillation counter 9].

The potential net Hg methylation capacity in sediments and selected biota is determined with
in-situ and laboratory incubations with 20'Hg [IO, 1 1 ]. Fresh samples of about one gram dry
weight in sample volumes of 30-50 mL 2 3 samples and one acidified control) are incubated
with 203H g2+ at concentration of 30-1000 ng total Hg g-I dry weight. Methylation is stopped
by addition of HCI and the samples are frozen until MeHg extraction by toluene containing
scintillation salts and measurement by liquid scintillation.

3. RESULTS AND DISCUSSION

Results from experiments on eventual correlation between potential net methylation with
bacterial production of incubated macrophytes indicated the importance of several factors.
Bacterial production obtained for Eichhornia crassipes roots, originating from Brazil, was
significantly higher than for Myriophyllum spicatum shoots from Sweden. Incubation time
had a significant effect on bacterial production, which for Eichhornia crassipes increased
linearly with time, while for Myriophyllum spicatum, bacterial production decreased during
the first 25 hours before increasing also there, but to a lower level. There was up to 23% net
formation of methylmercury for Eichhornia crassipes, while methylmercury production was
below the detection limit for Myriophyllum spicatum. The accumulated methylmercury
production observed for Eichhornia crassipes increased with the bacterial production yield,
indicating the importance of microbial processes for the mercury methylation 12].

4. PLANS FOR FUTURE WORK

4.1. Plans for 2002 - 2004

Field campaigns in South America are planned to start in 2002, given that fancial resources
are obtained. Sampling will start at the end of the dry season and be performed once to three
times monthly at the onset of the rainy season. This in order to carefully document the load of
suspended matter and periphyton, methylation capacity and microbial production when the
aquatic system is quite labile due to dust and nutrients washed into the water courses by the
rains and oxidising conditions from large quantities of oxygenated water. Sampling continues
for another month, but the sampling intensity is reduced when the microbial communities are
stabilised in lake and water courses at a high water flux. The transformation to dry season
conditions is less dramatic than to rainy season conditions, so a 12 weeks sampling campaign
is sufficient any time during the end of the rainy season or beginning of the dry season, to
complement the data received. The same sampling schedule will be performed in 2004.
Laboratory experiments with parameters similar to tropical climate conditions will be
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performed in Sweden mainly during 2003, when no field campaigns are planned and personal
and laboratory capacity in Sweden is not occupied by field campaigns.

4.2. Expected outcomes

The studies are expected to contribute with valuable information about factors important for
methylation and demethylation at different populations of micro-organisms. Bioindicators for
methylation might be identified. The importance of environmental factors such as methane
production and organic carbon in different forms will be clarified. The project is expected to
produce results which can be used when assessing methylation from flooded areas and when
assessing risks for public health due to methylation of Hg.
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Abstract

The dispersion and transformation of merciffy in the southwest Lake Victoria goldfields was investigated
through field and laboratory studies in order to evaluate the environmental ipact and human health
risks de to mercury pollution ftom small-scale gold mining in Tanzania. River sediment, gold-ore
tailings, fish, and lichens were analyzedfor their mercury content to determine mercury contamination
levels. Mercury concentrations in the tailings from Rwamagaza mine were in the range of 165 to 232
mg/kg while at the Mugusu mine the maximum concentration was 6 mglkg in the iver sediment
contaminated by the tailings The dispersion of mercwy along the Mabubi River downstream of the gold-
ore processing site at the Mugusu mine decreased rapidly to less than 05 mglkg at a distance of 4 k7n,
and less than 0.1 mg/kg at 9 km. Granulometrical analysis of mercury distribution indicated highest
mercury concentrations to be associated with the grain sizefraction <212 mm in the sediment.

Total mercury concentrations in eightfish species ftom the Lake Victoria at Nungwe Bay were generally
very low and variedftom 2 to 34,uglkg (w.w). The lowest concentrations werefound in Tilapia and the
highest in Nile perch. The percentage of methylinercury in thefish muscle rangedftom 65 to 9 7%. These
results suggest that mercury contamination ftom gold mining operations in the southwest Lake Victoria
goldfields has not led to any significant increase in environmental methylmercury levels that could be
reflected in high mercury concentrations in the fish. Based on these results, fish consumption ftom the
Nungwe Bay at-ea of the Lake Victoria does not pose any human health risks on account of very low
mercury levels in thefish atpresent.

Mercuty concentrations in two lichen species, Parmelia and Usnea, in the Geita Forest Reserve around
the Mugusu mine rangedftom 0.10 to 310 uglg (dw). The mercury concentration in the lichens
decreased away ftom the mine village, indicating the fall of mercury levels in the air away ftom the
source ofemission. The presence ofthe mercury gradient in the lichens around the mine, make the lichens
suitable as a bioindicator for the assessment of air mercury pollution ftom gold-ore processing
operations.

Results of the laboratory experiments on mercury adsorption by laterite and bauxite and mercuty
transformation and uptake by fish in an aquatic system contaminated by gold-ore tailings are also
discussed.

1. INTRODUCTION

This project deals with the study of the dispersion patterns and the environmental
transformation of mercury released from small-scale gold mining operations in the southwest
Lake Victoria goldfields in northwestern Tanzania (Fig. 1), and its impact on human health.
The project involves field studies and laboratory investigations. Laboratory studies are
conducted in collaboration with the scientists at National Institute for Minamata Disease
(NIMD) in Japan. One field study and two laboratory experiments have been completed since
the project started.
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The research activities accomplished include:

• Field study and collection of samples (sediment, tailings, lichens, fish) from the
southwest Lake Victoria goldfields.

• Mercury analysis in fish, sediment, tailings, and lichens collected from the study areas.
• One laboratory experiment on the transformation and uptake of mercury by fish in a

sediment-water system contaminated by metallic mercury from gold-ore tailings.
• Preliminary laboratory investigations of the mobility and adsorption of mercury in

laterite and bauxitic soils.
• Synthesis of the fieldwork and laboratory data and preparation of a manuscript for

publication of the research results from the lichen study.

X --il :,.-, PRE

W., 'A R , ,

AV. a
taxable,

M,

'ApM;
jC

K, 3 -;gk
:%

Y it
6 i n..
-, afti.

sin

A'Fe

"i., 441,

111A Y:'-.

A
RarmiIs

V
4

FIG 1: Map of Lake Victoria goldfields (black insert) and the study area
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2. METHODS

2.1. Collection of Samples

River sediment and/or gold ore tailings were collected from three gold mining areas namely,
Imweru, Rwarnagaza and Mugusu in the southwest Lake Victoria goldfields (Fig. 1). Lichens
were collected from the Geita Forest Reserve around the Mugusu mine, and from the
woodland around the Imweru mine. Fish sampling was carried out at the Nungwe Bay Port in
the southwestern part of Lake Victoria. The Nungwe Bay receives storm and river water from
several gold mining areas including the Mugusu mine. Elaborate field sampling procedures
and sample handling were followed to avoid mercury contamination during collection,
transportation and storage of the samples.

