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ABSTRACT

Mercury has been misused by artisana miners dl over the State of Bolivar. A gold production in Venezuda of
around 18 tonnes annudly likely results mercury emission in the same magnitude. Symptoms of mercuridism in
miners and gold deders were dready detected by various researchers. The high content of organic acids in
sediments and waters of the Caroni River and other darkwater streams favours oxidation of metalic mercury
dumped by mining activities or precipitated from the amosphere. Soluble Hg-organic complexes can be
transformed into methylmercury and quickly taken up by aquatic biota. Bioaccumulation occurs predominantly by
food intake rather than via fish respiration. In some mining areas the process is occurring a dow rates but more
information is needed.

Other sources of mercury emission have not been previoudy consdered in the Guayana Region. The hazardous
effect of atificid impoundment to ncrease methylmercury levels in biota is a worldwide phenomenon and has
been recently detected in a hydrodectric dam in Venezuda (Guri). Fish are being contaminated by methylmercury
generated by methylation of atmospheric mercury deposited over the years in the sediments of Guri. Submerged
vegetation, the amount of organic matter in sediments and bacterid activity are contributing to biomethylation in
Guri. Carnivorous fish show a biomagnification of Hg stronger than other fish species.

The creation of Amagamation Centersin the lower part of the Caroni River is emphasized as a concrete solution
to reduce Hg emisson to "tolerable’ levels. Other methods to minimize Hg emissions, such as specid Hg-plates
and the use of home-made retorts were demonstrated to artisand miners in Guayana Meetings and talks with
miners from El Cdlao to Ikabaru stressed the danger of Hg misuse and the possibilities of biomethylation.

Educeation is along term solution for Hg problem.

Legidation, technology and educationd measures are key steps to transform artisand miners into smal miners.
Fantasies, panic and palitica interests are results of a poor role played by part of the Venezudan press. Affected
communities (miners and fisreating people) have been ignored. A massve campagn to inform fishtegting
pregnant women in Guri region about Hg-poisoning of carnivorous fish is strongly suggested. This report brings
an impartid viewpoint about the informa mining practices and the use of mercury in gold extraction in the
Guayana Region.
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DEDICATION

... thiswork is dedicated to a special citizen from the Guayana region: my great grandfather



1. Introduction

“ Agold mineisa holein the ground with a liar on top.”
Mark Twain

1.1. Scope of the Consulting Job

In 1993, the Governor of State of Bolivar, Mr. Andrés Ve asquez, through its Regiond Government Council
of Mining, Environment and Territory Organization which brings together professonds from different
ingitutions, requested UNIDO for an expert on mercury pollution and engineering to give “"advisory
assistance on avoidance of mercury pollution from artisanal gold extraction and improvement of
living conditionsin remote mining areas’.

UNIDO contacted me and | stayed in Ciudad Guayana, locdlity of Puerto Ordaz from May 11 to July 11,
1995. The development of educationa measures and technologies to assst informa miners to reduce mercury
emisson and clean-up polluted Stes has been my field of study for dmost 12 years. | have adso been
promoting and supervising studies of other measures to mitigate biocaccumulation processes which have been
conducted by different ingtitutions in Brazil and Canada which certainly might be gpplied to Venezudan gold
fidds.

My consulting job would be more effective if the Regiond Council had a specific project or a group of
technical people to assmilate the theoreticd and practica techniques that have been part of my experientia
knowledge. Mogt professonds in Guayana region who have background in mercury pollution are dispersed
and only a few ill working in this field nowadays. In two months of contacts with these professonds, |
redized that there are excdlent individuds to carry out gpplied studies about mercury pollution within
Venezuda

At the end of my consulting job, UNIDO contracted UNEG-Universdad Naciona Experimenta de Guayana
to fulfill part of my work, involving a mercury mass baance and use of dternative technologies to recover Hg
from contaminated Stes. Professors from UNEG (biologist Dario Bermudez and Dr. Manuel Sdinas) together
with the engineers Jhonny Espinoza and Jesus Rodriguez from Pareca, a norn-governmental organizetion
conducted thiswork in "Bgo" Caroni and km 88. Severd of their results are used in this report.

In Venezuela, miners are using mercury to amalgamate fine gold and their lack of knowledge about adequate
procedures and toxicology have caused considerable occupationd hazards. The first signs of methylation and
biocaccumulation are observed but existing and former studies demongtrate considerable ambiguity regarding
the extent of the problem in Guayana Region.

The southern part of Venezuela, below the Orinoco River (Fig. 1.1), involving State of Bolivar, State of

Amazonas and the Federal Territory of Delta Amacuro is caled Guayana Region. The main mining activities
are developed in the State of Bolivar which has an area of 240,528 km?, comprising 75% of the hydrodectric
potentid of the country. The Venezuelan population (1993 estimate) is around 20.2 million, in which 80% of
the population lives in the northern highlands or coastd regions. Less than 5% inhabits the Guyana Region.
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Fig. 1.1 - Map of Venezuda
(Source: Microsoft Encarta 95).

About 90% of people in the State of Bolivar live in the cities, which have a growth rate of 3.4% annudly and
an unemployment rate of 12.2% in Ciudad Bolivar and 6% in Ciudad Guayana. The literacy rate is > 90%.
The natura resources and industria development of Bolivar have atracted many foreignersin such away that
from 1981 to 1991 the amount of foreigners increased 221.3%. Bolivar is the nation's mgjor development
areawith stedl complexes, duminum plants, industria gold production, hydrodlectric plants, etc. The State has
about 24,000 natives.

The"CVG - Corporacion Venezoelana de Guayana' was created on December 29, 1960 as a rector entity
for the Guayana region, to promote and coordinate the socia-economic development of the region. The
presence of he CVG in the region, as a company for regiond development, is well understood by most
inhabitants, however nowadays, these citizens criticize the role played by the CVG and it seems that
privatization of the CVG's companies will occur in the near future.

1.2. Definition of Small Mining in Venezuela

In 100 years, dmost 200 tonnes of gold were extracted in Venezuda (Rodriguez, 1994). Almogt dl of this
production was located in the State of Bolivar. This author estimates that between 60,000 and 80,000 people
areinvolved directly with mining activities (gold and diamond), however CVG estimates that this number does
not exceed 30,000 to 40,000 of miners in which between 7,000 and 10,000 people are illega. The
Asociation of Miners of Ikabaru estimates that each miner supports a family of four people, on average.
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About 80 % of the gold in the State of Bolivar comes from artisand mining activities. Tota gold production
estimated by CVG for 1995 is about 18 tonnes but due to a Government policy which fixed the exchange
rate of Venezudan currency (bolivars) rdative to the U.S. dollar, CVG expects that a large amount of gold
and diamond will be smuggled to Brazil where the price is better. In Ikabaru, a mining dte at the border with
Brazil, gold deders are buying gold at the price for refined gold just to keep the diamond market active and to
avoid smuggling of gold and consequently diamond.