2.2. Mercury Analysis in Sediment, Tailings, Fish and Lichens

Gold-ore tailings and sediment samples were analyzed for total mercury at the University of
Dar es Salaam (UDSM) geochemical laboratory in Tanzania and at the National Institute for
Minamata Disease (NIMD) in Japan. Total mercury and inethylinercury analysis in fish and
lichens was accomplished at NIM[D, where highly sensitive analytical equipment was used for
the measurement of very low mercury concentrations <0.5 gg/kg) in the samples.

For total mercury analysis in sediment and soil at UDSM, 02-0.3 g of a dry sample are
weighed in a quartz glass tube and digested with 3 ml of concentrated HN03 at 160'C for 2
hours in an oven. After adding HN03 to the sample, the quartz tube is normally sealed
immediately with a Teflon cap and then loaded and closed tightly in steel digestion bomb.
The bomb is then placed in the pre-heated oven at 160T. After digestion, the bomb is
removed from the oven and allowed to cool to room temperature. The quartz tube is then
unloaded from the bomb and 7 ml of distilled, de-ionized, mercury free water added to the
digested sample. Internal reference standard materials and reagent blanks are prepared in the
same way as the samples. The measurement of mercury concentration in the sample solution
is carried out by cold vapour atomic absorption spectrometry (CVAAS) using the Perkin
Elmer AAS (Model 2380). The accuracy and precision of total mercury analyses were
ensured using an internal reference standard, analyzing sample blanks and duplicate samples,
and by carrying out inter-laboratory comparison of results between TDSM[ and NIMD.

The analytical procedures for total mercury and methylmercury at NM[D are well described
in several publications [1] 2 3 The accuracy and precision of the analytical methods at
NIM[D have been verified through inter-laboratory comparison exercises and by participating
in the analysis of standard reference materials produced by the International Atomic Energy
Agency (IAEA), such as IAEA-0140 4].

For total mercury analysis, 0.5 g of fish, 02 g of sediment or lichen sample were placed into a
50 ml Pyrex glass flask and then digested with Iml of Hg-free water, 2 ml of HN03-HC104
(1: 1), and ml of H2SO4 at 200 ± 5C for 30 minutes on a hotplate. After cooling, the sample
solution was made up to 50 ml with dionized Hg-ftee water. The mercury content in the fal
solution was determined by Cold Vapour Atomic Absorption Spectrometry using Sanso
Automatic Mercury Analyzer (HG-5000)

In the analysis of methylmercury in fish samples, 0.5 g of fish muscle were placed into 50 ml
conical Pyrex glass test tube, to which 10 ml of I N potassium hydroxide solution in ethanol
(KOH-Et) were added. The test tube was closed tightly with a screw cup containing Teflon
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lining, and then placed into ethylene glycol hot bath at I OOOC. The sample was digested in the
hot bath for 30 minutes and then allowed to cool to room temperature. After cooling, mercury
in the sample solution was extracted with ml 0. I% dithizone solution in toluene (Dz-Toul).
The Dz-Toul extract was washed twice with 3 ml N NaOH to remove excess dithizone and
obtain a clear solution of methylmercury dithizonate in toluene. After washing,
methylmercury was back-extracted into the aqueous phase using 5 ppm Na2S alkaline
solution. The aqueous solution was washed with 2 ml of toluene to remove organic impurities.
Thereafter, the aqueous solution was slightly acidified with 4 to drops of IN FICI and
bubbled with N2 gas (50 ml/min.) to purge excess sulfide ions as H2S gas. After bubbling,
2 ml of Walpole Buffer (pH 3 were added to the aqueous solution, before methylmercury
was re-extracted with 0.5 ml of 0.01% Dz-Toul. The Dz-Toul extract was washed with 3 ml
IN NaOH, and then acidified with 2 drops of N HCI. Methy1mercury concentration in the
acidified Dz-Toul extract was finally determined by ECD Gas Chromatography.

2.3. Investigation of Mercury uptake by Fish

An aquarium experiment to investigate the transformation of metallic mercury and the uptake
of mercury by fish was conducted in the Department of Geology at the University of Dar es
Salaam for eight weeks from October to December 2000. The purpose of the experiment was
to determine and evaluate the rate and levels of mercury accumulation in fish from tropical
water-sediment systems contaminated by metallic mercury from gold-ore tailings. The
tailings, sediment and water used for the experiment were collected from Rwamagaza and
Mugusu gold mining centers (Fig. 1). It was envisaged that the results of the experiment
would provide better understanding of the environmental conditions in which metallic
mercury pollution poses greater health risk to local communities through enhanced
geochemical and biochemical transformation and accumulation in fish and other aquatic
organisms consumed in those communities. Fish samples collected from the experiment were
kept frozen and finally air freighted to Japan for mercury analysis at the National Institute for
Nfinamata Disease (NINID). Analytical facilities at NINID offered better detection limits for
mercury than those achieved in the geochemical laboratory at the University of Dar es Salaam
(UDSM). Also methylmercury analysis could not be done at UDSM. The research
collaboration with NINID offered good opportunity for accomplishing research tasks that
could not be done in Tanzania.

2.3. 1. Experimental Setup

Four glass aquariums 60 x 45 x 30 cm) were used for the experiment. River sediment and
gold-ore tailings contaminated with metallic mercury from gold ore processing operations at
the Mugusu and Rwamagaza mines were sieved <2 mm), weighed and then placed into three
aquariums labeled AQ1, AQ2, and AQ3. Aquariums AQI and AQ2 consisted the same type
of sediment from Mabubi river, at the Mugusu mine. Aquarium AQ3 contained marsh soil-
sediment from a seasonal stream channel north of the Rwamagaza mine. Water from the same
localities was added to each aquarium. The sediment/tailings were allowed to settle and
equilibrate with the water for two weeks. The fourth aquarium was kept as a sediment-free
control (AQC). The aquariums were rapped with an opaque paper to permit light only from
the top of the aquarium. After settling, 10 small tropical gold fish were introduced into each
aquarium. A nylon fiber screen was placed above the sediment in each aquarium before the
fish were introduced, in order to avoid the stirring of the sediment by the fish. The water in
the aquariums was kept oxygenated by bubbling air through the water using air pumps.
Freshwater weed was added into AQC and AQ2 also to oxygenate the water. The fish were
fed once per day during the experiment. Two to three fish samples were collected from each
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arwariurn at the end of the 2 d, 4th and 6th weeks for aquariums AQ1, AQ2 and AQ3, and the
8 eek for aquarium AQ2. Fish samples from the control aquarium (AQQ were collected
during the I" week and the 6th week of the experiment. All fish samples were kept frozen until
the time of analysis.