According to Goldfields Minerd Services Ltd., Venezuda produced 20 tonnes of gold in 1988 and this
production has declined over the yearsto 14 tonnesin 1992.

There are two legd waysto obtain aclaim for mining activitiesin State of Bolivar:
1. dams granted by the Ministry of Energy and Mines (MEM),
2. contracts for andl, medium or large mining operations granted by CVG.

CVG contracts are a recent fashion. Before 1991, this attribution was exclusive of MEM through exploration
and mining titles

The medium and large miners have to follow the ordinary procedures to obtain titles from MEM or CVG. An
Environmental Impact Statement is sent to the Ministry of Environment and Renewable Naturd Resources
(MARNR) for exploration and mining programs. Usually, the area of each contract is around 500 ha.

Almog dl of the smal miners have contracts with CVG rather than MEM claims. The CVG contracts with
individua miners' were created to reduce bureaucracy and to use small miners to prospect gold deposits.
These contracts, vaid for one year, involve areas of 20 ha which are not negotiable or transferable. Asthe
miners do not have guarantees that they will work next year in the same stes, they do not show concerns for
the environment. Smal miners do not need to prove ore reserves before mining and they are not legdly
responsible for environmenta damages either. According to the geologist Armando John Madero, manager of
Dept. Mining and Environmenta Geology of CVG-Vice-Presdency of Mining, when CVG sgns a contract
with asmal miner, CVG isrespongble for the environmental impacts caused by this individud. However, Mr.
Maderos explained that his Dept. cannot work actively due to alack of people and a budget. He added that
his Dept. has done just a few ingpections and sometimes the Nationd Guard is informed that irregular
activities are occurring. At this point, the responshbility for repressve actions is trandfered to the Nationa
Guard and CVG-VP Mining is informed. Mr. Madero estimates that 90% of the CVG contracts with
individua miners are not being conducted properly. According to the CVG manager, the lack of inspection
and assislance to samdl minersis causng high environmenta damages.

In a meeting with an engineer, Rosa Graffe, from the CVG - Vice-Presdency of Mining, Dept. of Small
Mining, she told me that smal mining activities were defined until 1991 based on investments up to 5 million
Bolivars (US$ 29,500), but nowadays there are many smadl miners who own barges of 80 million Bolivars
(US$ 470,000) and they are gtill considered small. To be asmall miner, one hasto fill out forms requesting an
area in which to work. The criteria to identify a small mining operation is established by a group of anayds,

! It is not necessary to be acompany as required by MEM.
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namdy "Comite de Contractacion” (Contract Committee) which includes representatives from State
Government, Nationa Guard, Cooperatives, natives representative, CVG, etc. This Committee andyzes the
forms. Unofficidly, a smdl mining operation in ariver is consdered that one which uses dredges smdler than
15 m. The CVG inspects the dredge and other pieces of equipment to check whether the description of the
miner matches with the description or not.

The CVG defines areas in ariver that can be mined. Smal miners can move indde this area. In Caroni River,
tributary of Orinoco River, there are three legad mining sites rear Ciudad Guayana: Playa Blanca (3475 ha),
Rio Claro (3350 ha), Santa Rosa (200 ha). For MEM cdams, the maximum area for aluvid mining is 1000
ha per block as established by the Mining Law of Jan. 18, 1945, Art. 37. This article aso limits the maximum
number of clams per person or company: nobody shall have claim blocks larger than 10,000 ha for
primary ore and for alluvium this area shall not exceed 20,000 ha.

Normally, there are rules (Decree 845, 1990) for dredging operations. For instance, each dredge must keep
the following distances from other dredges:

dredge &» dredge

¢50 m

dredge

A miner can decide to share his finding with another miner, but this should not be done in an informa way.
They must Sgn a registered contract establishing that they will work together in a certain area with distances
shorter than those established by the Decree 845.

The mining operations on shores, usudly using hydraulic monitors, are o ruled by norms. Each group of
workers has 5 hato work with a maximum of 4 monitors (8 engines).

CVG has a policy to reduce or cance smdl mining contracts. Currently there are 119 contracts with
individuds (smdl miners) and 10 contracts with Cooperatives and Associations of miners which are
consgdered medium or large mining activities, but actudly Cooperatives or Associations of Miners do not
work in cooperating or sharing system but rather adminigtrating mining areas which are trandferred to small
miners.

The CVG - Tecmin - Dept. of Mining Operations, a CVG subsdiary, created in 1993 is responsible for two
"Centros de Acopio y Processamento” which are Centers of Gold Processng and Amagamation of
concentrates from dredging operations. These centers are discussed in chapter 2 of thisreport. Tecminisaso
conducting a huge geologicd survey in Guayana

Since the definition of a smdl mining activity is not dearly found in CVG or in the Minisry of Energy and
Mines, the Minigtry of Environment (MARNR) has written a law project to create Norms to Control the
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Environmental Impact of Gold and Diamond Mining in States of Bolivar and Delta Amacuro (June 1995).
The document defines that a small mining is one with a capacity to process 200 tonnes of ore daily (or
64,000 tonnes annually). | have defined the size of an informa mining activity in the Amazon Region based
on gold production rather than on tonnage of material processed (Veiga, 1994) (Table 1.1).

A great confuson exigts about the meaning of the terms smdll, artisand and informa mining. In many cases
they seem to be equivaent. The definition is subjective and has to be, because the rules are not clear and the
aress are given based on andyses of many criteria (mainly economica and technical).

Table 1.1 - Szeof Informd Mining Activitiesin the Amazon

SZE Au Production NUMBER of
(kg gold/month) WORKERS
Smdl <10 <1,000
Medium 10to 30 1,000 to 3,000
Large >30 >3,000

From my viewpoint, the definition of smdl mining has alegd meaning while informa mining is not necessarily
legd. Informa mining is a broad term that includes legd and illegd operations which do not use the
conventiona gpproach adopted by organized mining companies. Congdering Brazilian "garimpos’ as informal
mining activities, there are many operations that extract 100 kg gold monthly, which cannot be considered
gmdl. These "garimpos' frequently do not have permits for mining but only for exploration. Artisand mining
seems to be a synonym for informa mining but gives the impression that the extraction and concentration
methods are rudimentary. It is clear that a definition for smal mining activity should art by identifying who is
involved in this activity, how technicaly and economicaly skilled isthe individua (or company) and what kind
of assgtance is hecessary to transform the operation from an artisand (or informa) miner into a"smdl” one. A
decison matrix is necessary to define whether aminer issmall or not.

1.3. Why Venezuela Needsa New Mining Law?

A new mining law (1995) is being conddered by Venezudan authorities to replace the current mining law
written in 1945. The proposa excludes fossl fudls, iron ore, evaporites and marine carbonate deposits.

The new law would create an Indtitute (Ingeomin) of Geology and Mining which is a sort of Geologicd
Survey. The attributions of this Inditute will be:
elaboration of maps with geological information;
evauation of minera resources,
education;
elaboration of research program about appropriate technologies to mining activities with environmenta
concern.

This latter point seems to be a new and useful activity to be implemented in the Guayana Region. However,
around the world, the concept of Geological Survey Indiitutes is being questioned, since the high costs
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involved in generaing detailed geologicd information should be born by mining companies. In the Guayana
Region, this Ingtitute would aso duplicate atributions of CVG-Tecmin. The advantages of cregting this new
Indtitute are not clear.

The project of this new law aso establishes that only companies may obtain minerd daimswhich are vaid for
25 years. The right to explore is valid for 3 years extendible for 10 years. In the proposed law, a new idea
has been created: a public competition to obtain aminerd clam. The Minigtry of Energy and Mines (MEM)
can call interested parties to present a bid for exploration and mining of a specific area. The areas subjected
to this competition are not clearly defined in the document but can aso be aclam owned by a company. The
owner of this property has 15 days to claim its rights. Which areas can be offered by MEM are not defined in
the document.

Article 70 of the proposed law establishes that: mining activities will only be conducted in zones of Mining
Activities established by the Presdent of Venezuda The Organization Plan for the State of Bolivar dso
delimits the zone of mining activities. So, whet is the function of the new Ingtitute (Ingeomin) to find new aress
and promote mining in Venezuda ?

Chapter 1V of the proposed law is dedicated to artisand and small mining (the concepts are mixed). In Sx
Articles, no definition of artisana or smdl mining is shown. Thereis an explicit good-will of the Government to
protect artisand miners. These miners would be required to pay mining taxes® of 4% of the vaue of the
refined gold in Caracas. The special treatment provided by the Government to the artisanal miners is not
described and seems contradictory to the rest of the document which clearly focuses on the actions of
organized mining activities. Even though, it seems that the measures included in this new law do not promote
the activity but create more bureaucraic obstacles which certainly will result in more illegdity and frightful
fedings of new investors. So, it is not clear what iswrong with the old (1945) mining law.

It seems that the importance of artisana mining activities is not clearly understood by Venezudan authorities
and society. In Brazil, the conflicts between mining companies and artisand miners or natives and artisand
miners were not solved with Decrees and Laws which reserved areas for mining by "garimperos' (artisand
miners). As the ore is not dways located totaly within these reserves, the limits imposed by law have not
been respected. Illega operations have been flagrant across the country.

The Venezudan mining law of 1945 dd not classfy artisand mining activities by the type of ore depost
(@luvid, coluvid and dluvid maerids) but raher by the primitive equipment used in mining and
concentration. Article 44 establishes that any type of ore in abandoned areas or in rivers belongsto the
people and can be freely exploited by panning or other primitive equipment. Sluice boxes and rockers
are permitted. The Government can stop any mining activity when other procedures for mining are in use.
Aswdl, Article 51 establishes that the free mining right is precarious and can be ended in the interest of the
people. The newly proposed law (1995) in Article 56 mentions that further Decrees and Regulations will

define artisand miners as well as their activities. Certainly the type of ore will become afocus.

% Currently amining tax of 7% is paid by aminer : 3% for the cooperative and 4% for MEM
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As placer depodts imply a high risk for companies, the laws have tried to leave the risk with adventure-
seekers, who actudly, in Latin America, discovered dmogt dl of the gold and diamond deposits. The
trangtory nature of this type of mining has dways been the focus of laws, however no dternatives for the
future are shown to someone who might want to become alegd smdl miner. As the activity is trangtory, no
concern with the environment is evident. Extinction of surface oreisanatura consegquence of artisand mining
activities. When these miners gart to extract gold from quartz veins, this is the beginning of the end of their
activities, i.e. they do not have technology, geologica information or capita to invest in underground mining
and the result is usualy bankruptcy. At this point, when miners have legd titles to their mining Stes, negotiation
with junior or mgor companies is an intelligent way to obtain durable benefits from organized mining activity.
Negotiations in Brazil and North America between artisana miners and junior companies have resulted in
trandforming "garimpeiros’ into shareholders of amining company.

1.4. Solutionsfor Artisanal Mining Activities

Recently, in May 1995, 80 experts from 25 countries, atended a meeting about artisand or informa mining
held by the World Bank in Washington, D.C. At the end of three days of discussons, the most important
topics were as follows (Suttill, 1995):

1. None of the other problems of lack of technology and financial support can be tackled effectively
until a prime need is met: legal titles. Legalization of artisanal miners was agreed to be the
essential first step in transforming them into small miners. Legal status also improves the
creditworthiness of artisanal miners and their willingness to invest (or negotiate properties).

2. Artisanal mining activities are usually an island of prosperity in a sea of poverty. The existence of
informal mining is largely due to poverty, lack of alternative employment and "get rich quick"
mentality. This latter point seems to me an important and hitoricd driving force for informa mining in
Latin America

3. A researcher from Austria estimated that perhaps 6 million people are directly involved in
artisanal mining worldwide. Half of these are in China, predominantly in small village-run coal
mines. Brazl, India, Indonesia and Zaire have about 500,000 informal miners each and the rest
are spread throughout the devel oping world.

4. Governments almost universally wish that artisanal miners would disappear. Miners have little
political clout and provide no tax revenues. They usually operate far from government control.

5. Miners are excellent workers for exploration programs. Some companies use informal miners as
prospectors.

6. There are many mineral deposits which because of their size will never be of interest to a major
mining company but which could be mined profitably on a small scale. But in most countries there
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is nothing between the small worker on his usually illegally held patch and the mine treating
hundred of thousands of tons per day.

7. Environmental destruction is the single most visible aspect of artisanal mining. Although the total
area affected is small (e.g. less than 1% of the Amazon basin in Brazil has been affected by
"garimpos"), the local impact is high.

8. All delegates agreed that education and the communication of information are key to making all
interested parties aware of the situation and encouraging them to improve it. This can be done
through newsletters, comics, seminars, videos and radio and TV campaigns.

9. Attempts to form cooperatives have usually failed. Most "cooperatives' are legal conveniences
where each miner works for himself rather than true revenue sharing arrangements. Artisanal
miners need to be encouraged to become entrepreneurs and look upon mining as a business. It
seemsthat thisisthe only way to creste a sense of citizenship and environmenta concern.

In Ecuador, the government tas granted the informa miners titles to their claims and encourages them to
come to agreements with established mining companies (Suttill, 1995). This is red protection and assistance
for those who discovered minerd deposts.