During the course of the experiment, freshwater snails, which came accidentally in the weed,
flourished in the aquarium AQ2. Since the snails were feeding largely on the weed, the weed
in the aquarium AQ2 was finally wiped out by the end of the 3d week of the experiment. The
rate of regeneration of the weed in the aquarium was basically outweighed by the
consumption rate by the snails and probably the fish. A composite sample of the snails was
collected for mercury analysis at the end the 8h week of the experiment. Table I below shows
the summary of the experimental conditions.

TABLE 1: WATER- SEDIMENT INCUBATION SETUP

+

Ca 00.) 00 00 =0CZ 0 0 0Z _ !�
Z Q E

AQ1 3.84 6 10% 17.28 4.5 28+0.50C 7.8 82 570
AQ2 3.88 6 10% 17.46 4.5 28+0.50C 7.7 82 500
AQ3 2.07 0.08 >10% 13.46 6.5 28+0.50C 7.3 72 104
*Since the fish were introduced into the aquarium.

2.4. Investigation of Mercury Adsorption in Bauxite and Laterite

A preliminary experiment to evaluate the adsorption of mercury from gold ore tailings by
laterite soils was also conducted during the year under review. The objective of the
experiment was to determine whether there were any significant differences in mercury
adsorption capacity between iron-rich and aluminium-rich soils and the implication of the
adsorption in the mobility of mercury in contaminated areas. Studies in the Amazon region
have shown that soils of contrasting composition have different affinities for mercury [5] In
Tanzania, different soil types reflecting bedrock geology and geomorphological position
underlie various terrains in the goldfields impacted by mercury contamination. The mobility
of mercury in such areas would probably vary depending on the soil characteristics. Among

the different soil types, laterite soils (i.e. Fe- or Al-rich) are considered more effective in
mercury absorption due to the presence of suitable adsorption sites on Fe-Al oxyhydroxides.
It is, however, not known which type of laterite has higher adsorptive properties for mercury
and hence more effective in reducing mercury mobility and cycling in contaminated areas.
The present experiment attempted to elucidate the adsorption capacity of the two types of
laterite for mercury from mine tailings via a water interface.

2.4. 1. Experimental Setup

Gold-ore tailings contaminated with metallic mercury from gold mining operations at
Rwamagaza mine were used for the experiment. The tailings, containing mercury
concentration of 165-170 mg/kg, were introduced into a glass aquarium and 14.25 liters of
fresh water from the same locality were added. The tailings and water were allowed to settle
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and equilibrate for 21 days. After equilibration, about 25 g of iron-rich laterite soil of
different of grain sizes <2-0.2, <0.2-0.063, <0.063 nun) were weighed separately onto
porcelain dishes (experiment cells) and then suspended in water in the aquarium. The dishes
were suspended such that they were about 10 cm above the tailings-water interface. Two
dishes each containing 25 g of powered bauxite ore <0.063 mm) were also suspended in the
water. The experimental cells were allowed to equilibrate with the water for 14 days, before
the cells were retrieved from the water and dried in the oven at 400C. Dry laterite and bauxite
from the cells was then analyzed for total mercury. Untreated laterite and bauxite were also
analyzed for mercury to determine their initial mercury content. The mercury analysis was
carried out at the University of Dar es Salaam in Tanzania and the National Institute for
Minamata Diseases in Japan. The results for the experiment are discussed in Section 33.0 of
the report.

3. RESULTS AND DISCUSSION

3.1. Mercury Distribution in Mugusu River Sediments

A summary of granulometrical analysis of mercury distribution in Mugusu (Mabubi) river
sediments is given in Figures 2 and 3 Highest mercury concentrations were associated with
the grain size fraction 212 [tm. The coarse sediment fraction >300 �Irn) had the lowest
concentrations. Mercury concentrations in the fine-grained sediment 212 4m) decreased
from 5228 ng/g within one kilometre from the gold-ore processing site to as low as 415 ng/g
about 4 km downstream. The mercury concentrations decreased almost to background levels
(<I 00 ng/g) about 9 km downstream, close to the Nungwe Bay of the Lake Victoria.
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Mercury Distribution in Mugusu River
Sediment R337A)

0 �-,3M urn PM ppk3)

N <NO-212 {393 ppb)

0 c212 um 2465 ppb)

Distribution of Mercury in Mugusu
River Sediment (RS37B)

El >3M 14M 1 313 ppb)

E -300-212 (22W

0 <212 urn (52M p9b)

Mercury Distribution in Mugusu Rver
Sedinwnt (RS38B)

13 �--aw Um (7a2 ppb)
E43DO-212150ppb)

El C212 Um (193 p�)

FIG2: Mercury distribution indifferent grainsizeftactions of river sediments downstream (-2.5 km)
ofgoldprocessing site
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These data suggested that mercury transport along the Mugusu River drainage channel from
the gold-ore processing site is generally very low, especially during the dry season when he
river flow is lowest. Samples collected in the middle of the riverbed or drainage channel
generally had lower mercury concentrations those from the edge of the riverbed at the same
sampling location.

Mercury Distribution in Mugusu
River Sediment (RS39A)

=3�2WUM(117ppb)

.4<00.212 (29 ppb)
U-212 trn 4tb ppb)

Mercury Distribution in Stream
Sediment ING33) near Mungwe Say

0 >3M uni (I 3 ppb)
N<3UU-ZI2(12ppb)
0 <12 um 54 ppb)

FIG 3 Distribution of mercury in different grainsizefractions ofsediments about 4 km downstream of
gold processing site (RS39), and 9 km further downstream NG33) just before Lake Victoria Nungwe

Bay

3.2. Mercury Levels in Lichens

Mercury concentrations in two lichen species, Parmelia sp. and Usnea sp., around the
Mugusu gold mine in the Geita Forest Reserve ranged from 0 I 0 to 3 1 0 �tg/g (Table 2 The

highest mercury concentration was recorded in the Parmelia lichen (LC-3) collected ftom a

tree near the gold-ore processing site in the mine village. Mercury levels in the Parmelia

decreased from 3 g/g in the mine village to 04 gg/g about 3 km northwest of the mine. A

more rapid decrease of the mercury levels in the lichens was recorded in the eastward

direction from the mine. Lichens collected about 1.5 km SE of the mine village had mercury

concentration of 02 �tg/g, while in a composite sample collected 6 km NE of the mine, the

concentration was 0 I gg/g. The latter sample was collected to determine mercury background
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levels in the Parmelia. The mercury gradients in the lichens west and cast of the mine were
consistent with the westerly prevailing wind direction.