Lack of aclear palitica definition for artisana miners has created conflict between miners and companies in
Venezuda. At km 88, | have seen 400 minersinvading the open pit of a mining company, Crystdlex. Thisisa
smdl Canadian company, a pioneer in the State of Bolivar, that recently started a cyanidation plant (carbon-
in-pulp process) for 280 tonnes of run-of-mine ore daily (with capacity of 400 tonnes/d) with a production of
around 70 kg Au monthly. There is a policy to employ miners of the region as much as possble. Currently,
there are 113 employees. Miner invasions started in December 1994 and six months later no control could be
enforced.

In many countries, artisand or informa miners have developed their own technology; they formed unions; they
imported equipmernt to continue their work in the areas they occupied. This equipment varies from primitive
duices to sophigticated centrifuges. Disorganization and pollution are results of the absence of technica
support for these miners. The evolution of informa mining into organized companies happened in North
America and the higory is unlikely to be different in developing countries, unless society and government
refuse to participate in this evolution.

1.5. Environmental Regulationsfor Mining

The mining activities seem to be very well regulated in Venezuela by the Mining Law as well as by a number
of Decrees from the Ministry of Energy and Mines and Ministry of Environment. However, some Decrees
seem to be utopian, such as Decree 269 of June 9, 1989 in which dl mining activities are prohibited in the
Amazonas Territory (today a State). How is this law enforced? In Guyana, MARNR numbers 67 employees
for adminigtrative and ingpection activities. Sometimes the Nationd Guard helps MARNR to enforce the law,
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but the Director of MARNR, Mr. Gabriel Blanco, admitted that his people cannot do al ingpection work in
the Guayana Region. It seems clear that instead of prohibition, the Government should creste a good-will
image to minersin order to have them under lega control.

The misuse of mercury in dl mining operations is aready prohibited by Decree 1740 of July 25, 1991.
However, in Article 3, the Decree dlows the use of Hg when an authorization from MARNR isissued. This
has led to the formation of Amagamation Centers which are a very creative solution, an example for other
countries. It seems that MARNR personnel are not convinced of this. A vidt to these Centers surely would
help to convince anyone that mercury can be handled safdly by professonas with control of emissons.
Certanly this gpproach isinfinitely superior to widespread indiscriminant use by unskilled people.

The use of hydraulic monitors is prohibited by Resolution 368 (Aug. 19, 1993) of the Minigtry of Energy and
Mines. However, there is an exception in Article 6: the miners with a small mining contract can use
monitors with a previous authorization and for no longer than one year. The damage created by
hydraulic monitors is related to use of this process near watercourses. Actualy miners st up streams when
this process is misused. But the process itsdf need not cause environmenta impacts. Lack of technica
support isthe main problem. All concentration processes using gravity equipment need water. When hydraulic
monitors are used for weethered ores, water is added during the mining process. The dternative would be a
dry process in which excavators are used. In this case, water is added later in the gravity concentration plant.
The quantity of water used in both processes is probably the same, since dl gravity processes work with a
pulp dengity of gpproximately 30% of solids. How to handle tailings is the key issue. Sedimentation ponds
should be a requirement for water reclamation. So, the Decree targeted irresponsible attitudes of artisand
miners but mixed-up concepts. Even the artisand miners can continue using this process. The right attitude
would be the prohibition of any mining process (dredging or land operations) that increases watercourse
turbidity for a disance longer than a few hundred meters. Furthermore no chemica additives should be
alowed to accelerate sedimentation in natural waterstreams.

The Norn? proposed by MARNR to regulate exploration and mining in the States of Bolivar and Delta
Ameacuro is a clear indication that technicad people are legidating without consulting miners. This certainly will
result in moreillegd activity. How can MARNR limit and control a geologica exploration program? How can
MARNR define smal mining operations? How can MARNR know the dimensions of roads, trenches, pits
and shafts which represent the best exploration program? Why is so much information required? It seems that
the Norms are intended to organize the MARNR procedures more than to evaluate the red possihilities of
environmenta impact. Why are exploration programs considered to be so destructive? Unfortunately, in many
cases in Venezuela (dso in Brazil), the miners have obtained the exploration rights (titles) but actualy have
extracted materid. The difference between sampling and mining is not clear.

For example, a gold deposit with a predominance of nuggets, as is common in tropica lateritic terrains,
cannot be explored using classca geochemicd surveys (andyses of amdl samples). Large samples are

® Normas para Controlar la Afectacion del Ambiente Asociadaa Aprovechamento de Oro y Diamante en el Estado Bolivar y
en el Municipio Antonio Diaz del Estado Delta Amacuro. Ministerio del Ambientey de los Recursos Naturales Renovables.
Junio, 1995
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necessary for a representative sampling program. This is understood by organized companies and, for this
reason, informa miners are important as progpectors. Their work is seen by mgjor companies as a subgtitute
for geochemicd exploration usng weethered materid for this end. When the primary ore is found, the
atisand miners do not have the technology to exploit underground ore and they have to sdl or leave the
deposit that they discovered to large companies. This was the evolution of the prospecting prospecting
process in North Americaasit has been in Latin America, aswell.

It is clear that this Norm intends to subvert this process, selecting which kind of company can be part of the
mining development of the country. Artisana miners are not considered. Assuming that these Norms will be
applied only to organized companies other criteria are needed.

Geologicd exploration does not have rigid rules that can be gpplied to dl environments. Hexihility and
adaptability is needed for a successful exploration program. The environmental Norms, if necessary, must be
created to smplify the Environmental Impact Statement ("Estudio de Impacto Ambienta™) for exploration and
mining. Firg of dl, an identification of the project is needed. This comprises Smple information to give an idea
of the dimengion of the impact:

access and land clearing

equipment

camp

waer management

waste management

After this, an environmenta management plan is required. This plan can be requested with a Smple satement:

Please describe the Biological, Chemical and Physical Impacts that you expect your (exploration or
mining) action will cause and how you are going to minimize these impacts. Thiswill sdlect (as desred
by MARNR) the mining companies by their cregtivity. Some companies will do agood job other will fal. This
will contribute to increase qudity of reports, quality of actions and quality of project andyds. Asthisis a
subjective field (so is geologica exploration), some desirable and undesirable sde effects can be expected:

increase in the number of environmental consulting companies, didogue between miners and MARNR seff,
more participation of minersin the decision process, corruption. The dimension of each pit, trench, road, etc.,
will be flexible depending on the dimension of the geologica anomdies, the budget, the equipment and the
creativity of each professond.