TABLE II: THg ANALYSES FOR LICHENS FROM IMVVERU AND MUGUSU MINE AREAS

Sample Locality/ Distance* Lichen THg
No. Mine (km) Type Glg/g)

LC-IB Imweru 1.8 NE I 0.13
LC-2A lmweru 1.6 I 0.08
LC-2B Imweru 1.6 II 0.44
LC-3 Mugusu 0 1 3.10
LC-4A Mugusu 1.5 SE 1 0.21
LC-4B Mugusu 1.5 SE II 0.16
LC-5 Mugusu 1 NW 1 1.09
LC-6 Mugusu 2 NW 1 0.47
LC-7A Mugusu 2 NW 1 0.54
LC-8 Mugusu 3 NW 1 0.42
LC-9 Mugusu 6 NE I 0.10

Lichen Type 1: Parmelia sp; Type II: Usnea sp.

*Sampling distance from the mine village

Lichens are considered useful bio-indicators of air quality since they obtain most of their
nutrients directly from the atmosphere; they are good metal accumulators and usually have
wide geographical distribution 6 7 Trace metal contents in lichens have been used
worldwide in the assessment and evaluation of air quality 8], 9], 10], especially in areas
affected by air pollution from industrial or volcanic gaseous emissions. Bionionitoring studies

have demonstrated that the metal concentrations in lichens reflect to the large extent
atmospheric trace element levels and/or deposition [I I]. A successful bionionitoring program
is feasible when contaminant burden is readily distinguished from background levels in the
lichens being investigated.

The results from the study indicate that the Parmelia lichen could be used successfully in the
biomonitoring of air pollution by mercury in the Lake Victoria goldfields. The biornonitoring
would help to identify areas and villages that are impacted by airborne mercury pollution

apart from the mining centers. The present results indicate that villages at a distance of 3 km
from the gold mine in the windward direction experienced elevated air mercury
concentrations that are 4 times higher than the local background level. It is important to
extend the bionionitoring further away from the Mugusu mine in order to determine the
locations where mercury gradient falls to background levels in the westerly direction. It is also
necessary to extend similar biornonitoring to other mining areas so as to determine areas and
villages that are affected by airborne mercury pollution. Impacted areas would need short- and

long-term air pollution management and mitigation measures to offset potential human health
risk from airborne mercury exposure.
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3.3. Mercury Levels in Fish from Nungwe Bay

Table 3 shows the results for total mercury and nionomethylmercury analysis in fish samples
from the Nungwe Bay. Mercury levels in fish species ranged from 2 to 34 ng/g. The
percentage of methylinercury in the fish was in the order of 65 to 97%. The lowest mercury
concentrations were found in Tilapia, which is an herbivore, and the highest in Nile perch,
which is a piscivore. These fish mercury levels are among the lowest to be reported in fresh
water fish. Since fish tend to accumulate monomethylmercury than inorganic mercury, these
results indicate that methylmercury levels in the Lake Victoria environment are still extremely
low. The results also suggest that the discharge of metallic mercury from gold mining
activities in the southwest Lake Victoria goldfields (Geita District) has not led to any
significant increase in environmental methylmercury levels that could be reflected in high fish
mercury levels.

The mercury levels in the Nungwe Bay fish from the present study are similar to those found
in the previous mercury monitoring study by 12]. They are also within the range of mercury
concentrations reported by Kahatano et al. [ 3 in the fish collected from Mwanza and Smith
Sound areas of the Lake Victoria.

The dynamics of metallic mercury transformation and cycling in the Lake Victoria goldfields
remain poorly understood. The present results, however, suggest that methylinercury
production and bioaccumulation in the Lake Victoria environment is probably still low.

TABLE III: TOTAL MERCURY (THg) AND METHYLMERCURY (MeHg) ANALYSES FOR
LAKE VICTORIA FISH FROM NUNGWE BAY.

Sp. No. Fish Fish Body Length THg MeHg MeHg
Name Wt () (cm) ng/g ng/g %

FS I Tilapia 925 3 6 3.9 3.3 84.61
FS-2 Tilapia 525 29.5 2.4 2.2 91.67
FS-3 Nile Perch 950 44 34.1 32 93.84
FS-4 Nile Perch 350 33 11.8 11.5 97.46
FS-5A:C Kamongo 6750 119 30.5 27.6 90.49
FS-5B:T Kamongo 6750 119 29.3 22.7 77.47
FS-6 Munii 1250 56 12.9 11.9 92.25
FS-7 Kambale 114 24 8.3 7.8 93.98
FS-8 Kambale 57 19.5 7.0 6.8 97.14
FS-9 Shilonge 43 30 3.0 2.4 80.00
FS-10 Fulu 57 1 5 5.1 4.4 86.27
FS-11 Fulu 28 12.5 4.3 3.5 81.40
FS 12 Fulu 20 1 0 3.5 2.7 77.14
FS-13 Salari 28 11.5 25.9 16.7 64.48
FS-14 Salari 23 10.5 7.3 5.3 72.60
FS-15 Salari 4 1 0 14.3 13.4 93.71
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3.4. Adsorption of Mercury in Laterite and Bauxite

The results of mercury adsorption experiment are given in Table 4 For Fe-rich laterite soil,
mercury adsorption factors (expressed as a ratio of total mercury concentration in the sample
after [A] and before [13] the experiment) were in the order of 8.5 to 95. There were no marked
differences in the adsorption of mercury in the Fe-laterite soil with grain size <0.063 mm and
<0.2 to 0063 mm; the clay-silt and fine sand fractions. The adsorption was somewhat low in
the medium- to coarse-grained laterite <2 - 02 mm).

TABLE IV: MERCURY ADSORPTION FACTORS FOR Fe-LATERITE AND Al-BAUXITE

Exp. Cell Material Material Grain Size Av. THg* Av. THg* Hg Sorption
No. Type W-t-Jg) --- (mm) Before: After: A Factor: A/B

RZ51 Bauxite 2.500 <0.063 804 924 1.1
RZ52 Qtz sand 2.500 <0.2- ND 75 ND

0.063
RZ53 Bauxite 2.500 <0.063 804 969 1.2
RZ54 Fe-laterite 2.502 <2-0.200 16 138 8.6
RZ55 Fe-laterite 2.502 <0.2- 6 150 9.4