In North America and many countries of Latin America, exploration programs do not need an Environmenta
Impact Statement. In Canada, for example, the Government encourages exploration programs and no fees
are charged. A claim is vaid only for 3 years. Every year a report is required to know how much was
invested in the property and what kind of improvement has been done. If the property owner is doing nothing,
just holding the area for negotiation or if environmenta damage is occurring this will be evident in an

ingpection.
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MARNR needs urgently to review this proposed Norm which is Utopian and will creste more illegd activity if
gpplied. As wdl, a good report is not enough to prevent damages. Enforcement must take place by regular

ingpections.
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2. Amalgamation

"It'sa hard job to teach ecology for an illiterate and poor miner."
Ivo Lubrina- aminer

2.1. Brief History of Amalgamation Practices

Mercury is the #h metal of antiquity and has been known and used for more than 3500 years. Samples of
mercury were discovered in ancient Egyptian tombs that date to 1500 or 1600 BC. The first reference to
meta extraction in written records is attributed to Aristotle in the 4h century BC. Romans used cinnabar
(HgS) for writing their books and as a pigment to decorate tombs, statues and walls. They aso used
elemental Hg as an amagam to separate gold from other materids and as an amagam to coat gold onto
copper (Nriagu, 1979; D'ltri, 1972).

The chemica symbol of mercury, Hg, comes from the Greek name Hydrargyrum (liquid slver) and the name
Mercury was given by medieva dchemids after the flegt-footed Greek god. In 1533, Paracelsus wrote a
book about occupational diseases in which he described in detal Hg poisoning of miners. Although
Paracelsus was intrigued with Hg, he consdered it a metd that was deficient in its coagulation ability. He
believed that dl metas were liquid Hg up to the midpoint of the coagulation process. Consequently, he
expended much unsuccessful effort trying to coagulate Hg to convert it into gold (D'ltri,1972).

Inorganic Hg compounds have been used extensively as antiseptic, disnfectant, purgeative, and counterirritants
in human and veterinary medicine. Various Hg compounds were developed to aid in the control of bacteria,
fungi and other pests. Paracelsus introduced probably the most unusua medicind use for Hg. He dissolved
Hg in ail of vitriol (sulphuric acid) and didtilled the mixture with Spiritus vini (alcohol) as a cure for syphilis.
This use of Hg perssted until the 1930's (D'ltri, 1972, op.cit.). Many of these applications are gradualy being
replaced by other compounds.

Mercury is dassfied geochemicdly as a chacophilic dement, i.e. it is mostly associated with sulphide phases.
Jonasson and Boyle (1979) showed a wide range of Hg concentration in igneous rocks but the average is
0.028 ppm (mg Hg/kg of rock) for basic and 0.062 ppm for acid rocks. The same authors showed a wide
range of Hg concentration in sediments ranging from 0.010 to 3 ppm and vaues ranging from 0.2 to 2 ppm of
Hg in humic soils. A mean of 0.080 ppm of mercury is reported by Taylor (1964) as the earth's crust
background.

The extraction of gold by amagamation was widespread until the end of the firgt millennium. In the Americas,
mercury was introduced in the 16t century to amalgamate Mexican gold and silver. The import of Spanish
mercury to Bolivian and Peruvian goldfields lasted from 1560 to 1860 (Nriagu, 1989; CETEM, 1989). The
Spanish authorities encouraged mercury ore (HgS - cinnabar) prospecting in order to supply the Cdifornian
mines. In 1849, during the American gold rush, smal mercury deposits were exploited. At this time, mercury
was widdy used by American miners (progpectors) in their pans, duices, etc. Mercuriaism became a
common illness among the cinnabar miners and gold panners (D'ltri and D'ltri, 1977).
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Buhler et d. (1973) make reference to 7 - 30 g of Hg discharged in the waste water per tonne of gold ore
processed by minersin the 1860s in southern Oregon and Idaho.

Garrett et d. (1980) dso reported high Hg concentration in many areas in the Y ukon Territory and in British
Columbia. Levels up to 5.2 ppb Hg in surface waters were andyzed. The source of these high levels is not
well understood as the Pacific Northwest is Situated in one of the mgor mercuriferous belt of the earth.

The ama gamation process was widely used by Canadian miners in the 1860s until 1890s as observed in the
reports of the Minister of Mines. Nuggets had a better price ($ 16.5/0z) than fine gold (MMBC, 1881) and
mercury became a solution to extract fine gold from benches of the Fraser river extending from Hope to
Lillooet. The text below extracted from MMBC (1875) shows clearly this fact: "... On the bars near the
mouths of rivers, it is found in a fine impal pable dust, known as flour gold, and can only be collected
by the aid of quicksilver." Mercury was used in duice boxes or in copper plates. It is reported that native
indians and Chinese were the best gold savers at that time. These latter were usudly hired by the "white men"
and then began their own operations later (MMBC, 1881).

Veiga and Meech (1995a) evaluated mercury contamination at an old mining site in Western Canada. Port
Douglas was a smdl village of British Columbia founded in the late 1850s to serve as the trangt jump-off
point to Cariboo goldfields. In 1859 more than 30,000 miners passed through the town. Primitive panning
methods and duice boxes were used to extract gold fom the Lillooet River Delta by these pioneers. The
presence of Hg droplets could be seen in sands from the Lillooet River. During gravity concentration in a
shaking table, smal mercury beads are frequently observed in the concentrates. The results of the
geochemica survey in Port Douglas may suggest an anthropogenic influence in severd Stes possibly exploited
by the pioneers, however samples collected distant from Port Douglas, in Sites unlikely worked in the past,
aso showed high Hg vaues. Naturd amagam in this placer occurs in the form of platy particles, with a paste
congstency, very often stuck to gravel surfaces. Hot springs might be the main source of gold and mercury in
the region and organic matter may have played a role in transporting Au and Hg in solution or as fine
suspended particles. An outstanding enrichment of Hg and Au was observed in the black waters reaching
vaues around 2 ppb Hg and 20 ppb Au in solution or in colloids finer than 0.45 mm. These numbers are
respectively 200 and 2000 times higher than the expected background for these eements in freshwater
(Forstner and Wittmann, 1979). Naturd amagam formation from organic complexes has aso been observed
in other placer deposits, such as Goodnews Bay, Alaska (Mardock and Baker, 1991). According to these
researchers, humic acids trangport gold and mercury, and amalgamation in the environment can account for
subsequent accretion of gold forming nuggets.

Mudrock et d. (1992) investigated the effect of heavy metas in biota of apast gold mining activity in the
Cariboo region. In Jack of Clubs Lake, Wdls, B.C., Canada, an old operation used amagamation from
1933 to 1966. The Hg concentration in trout has been shown to exceed the 0.5 ppm Hg guideline for human
consumption. The authors concluded that limited information is available on the effects of the abandoned gold
mine tailings on the Fraser River Basin ecosystem.
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In Ydlowknife, Canada, the impact of the use of Hg in gold amagamation from 1950 to 1969 in the
Discovery Mine ste, is mirrored today by high Hg leves in fish of Giauque Lake. About 2.5 tonnes of Hg
were discharged together with tailings. Due to the extent of Hg contamination, Giauque Lake has been closed
to sport and domestic fishing for severad years and has been described as a contaminated site under the
Environment Canada Nationa Contaminated Site Program (Baker et a, 1992).