0.063
RZ56 Fe-laterite 2.501 <0.063 16 150 9.4
RZ57 Fe-laterite 2.500 <0.063 6 147 9.2

*Total mercury (ng/g); ND: Not Determined

Fine-grained bauxite material <0.063 mm) used for the experiment was obtained by crushing
bauxite ore. The ore turned out to have elevated mercury concentration >860 ng/g) either due
to contamination during pulverization or because of original high mercury background. The
adsorption of mercury in the clay-silt size fraction <0.063 mm) of the powdered bauxite ore
was not clearly discernable because of the initial high mercury concentration. The adsorption
factors for two samples of bauxite were 1. 1 and 12, indicating very little sorption of mercury
in the experiment cell. The adsorption sites for mercury in the bauxite were probably already
saturated with mercury. It will be important to repeat the experiment using bauxitic laterite
with low background mercury concentration, in order to clarify the effect of Al-rich soils in
the mobility of mercury in tropical environments.
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TABLE V: TOTAL ERCURY (THg) AND THYLMERCURY (MeHg) CONCENTRATIONS
IN THE FISH FROM THE AQUARIUM EXPERIMENT

'M
Aquarium
No. eye

"R
AQC N =3

W 1.82

THg 30.0
all,

AQ1 N = 2 N = 3
W = 254 W = 232

THg = 37.5 THg = 36.1
MeHg = 41.3 MeHg = 36.7
(n7-i) 82.93%) (ir--2) 89.09%)

AQ2 N = 2 N = 3
W = 482 W = 209

THg = 68.4 THg = 45.0
MeHg = 57.6 MeHg = 50.2
(84.21%) (n=2) 102.87%)

AQ3 N = I N = 3

W = 416 W = 252
THg = 65.4 Mg = 32.6
MeHg = 54.1 MeHg = 23.6
(82.71%) (n=2) 91.47

AQ2/Snail*

AQC: Control aquarium; N number of fish samples; W: Fish average weight (g);
THg: Weighted average total mercury concentration (ng/g); MeHg: Methylmercury (%); n:
number of MeHg analyses if different from N.
* Composite sample of freshwater snail from aquarium 2.

3.5. Results for Aquarium Fish Experiment

The results for the fish experiment are summarized in Table 5. In the control aquarium,

average mercury levels in the fish decreased almost by 45% from 54 ng/g to 30 ng/g during
the 6 weeks of the experiment. This suggested that the fish food did not contribute to any
increase in the fish mercury levels. It is worthwhile to note that while the mercury
concentration decreased by almost 45%, the average fish weight increased only by 15%. If the
decline of mercury level in the fish is attributed to mass dilution as a result of the fish growth,
then it seems that the decline rate was nearly 3 times higher than the gain in fish body weight.
The reason for this decrease in the fish mercury concentration is not understood.

The average fish mercury levels in the aquarium I declined during the first two weeks of the
experiment in comparison with the control. The decline was, however, reversed between the
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3d and 4h weeks, when the fish mercury levels increased to 67 ng/g (w.w.). In the aquariums
2 and 3 mercury concentration increased progressively in the fish during the first four weeks
of the experiment, reaching the level of about 90 ng/g and 84 ng/g, respectively, at the end of
the 4h week.

Between the 5 th and 6h weeks, mercury levels in the fish declined in all the aquariums,
reaching similar levels as the control at the end of the 6t" week. In the aquarium 2 where the
experiment continued to the 8th week, the mercury levels in the fish increased again between
the 7th and 8th week, attaining same levels as those in the 4th week 90 ng/g).

Mercury patterns in the aquarium fish described above are quite abnormal in comparison with
the patterns reported from previous fish experiments 14], [15]. In the previous experiments,
mercury concentrations commonly showed a progressive increase in the fish at least during
the first three weeks of the experiment, following the contamination of the aquarium
sediments with mercury. The obvious fundamental difference between the present and
previous experiments lies in the form of mercury contamination in the aquarium sediment.
Whereas in this experiment the sediments were contaminated by metallic mercury in the other
experiments mercury chloride was the contaminant. In contrast to the mercury chloride, the
transformation of metallic mercury to methylmercury is probably slow since it requires the
oxidation step before the mercury is available for methylation and accumulation in fish and
other aquatic organisms. The oxidation of elemental mercury is probably the rate-limiting step
for the methylation and bioaccumulation of mercury in aquatic systems contaminated by
mercury-bearing gold-ore tailings.

While the results presented here are subject to reconfirmation by further studies, they point to
unusual mercury uptake and release behavior by the tropical fish in a model of an aquatic
system contaminated by metallic mercury.

4. RESEARCH PROGRESS AND PLANS

4.1. Progress

Research activities are progressing well and yielding useful results. One field study and two
laboratory experiments have been completed. One manuscript of the results from the lichen
study has been submitted for publication in the Bulletin of Enviromnental Contamination and
Toxicology journal.

4.2. Plans

We are planning to carry out the following activities:

• To conduct further laboratory studies on the oxidation and methylation of mercury in
tailings in order to evaluate the environmental factors that are important for mercury
cycling in areas impacted by metallic mercury pollution from gold mining operations.
The studies will be done in collaboration with scientists at the National Institute for
Minamata. Diseases NIN4D, Japan);

• To determine the mineralogical and chemical characteristics of iron-laterite and
bauxitic laterite and bauxite in relation with Hg mobility and adsorption in tropical
soils using XRD/XRF techniques;
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• To carry out a follow up field work study in selected areas of the Lake Victoria
goldfields for testing and validating results obtained from the laboratory experiments;
and

• To prepare a final technical report for the project and process the research results for
publication.
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Abstract

In the reservoir Guri located at the south of Venezuela in Bolivar State has occurred the bioaccumulation
process. Several studies have demonstrated it. In samples of 42 specimens of carnivorous trophic level,
the average value of total mercury was 1. 90 mg1g with a mximum of 604 mg1g. As first job it was
necessary to identify and classify the inftastructures of each town according to their use due to the lack of
updated demographic information. In this investigation is described the home characteristics with
relation to its residence conditions and work status ofhome bosses through the design and application of
a srvey by home in two communities nearby reservoir Guri: "La Paragua " and "El Manteco ". It was
also designed and applied a simple questionnaire where was asked to home bosses the weeklyfrequency
of consumption offish, especially those of carnivorous habits as well as the quantity in grams consumed
per week. Homes were better structured at "La Paragua " than at "El Manteco " but in the latest the
monthly income by home was bigger nevertheless, it does not meet the requirements of the basic basket in
Venezuela of US 323 for afourpeoplejamily. The overall consume offish per week was twice higher at
"El Manteco " 1,485 kg) than at "La Paragua " 678 kg). The fish specie consumed as first priority at
"La Paragua" was Prochilodus rubrotaeniatus ("Coporo') which is of detritivorous alimentary habits
while the second more consumed was Cichla ocellaris (Pavon') of carnivorous alimentary habits. On
the opposite side, at "El Manteco " the first priority offish was Cichla ocellaris (Pavon') while the
second one was for Prochilodus rubrotaeniatus ("Coporo'). Next step will be the organic mercury
analysis in hair samples and the nutritional profile in individuals ftom the selected homes: 36 at "La
Paragua " and 50 at "El Manteco towns.