In Quebec, Canada, old gold mines in Vd d'Or used amagamation throughout much of the 20th century.
Today most abandoned sites $iow high Hg content in sediments (up to 6 ppm) and in fish. As a result of
chemica anayss of fish muscle, it was observed that bioaccumulation is related to food web and fish age. A
total of 31 gpecimens of pike showed an average level of 2.6 ppm (mgHg/kg) - more than 5 times above the
guiddine leve. All fish collected upsream of tailing ponds aong the rivers Colombiére and Bourlamaque
contain more Hg than do the fish collected downstream. These are darkwater rivers and explanations for
these phenomena are still being researched (Poirier, 1993, Louvicourt Project - persond communication).

In South America, Africa and Oceania, news about Hg use in gold operations is told by native engineers and
geologigts, but little is reported in the literature. In Peru, a current gold rush was triggered in Madre de Dios
Department where about 10,000 "chichiqueros’ (informa miners) have worked since 1990. About 130 kg of
gold/month are recovered by primitive methods and Hg is extensvely used and burnt (Bliss and Olson,
1992).

Amagamation and cyanidation are practiced by informa miners in Ecuador in the cities of Zaruma and
Portovelo. There are 68 plants in operation with a capacity to process 14,000 tonnes of ore/month. The ore
is exploited through shafts to be crushed and ground in different mills (bals, rods, etc.). Concentration is
carried out in duices lined with carpets. Gravity concentrates are amalgamated in a sort of "Muller” pan for 2
to 4 hours. Amagam is usudly burnt in pans, sometimes wrapped in duminum foil. The gold production is
estimated at 1.4 tonnes/year with recovery around 50 percent (Vaca, 1992).

In Colombia, Narifios Department, about 120,000 people depend on smal mining activities. There are 67
plants using amagamation and cyanidation (Projekt-Consult, 1992).

In Bolivia, near the Brazilian border, it is estimated that 80 tonnes of gold were extracted by dredges with
amost 100 tonnes of Hg consumed (Zapata, 1994).

In Indonesia informa miners are victims of poor amagamation practices in gold fields (Achimadi, 1994).
Over 200,000 people are involved in smdl-scae gold mining activities in Philippines which use andgamation
asthe main process (Torres, 1994).

2.2. Amalgamation Practicesin the Brazilian Amazon
In Brazl, the anagamation processes seem to be gpplied in the beginning of 19th century when British

technology was imported to Brazil. The use of mercury increased in the developing countries, a the end of
60s, by the end of the 1944 Breton-Woods agreements, which had held the price of atroy-ounce (31.1g) of
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gold at US$ 35 for avery long time. The price of gold gradualy rose during the 70s, leading to the reworking
of ores hitherto considered low grade.

Almost 2000 mining Sites ("garimpos’) were worked in the Legd Amazon Region. The human contingent
involved directly and indirectly with this economic activity, numbered more than 4.5 million in 1989. An
average of 100 tonnes of gold were produced annudly (Feijdo and Pinto, 1992). The high price of fud,
exhaugtion of placer ores and the lack of technology to process primary sulphide ores have decreased the
"garimpo” activities in Brazil. Many "garimpeiros’ are moving to remote regions seeking new gold deposits
and not infrequently Brazilian boundaries are not respected creating diplomatic problems with neighboring
countries.

Although Hg is not dlowed to be used by Brazilian miners, in fact amagamation is the main process used.
Cleary (1990) reported only one miner who did not use Hg and he was regarded as eccentric by his peers.
More than 90% of the gold present in gravity concentrates can be trapped in amalgam according to field
observations a some operations. Price is not an impediment for reducing use. Even a 5 times the internationa
price, Hg is ill a chegp reagent for extracting gold, with a cost equivaent to 0.012 g of gold per tonne
processed. (Veiga and Fernandes, 1990). The mining and amalgamation methods used in "garimpos’ are
variable which, together with the fate of contaminated tailings and Au-Hg separation procedures, define the
extent of Hg losses.

Farid et d. (1991) evaduated a type of "garimpo” which used a grinding operation (hammer crusher) and
gravity concentration (duice or centrifuge). Figure 2.1 shows a smplified flowsheet of the operations involved
in this type of garimpo, while an Hg-badance is provided in Figure 2.2. These operations are conducted on a
lode ore and its weathered part. Erosion of the quartz vein hosted by ferruginous and carbonaceous phyllites
spread aut gold into the weethered layer. The gold grade is poorer than in quartz veins but easier to mine.
Large production can be achieved, such as 3 million tonnes of run of minelyear, but gold recovery in the
gravity circuit is usualy lower than 50% due to poor liberation. Using centrifuges, about 60 kg of concentrate
are produced every 8 hours. Amagamation of concentrate is performed in barrels or in pans using a ratio
Hg:conc.= 1:100.
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Fig. 2.1 - Howsheet of atypicd “garimpo” in Poconé, MT, Brazil
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Fig. 2.2 - Badance of Hg in the amagamation, Poconé, Brazil
(adapted from Farid et al, 1991)

In the beginning of mining activities in the Amazon (1975), some irrationd amagamation practices were
observed, such as:

- mercury was placed on riffles of duice boxes to amagameate the whole ore;

- mercury was mixed with the whole ore in excavated pools (hydraulic monitor operations).

These poor amal gamation practices seem to be "exported” to other South American countries. Nowadays the
mgority of miners amagamates only gravity concentrates in barrds or pans and the minerd portion is
separated from amalgam by panning. This operation takes place elther in waterboxes or in pools excavated in
the ground. In dredging operations, anagamation is done on board usng a high speed blender. The method
used to remove the excess mercury from amagamsisfiltration usng a piece of fabric to squeeze by hand. The
amagam obtained, usudly with 60% gold content is retorted or smply burnt in pans. The bullion till contains
5% reddud Hg which is rdeased during gold mdting in shops. Mercury entering the atmosphere can
represent as much as 50% of that introduced into the amalgamation process when retorts are not used (Fig.
2.2).

Pfeffer and Lacerda (1988) reported that Hg losses due to dredge mining in the Amazon range from 30 to
45% of the Hg introduced in the process when retorts are not used.

Brazil is not a mercury producer and imports around 340 tonnes annudly. Mercury imports are alowed only
for regigtered industrid uses, however the declared uses (dectronic indugtries, chlorine plants, paints, denta,
etc.) are declining. In 1989 this represented about 22% of the total 340 t of mercury. The remainder was
imported for re-sde to indudtries, but it is estimated that over 170 t were illegdly diverted to mining activities
(Ferreiraand Appd, 1991).