1. INTRODUCTION

The reservoir Guri located at the south of Venezuela in Bolivar State arose from damming the
Caroni river and its main tributary, the Paragua river. It was built between the years 1963 and
1986 by the company "Electrificaci6n del Caroni C.A". ("EDELCA"), which is a
governmental hydroelectric company, branch of the "Corporaci6n Venezolana de Guayana"
("CVG"). The first flood occurred in 1968, covering an area of 800 K�. In 1986 the dam
flooded an additional surface of 3119 K2. The reservoir has a total surface of 3919 Km2 a
useful volume of 84,720.4 x 106 M3 with an altitude of 271 m.a.s.1. for a power generation of
9,957 MW [1].

The reservoir Guri, the same as some reservoirs from other countries has shown what has
been called "dam effect", term used to designate the occurrence of bioaccumulation process in
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reservoirs due to the high mercury levels found mainly in piscivorous fish species which are
the most preferred by fish consumers. Several studies have demonstrated the presence of this
phenomenon at reservoir Guri. In samples of 42 specimens of carnivorous trophic level, te
average value of total mercury in dorsal muscle was 190 �tg/g with a maximum of 604 [tg/g
[2].

The information that we will get related to the neurological disorders, which may be found in
the nearby population of reservoir Guri due to chronic mercury exposure present in fish would
be of great relevance because it constitutes a sensitive point at regional level.

We are presenting here the results of some socioeconomic characteristics of two of the main
populated centers in the nearby of reservoir Guri and the alimentary habits of fish
consumption at "La Paragua" and "El Manteco" towns. The choice of these two places was
not by chance. "La Paragua" is located close to the Paragua river just below the mouth of the
reservoir and people usually consumes river fish, for the opposite "El Manteco" is located
close to the reservoir, toward its northeast side, and people from this location usually consume
fish coming from the reservoir itself. This situation will permit to make a very interesting
comparisons related to mercury levels in both populations.

After the present project started we promote several meeting in order to design an
intercalibration program among different laboratories for metal analysis. Actually, these labs
are filling in a simple questionnaire to harmonize the program. This activity has had the
acceptance of the Pan-American Sanitary Office, Regional Office of the World Health
Organization in Venezuela.

2. METHODS

2.1. Sample size

In view of the fact of not having updated demographic information of the populations nearby
reservoir Guri, it was necessary to identify and classify the infrastructures of each town
according to their usefulness by using a map of scale 1: 1 0,000.

2.2. Socioecomic study

The investigation began by the determination of home characteristics with relation to its
residence conditions and work status of home bosses through the design and application of a
survey by home, and sampling two communities nearby reservoir Guri: "La Paragua" and "El
Manteco". From the demographic point of view, these two populated centers are the most
important at the nearby of reservoir Guri. The main populated centers around the reservoir
Guri are shown in figure 1, there can also be seen the sectors how "EDELCA" has divided the
whole area of the reservoir: "GURI", "EL NIANTECO", "LA PARAGUA" and "EL
PLOMO".

In the context of this research it is understood for home that formed by a person or group of
two or more people, with or without family bounds that cohabit in oneself housing and share
the same services, staying an economic dependence exclusively through a common expense to
eat 3].
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2.3. Fish consumption

It was designed and applied a simple questionnaire where it was asked to the home bosses the
weekly frequency of consumption of fish, especially those of carnivorous habits coming from
the reservoir Guri or from the rivers Paragua", "Caroni", "Chiwao" and "Aza", as well as the
quantity in grams consumed per week.

A database was elaborated to manage all the information gathered during the field work. It
was selected those homes where its members usually eat at least 500 grams weekly, do not eat
fish coming from the sea, and have at least one year of permanency in each place. To reduce
dispersion will be considered four groups of age between 15 and 55 years. The body mass
index will be also taking into account.

In the next field work will be determined in those chosen individuals, the organic mercury
levels in hair and the nutritional profile. Finally, these persons will be explored from the
medical point of view to identify signs and simptonis of neurotoxicity. The exposed group
will be compared to a non exposed group for establishing differences.

3. RESULTS AND DISCUSSION

The survey allowed us to establish the housing conditions and home characteristics, and to
know the socio-demographic information and the fish consuming homes at "La Paragua" and
"El Manteco" A total of 678 houses were identified at "La Paragua", on the average we
found people by house for a projection toward the total population of 3390 inhabitants.
Following the same procedure, the total population at "El Manteco" was around 5230
inhabitants based on 1046 houses with an average of people in each.

From the binomial variable associated to the study we are dealing with, the sample size was
determined in both "La Paragua" and "El Manteco" towns with a significance level of 0.05.

151



460 520

GI

PELE EL OJ

%.

U LECtt

>

E L M
640-

E
GUAR�PO

CIUD .01
PIA L

EL
iEL 111��ERO MANTECO

EL
R

L AL it R A E L 0 
NUEV
FORT

790.

LAS

.IE11ES

LA
PARAGUA EL

PLOMO
PE UQU

TEPUI
q-

FIGURE No 1. RESERVOIR GURI: SECTORS, TOWNS, VILLAGES AND
INDIGENOUS COMMUNITIES

LEGEND:
0 TOWNS AND VILLAGES

,& INDIGENOUS COMMUNITIES

C.V.G - EDELCA"

`IW DEPARTMENT OF BASIC STUDIES

FIG 1: Reservoir Guri: sectors, towns, villages and indigenous communities

A total of 252 and 290 houses were selected at "La Paragua" and "El Manteco", respectively.
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3.1. "La Paraguall town

3.1.1. Home characteristics

The homes are well structured: 73.6 are directed by a couple in marital life. From this
percentage 68.6 of the couples live as concubines and 31.3 under marriage. The
remaining percentage is represented by home bosses that do not have couple, here are
included widows, singles and divorced.

Most of the time the home leader is a man 79.1 %) while in the remaining, this position is
occupied by a woman alone.

The heaping index of dwelling houses is inhabitants by house, and families have on the
average 4 children.

3.1.2. Socioeconomic situation

The monthly income by home, including wages or profits coming from the work of other
family members, is about US 279. This income is not enough comparing to the basic basket
cost in Venezuela, which is approximately US 323 for a family of four people. It indicates
that the income for the average family at "La Paragua" should be US 404 approximately; in
consequence it represents a deficit of 31 %, approximately. This situation is compensated
performing subsistence activities such as fishing and harvesting.

3.1.3. Mainjobs and the occupation index

The sector of more occupation is that of services. Approximately 37.36 of the home bosses
are in this sector. The main employment is represented by the commerce of any item. The
government's officials, farmers, and small gold and diamond miners have equal proportion:
8%.

The occupation index is low 74.72 %), while the unemployed index is 25.27 %. The later is
bigger than the average of both Bolivar State and Venezuela (1 5 %, approximately) 3

3.1.4. Educational level offamily's bosses

The 40.65 of family's bosses do not have any educational level (including illiterate and
functional illiterate), 45.16 with basic level (high school) and 549 with university
studies.

3.1.5. Fish consumption

We identify 36 homes where people eat fish in amounts equal or bigger than 500 g per week.
From these 36 homes we choose the individuals that fullfiled with the others inclusion criteria
already mentioned.

On the average, the fish consumption by home is 1.055 kg per week and the overall fish
consumption at "La Paragua" was 715 kg per week. Nevertheless, we have to consider that
fish are available depending on the season of the year.
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The three fish species more consumed by week are: Prochilodus rubrotaeniatus ("Coporo")
(19.42 kg/w); Cichla ocellaris ("Pavon") 879 kg/w); y Plagioscion squamosissimus
("Curvinata") 210 kg/w) (Figure N 2 P. rubrotaeniatus is of detritivorous habits, its
reproduction time is ftorn the middle of april through june and the best fish caught starts in
September and finishes in november, in this lapse begins to go down the water level; C.
ocelleais is of carnivorous habits, its reproduction time is all the year but the best fish caught
is at the end of the rainy season (November); and P. squamosisimus is of carnivorous habits
and the best fish caught is between July and September which is in accord with the period of
high waters. In addition, Hoplias macrophtalmus (Aimara) carnivorous specie was consumed
in an amount of 1.88 kg per week.

Figure N 2 WEEKLY CONSUME OF FISH AT "LA PARAGUA" TOWN.
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FISH SCIENTIFIC NAMES
Coporo: Prochflodus rubrolaenialus
Pavon: Cichla ocellaris
Curvinata: Plagioscion squamosissimus
Aimara: Hophas macrophialmus
Bagre: Angeneiosus brevifilis
Morocoto: Piarachis brachipommun

FIG 2 Weekly consume offish at "La Paragua " town

3.2. "El Manteco" town

3.2. 1. Home Characteristics

A man in 62.98 of the cases, which acts as family boss, addresses homes. However, a
woman is in charge of the family at some homes although she lives in couple 37.02 %). From
this situation we can say that a couple resides in 86.25 of the homes, which are addressed,
but it does not matter who is the leader. From total couples 24,04 is married and 75.96 
lives as concubines
The heaping index of dwelling houses is inhabitants for house, and families have on average
3 children.

3.2.2. Socioeconomic situation

The monthly income by home, including wages or profits coming from the work of other
family members is about US 31 1. Inasmuch as this income is close to the basic basket cost
in Venezuela (US 323), it is not enough for a five-people family (US 404), however, there
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is a deficit of 23 %. The same as "La Paragua" town, this situation is compensated performing
subsistence activities such as fishing and harvesting.

3.2.3. Mainjobs and the occupation index

The sectors of more occupation are those of commerce and services. Approximately 29 of
the home bosses are in these sectors. The others home bosses' work sources are the following:
11.83 mining, 8.01 % government's officials, 687 manufactures and 496 cattle
rising.

The occupation index is low 70.99 %), while the unemployed index is 29.01 %. The later is
bigger than the average of both Bolivar State and Venezuela (I %, approximately) 3].

3.2.4. Educational level offamily's bosses

The 28.62 of family's bosses do not have any education level (including illiterate and
functional illiterate), 66.41 with basic level (high school) and 496 with university
studies

3.2.5. Fish consumption

We identify 50 homes where people eat fish in amounts equal or bigger than 500 grams per
week. From these 50 homes we choose the individuals that fulfilled with the others inclusion
criteria already mentioned.

On the average, the fish consumption by home is 142 kg per week with an overall fish
consumption per week of 1485 kilograms.

The three species of fish more consumed by week are: Cichla ocellaris ("Pavon")
(43.64 kg/w), Prochilodus rubrotaeniatus ("Coporo") 13.96 kg/w) y Plagioscion

squamosissimus ("Curvinata") 8.16 kg/w) (Figure N 3 The same as "La Paragua", the
reproduction time and the best fish caught also apply to "El Manteco".
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FigureN13. WEEKLY CO NSU ME OFF IS HAT "EL MAN T EC O" TOWN.
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FIG 3 Weekly consume offish at "El Manteco town

4. CONCLUSIONS

A total of 678 houses were identified at "La Paragua". There are on the average people by

house so the projection toward the total population would be around 3390 inhabitants.

Following the same procedure, the total population at "El Manteco" was around 5230

inhabitants based on 1046 houses with an average of people in each.

Homes were better structured at "La Paragua" than at "El Manteco".

At "El Manteco", the monthly income by home was bigger than at "La Paragua", but in both

cases were not meeting the requirements for a five-people family (US 404).

The sector of more occupation in both "La Paragua" and "El Manteco" was that of services

and the unemployed index was higher than the average, which locally and nationally is about

15 percent.

The fish consuming per week was twice higher at "El Manteco" 1485 kg) than at "La

Paragua" 715 kg), it may keep relation to the bigger population in the former.

The fish specie consumed as first priority at "La Paragua" was Prochilodus rubrotaeniatus

("Coporo"), which is of detritivorous alimentary habits while the second more consumed was

Cichla ocellaris ("Pavon") of carnivorous alimentary habits.
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At "El Manteco" the first priority of fish was Cichla ocellaris ("Pavon") while the second one
was for Prochilodus rubrotaeniatus ("Coporo").

There were selected 36 omes at "La Paragua" and 50 at "El Manteco" towns from which will
be chosen the individuals for performing organic mercury in hair samples and the nutritional
profile study.

5. PLANS FOR FUTURE WORK

First of all we have to continuous the previous work plan: determination of mercury fluxes
downstream from reservoir Guri by monitoring mercury levels in fish and in the water
column; mercury biotransformation and bioaccumulation studies using radioactive tracers;
and mercury exposure studies of the nearby population using biological indicators and
medical examinations.

It is necessary to continue the survey of the nearby population at reservoir Guri to identify
those fish consumers in order to complete one of the project objectives. As could be seen this
activity has been hard because of the lack of information related to demography.

it is necessary to determine the mercury levels in fish at the "Paragua" river and its tributaries
"Aza" and "Chiwao", close to "La Paragua" town, inasmuch as the population consumes fish
from these rivers and there is not information related to this issue at all.