As arough estimate, if we assume losses of 40% of 170 tonnes Hg, 68 tonneslyear are calculated aslosses
due to poorly conducted amagametion prectice. The ratio Hgcongumed * Albroduced 1S SOMeEtimes used to
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caculate Hg losses. This seems to be an inaccurate approach since gold output from these mining activitiesis
not well established and is difficult to estimate. In addition, stockpiling is not taken into account by this ratio
and this may actualy be a preferred practice by miners because of the "illegd” nature of this commodity. The
Hg:Au ratio provides a picture of mercury consumption on a large scale. For ingance in the Amazon region
this ratio ranges from 0.6 to 1.3. A digtribution of mercury losses can be estimated as follows (CETEM,
1989) :

70% by voldilization during amagam didtillation (when retorts are not used),
20% dragged with the amagamation tailings and
10% volatilized in the gold shops when gold is melted.

2.3. Amalgamation Practicesin Venezuela

I had the opportunity to vist mining activities carried out by dredging (Caroni River) and mills (El Cdlao, Km
88, Ikabaru) and it seems that the mining and ama gamation methods used in Venezuda are not different from
those employed in Brazil.

Venezuelan miners and engineers have told me stories that, in the recent past, mercury was spread on the
ground in hydraulic monitor operations or introduced in duices. When a miner mixes mercury with ore in an
excavated pool, as is usud in hydraulic monitor operations, he hopes that mercury will grab the gold
immediatdy. A few miners dill believe that Hg moves through the ore pulp trgpping dl gold. In this case, the
losses of Hg are as high as 50% and the chances to collect gold are quite remote. Mercury flouring® occurs
and the effectiveness of amdgamdtion isvery low.

In this chapter, | report the main points related exclusvely with the amalgamation steps practiced a the mining
Stesthat | visted in the State of Bolivar. It is clear that the main causes of poor amagamation practices are as
follows

lack of information about mercury poisoning;

lack of technica support about how to do safe amalgamation;

lack of promotion of smple procedures to reduce mercury emission.

The Amagamation Centers are outstanding solutions to minimize emission, diminate mercury disperson,
control mercury use, reduce occupationa exposure and improve amagamation efficiency. This solution must
be promoted across the country.

2.3.1. Amalgamation in "Bajo" Caroni River
The Caroni River isa 640 km long tributary of Orinoco River, located in the State of Bolivar, in which about
70 km of the lower section of the river, so caled “Bgo Caroni” (lies between Guri dam and junction of the
Caroni with the Orinoco - see Fig. 1.1) has been subjected to mining operations since the end of the last
century. The “Bgo” Caroni River has a varigble width of 700 to 4000 m, an area of 15,000 km? and a
flowrate from Guri dam of 4800 n¥/sec (Bermudez et a., 1994). Until 1989, about 200 dredges were

* Mercury loses coal escence and small droplets are formed. This hinders Hg recovery after amalgamation.
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operating to extract gold and diamond from sediments of Caroni River. The dredges have used 8 to 14 in.
suction lines operating down to 40-45 m in depth (20 in water and 20 in placer) (Minproc, 1991). Some
dredges use suction nozzles operated by divers to pump the sediment up to the duice boxes. However most
dredges have cutter-head systems which hit a hard layer of sediment (crust of cemented gravel in a sandy
matrix of ferruginous materid) in which the gold is immediately below. The dredged materid is concentrated
on board usudly by using duices with rugs or mats. Jg and centrifuge are used by afew miners. Before 1991,
amadgamaion was peformed on board using copper plaes or smply adding Hg to riffled duices.
Contaminated tailing was returned to the riverbed. Loca sources (miners) have estimated that from 2 to 4
tonnes of mercury were discharged into the "Bgjo" Caroni before 1991.

The Caroni sediments are rich, with 0.5-0.6 ppm Au in the layer below the hard crust (capa) on riverbed.
The mgority of gold is coarse (- 0.8 + 0.075 mm) and expected losses by using duices are around 20% as
indicated by the Minproc (1991) study. Many barges in Caroni are using a high pulp dengity without grain size
classfication in the gravity concentration. So, losses as high as 50% can be expected. As fine gold represents
a minor portion of the sediment, the use of Hg in duices does not make sense. Amagamation of gravity
concentrates would be the preferred process.

Using the ratio HYeonsumed: Albroduced = 1, @0 indication about mercury losses may be obtained. Consdering
that the maximum production of "Bgo" Caroni before 1991 was 700 kg annualy and mining activities have
intensified from 1985, so about 5 tonnes of gold likely were produced indicating that about 5 tonnes of
mercury were discharged to the environment. It is important to comment that usualy 20% of mercury
introduced in the processislost when aretort is not used. Operations with mercury losses above 50% are not
frequent, but can occur when the whole ore is andgamated, i.e. when mercury is placed on riffled duices.
The mgor mercury loss occurs when amalgam is burnt in open systems (pans or shovels) to evaporate
mercury from amalgam. The second source of loss is attributed to amagamation tailings, i.e. Hg droplets are
dragged with solid waste. The third source of emisson occurs when residud mercury is released when gold is
melted. All mercury emissions can reach watercourses where methylation and biocaccumulation occur.

Copper plates were extensively used on barges of "Bgo" Caroni. Oxidation of the copper plate usualy
causes mercury droplets to be Eeased. These plaies are usualy dressed with a thin slver layer, which
improves the contact between mercury-copper. The plates are operated with a 10% dope receiving
auriferous ore pulp (10 to 20 % of solids) and amalgameation takes place when gold particles contact the plate
surface. The velocity of flow must be sufficiently low so that the precious metd particles can sink to the plate
surface and yet high enough that other mineral congtituents of the concentrate do not remain on the plate.
Amagam is removed (scraping) periodicaly and the copper plate has to be clean with nitric acid to receive a
new layer of mercury.

A new technology has been developed in Brazil to replace these copper plates. A thin coating of Hg is
electrolytically deposited onto a metdlic plate (the aloy compogtion is not disclosed by the manufacturer:

Goldtech Ltda)). Gold is captured and firmly fixed to the plate surface. No Hg loss has been observed. When
the plates are fully loaded, amagam is removed by washing with a plastic scraper. These kind of plates have
been successfully tested in Brazil to remove Hg from contaminated tailing (Veigaet d., 1995b).
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Until 1991, only 30% of the miners from "Bgo" Caroni understood that amagametion was more effective
when agpplied to concentrates and so they conducted their amagamation on shore (Minproc, 1991). Decree
1448 of February 14, 1991 and Decree 1740 of July 25, 1991 prohibited al amagamation activities on
board or on shore. Article 4 of Decree 1448 establishes that a plant using mercury must be subjected to
CVG inspection, i.e. daily sampling of tailing to evaluate the efficiency of the recovering mercury
device. The third article of Decree 1740 establishes that Ministry of Environment (MARNR) may provide an
authorization to whomever wants to use mercury properly. Based on a description of the tool to be used, an
authorization can be issued. A concrete consequence of these Decrees has been the creation of three
Amalgamation Centers and two Gold Processing Centers which process gravity concentrates from barges of
"Bgo" Caroni (Fig. 2.3). The following centers were visited:

- Amdgamation Center of PlayaBlanca- CVG
- Amagamation Center of Carhuachi - Rosita 1
- Amagamation Center of Santa Rosa- MAEL
- Processing Center of SantaRosa- CVG

The processing center of Rio Claro was not vidted. It works in the same way as the Center of Santa Rosa
CVG. No Hg is used and concentrates from barges are reprocessed in Gemini tables.