We learned that the social issue is quite important in this type of research so we will consider
it in the future. At the present time it becomes of vital interest in view of the fact that we do
not have any available information related to demography at the reservoir Guri vicinity and
the 2001 census is just starting.
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APPENDIX 1 AGENDA OF TE MEETING

SECOND RESEARCH CO-ORDINA TION MEETING (RCH) FOR THE
CO-ORDINA TED RESEARCH PROJECT (CRP) ON HEAL TH IMPA CIS

OF MERCUR Y CYCLING IN CONTAMINA TED ENVIRONMENTS
STUDIED BYNUCLEAR TECHNIQUES

AGENDA

MONDAY, 22 OCTOBER 2001

9:00 - 930 Registration

9:30 - 10:00 Opening of the meeting
Representatives of the National Institute for Minamata Disease
B. Smodig, Nutritional and Health-Related Environmental Studies
Section, IAEA
Administrative arrangements for the meeting
Election of the rapporteur
Adoption of the agenda

10:00 - 10:30 Coffee break

10:30 - 12:30 SESSION 1: PROJECT REPORTS
Chair: H Aagi

Brazil (Jean Remy Davie Guimardes):
Study of methylation sites and factors in contaminated aquatic systems in the Amazon using
an optimised radiochemical technique.

Canada (Kevin Telmer):
Rate of methylation and bioaccumulation of mercury in contaminated
tailings in darkwater ecosystems by ICP-MS and enriched stable
isotope doping.

12:30 13:30 Luncheon

13:30 - 15:30 SESSION 2 PROJECT RPORTS (continuation)
Chair: D. Bermudez

China (Dingyong Wang):
Health impacts of mercury cycling in contaminated environments in China studied by nuclear
techniques.

India (K. S. Pate�:
Health impacts of mercury cycling in contaminated environment of
central India studied by NAA and ICP-MS.

15:30 - 16:00 Coffee break
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16:00 - 17:00 SESSION 3 PROJECT REPORTS (continuation)
Chair: D. Bermudez

Japan (Hirokatsu A kagi):
Quantitative evaluation of environmental factors influencing the
dynamics of mercury in the aquatic environment in Japan using
nuclear techniques.

TUESDAY, 23 OCTOBER 2001

9:00 - 10:00 SESSION 4 PROJECT REPORTS (continuation)
Chair: K S. Patel

Philippines (Ana Trinidad Rivera):
Health and environmental impact of mercury in the Philippines using
nuclear techniques.

10:0 - 10:30 Coffee break

10:30 - 12:30 SESSION 5: PROJECT REPORTS (continuation)
Chair: K S. Patel

Slovenia (Milena Horvat):
Biogeochemistry of mercury in the contaminated environment in the wider drija region and
the Gulf of Trieste using nuclear techniques.

Sweeden (Lars D. Hylander):
Determination of parameters influencing methylation and
demethylation rates in lakes in Brazil and Nicaragua using nuclear
techniques.

12:30 13:30 Luncheon

13:30 - 15:30 SESSION 6 PROJECT RPORTS (continuation)
Chair: L.D. Hylander

Tanzania (Justinian Ikingura):
Envirom-nental transformation and distribution of mercury released from gold mining and its
implications on human health in Tanzania using nuclear techniques.

Venezuela (Dario Bermudez):
Mercury exposure through fish consumption in riparian populations at
reservoir Guri, Bolivar State, Venezuela, using nuclear techniques.

15:30 - 16:00 Coffee break

16:00 - 17:30 SESSION 7 GENERAL DISCUSSION (see separate list of topics)
Chair: K Telmer

Summaries (highlights) of individual projects
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WEDNESDAY, 24 OCTOBER 2001

9:00 - 12:30 SESSION 8: GENERAL DISCUSSION (continuation)
Chair: J R. D. Guimardes

• Updating specific research objective of CRP
• Assessing the outputs
Coffee break as appropriate

12:30 13:30 Luncheon

13:30 - 17:30 SESSION 9 GENERAL DISCUSSION (continuation)
Chair: D. Wang

• Assessing activities
• Overall assessment of progress towards achieving objective
• Adjusting proposed work plan until next RCM
• Technical aspects
Coffee break as appropriate

THURSDAY, 25 OCTOBER 2001

9:00 - 12:30 SESSION 10: GENERAL DISCUSSION (continuation)
Chair: A. T Rivera

Technical aspects (continuation)
Coffee break as appropriate

12:30 -13:30 Luncheon

13:30 - 17:30 SESSION 11: GENERAL DISCUSSION (continuation)
Chair: M Horvat

• Main scientific/technical conclusions from the meeting
• Organisational aspects
• Formulation and drafting of conclusions and recommendations
• Drafting of the Meeting Report
Coffee break as appropriate

FRIDAY, 26 OCTOBER 2001

9:00 - 12:30 SESSION 12: GENERAL DISCUSSION (continuation)
Chair: J Ikingura

• Drafting of the Meeting Report (continuation)
• Drafting of the Meeting Report (continuation)
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Coffee break as appropriate

12:30 13:30 Luncheon

13:30 - 15:30 SESSION 13: CONCLUDING SESSION
Chair: H. Akagi

Discussion and approval of the Meeting Report
: CLOSING OF THE MEETING
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APPENDIX 2 LIST OF DISCUSSION TOPICS

SECOND RESEARCH CO-ORDINA TIONMEETING (CH) FOR THE
CO-ORDINA TED RESEARCH PROJECT (CRP) ON HEAL TH IMPA CIS

OF MERCUR Y CYCLING IN CONTAMINA TED ENVIRONMENTS
STUDIED BYNUCLEAR TECHNIQUES

LIST OF DISCUSSION TOPICS

STA TUS OF THE CRP

I .Summaries (highlights) of individual projects
2. Updating specific research objective of CRP
3. Assessing outputs

3. 1. Creation of a table with expected outputs and present status for the CRP
3.2. Creation of a list of scientific publications

4. Assessing activities
4. 1. Creation of a table with expected activities and present status for the CRP

5. Adjusting the proposed work plan until next RCM

TECHNICAL ASPECTS

6. Sampling sites and types of samples
7. Sampling techniques and equipment
8. Analysis
9. Data processing and interpretation
10. Quality assurance and control

OR GANIZA TIONA L ASPECTS

11. Co-operation
12. Next RCM
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Dr. Wang Dingyong
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Chongqing 400716
People's Republic of China
Tel: 0086-23-682 519 24
Fax: 0086-23-682 563 42
E-mail: wangdy�swau.cq.cn

Dr. K.S. Patel
Pt. Ravishankar Shukla University
School of Studies in Chemistry
Raipur 492010 M.P.
India
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National Institute for Minamata Disease
Environment Agency, Government of Japan,
Department of International Affairs and Environmental Sciences
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Tel: 0081-966-63 3 1 1 1
Fax: 0081-966-682 0 I or 611 145
E-mail: hiroakagi�,nimd.gojp

Engr. Ana Trinidad Francisco-Rivera
Occupational Health Division
Non-Communicable Disease Control Service
Office for Public Health Service
Department of Health, San Lazaro Compound
Rizal Avenue, Sta. Cruz, Manila
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