Pto. Ordaz

) | o

Fig. 2.3 - Location of processing and amagamation centers of "Bgo" Caroni
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The Amalgamation Center of Playa Blanca (CVG) was created and administrated by CVG-Tecmin. In
Playa Blanca there are 49 CVG-smdl mining contracts but only 46 barges were operating when | visited.
There are dso 28 medium-sze mining contracts with 27 barges in operation. Four technicians and one
engineer operate the center. They process 200 to 300 kg of concentrates daily. This produces about 1 kg of
gold daily. The center does not charge the miners and dl operations are visible. The owner of the concentrate
is the only person alowed to be present with the operatorsinsde the lab.

The miners usudly take 15 to 20 kg of concentrate to be amagamated in Playa Blanca. The amagamétion is
carried out in rolling barrels. The quantities of Hg introduced in the amagamation barrels are 200 to 250 g
which give a ratio Hg: conc = 1:100 which is the same as that used in Poconé, MT, Brazil in a smilar
operation. The amagamation time is usudly 30 min, which actudly avoids mercury flouring. A few grams of
S0gp are added to clean the gold surface of naturd fats and greases. After amalgamation, a mechanica spira
is used to separate heavy mineras from amagam. The excess mercury is removed by squeezing using a piece
of fabric. Amagam, that usudly contains 30 to 40% Hg is retorted in a building outside. There are four small
retorts with water condensers operated by a worker under the supervision of miners. A balance of mercury
used in the amagamation steps, like that shown in Fig. 2.2 in Brazil, was suggested to be done by CVG-
Tecmin to quantify the actual mercury lossesin dl amagamation steps.

The CVG-Tecmin introduced a Gemini table to give an option to miners to pre-concentrate their materia
before using the barrels (Fig. 2.4). The CVG was expecting to reduce the use of mercury, however the
reduction was not sgnificant snce middling is Hill very rich in gold and dso must be amdgameated. Typicaly,
Gemini tables reduce 10 to 20% of the amount of new Hg used in barrels. It seems that the Gemini table is
not worth since it increases processing time (45 to 60 min.) and gold on the table becomes exposed, which
definitely is unsafe. The Gemini table produces afind tailing which is stored together with amagamation tailing
(seeFig. 2.4).

According to an employee of CVG-Tecmin, the Gemini table aso works to check if the miner is usng
mercury on board. If amercury droplet is seen on the table, and if it has a dull luster, then it islikely mercury
that was dumped in the river before 1991. However, if the mercury lugter is bright, then thereis suspicion that
the miner is usng new Hg on board. Actudly, this "check process’ is quite questionable since old mercury,
that is in the riverbed, when concentrated with gold in duices would form amagam. Free Hg occurs when the
concentrate has alow amount of gold.

The efficiency of the Goldtech plates (metdlic plate with Hg dectrolyticaly deposited) was tested with asmdl
portion of the middling from the Gemini table, in the presence of a miner and CVG gaff. We could observe
the high recovery obtained in a short time with just a little (some drops) Hg added to the plate surface. Gold
was aso recovered from the find taling from the Gemini teble. A systematic study with the Goldtech plate
could not be carried out in front of the miners to avoid problems with CV G technicians, snce CVG slIs the
find taling to cyanidation plants in El Calao and Tumeremo. The CVG daff informed me that the materia
from the tailing depost (Gemini taling + amagamation tailing) assayed 65 ppm gold. No Hg assay was
avalable.
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Fig. 24 - Amagamation steps of Playa Blanca Center

Retorted gold is sold to Orinoco Bank which has a branch beside the CVG Amagamation Center. The bank
buys gold based on the officid exchange rate to buy US dallars which is 30% lower than the black market
price. In addition, retorted gold is 10% chegper than pure gold. Orinoco Bank workers conduct gold melting
in a gas furnace with a smple fume hood. No filter is available and resdua Hg (not extracted in retorting) is
definitely emitted to the atmosphere. Soil samples were collected around the CVG Amagamation Center and
Orinoco Bank to investigate the Hg level and digpersion of Hg. Unfortunatdly, Hg andysisis not available yet.

| estimate that less than 5% of mercury is logt in the amagamation steps and the main losses are due to the
following :

Residud Hg isreleased during gold melting (no filter or condenser).

The retorts do not have good clamps and Hg might be escaping by the connections.

The operation of the mechanicd spira is not smple and frequently mercury droplets are logt in the

amdgamdtion taling.

This last point actudly does not represent a source of emisson to Playa Blanca, sSince contaminated tailings
are sold, but this can represent a source d contamination in Tumeremo where cyanidation of these tallings
occurs. Gold cyanidation infrequently has good performance for associated mercury. So, cyanidation tailings
usudly dill have Hg.

Schulz-Garban (1995) defended her M.Sc. a Universidad Naciond Experimental de Guayana (UNEG)
about Hg levelsin ar and in urine of the operators of the Amagamation Centers of "Bgo" Caroni. Under the
supervison of Prof. Dario Bermudez, she andyzed high levels of Hg in urine (> 50 pg/l) in 30% of Playa
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Blanca operators. This characterizes occupationa exposure to mercury vapour. Limits based on European
Community assessments for total Hg in urine samples of workers are shown in Table 2.1 (OECD, 1974).

Table 2.1 - Limitsof Hg in urine

Hg (ug/l or ppb) SITUATION
<10 unexposed
10-50 quarterly exam needed
>50 remova from Hg source
100-500 dinica symptomslikely
> 500 dinicd symptomsvishle

The main source of exposure occurs when retorts are opened. The use of smple dust masks, as observed in
Paya Blanca, is not recommended by Stopford (1979). If used, these masks must be discarded after each
use to avoid prolonged contact of Hg condensed on the mask with the respiratory system. Accumulation of
Hg on mask cartridges is fast and s0 can actualy increase a worker's exposure when the mask is used
repeatedly. Masks with activated charcod cartridges are recommended with a restricted number of uses.
Contaminated work clothes can dso extend Hg poisoning to family members. Work clothes must be left in
the workplace.

The Amalgamation Center of Carhuachi (Rosita 1) belongs to the engineer Carlos Carles, who has
clams of Min. Energy and Mines. There are 20 barges operating in his clams and Mr. Carles has 20% of the
production of the commissoned barges. Three barges work with rotating drills (35 tonnesh), three with
impact cutters (23 tonnes’h) and fourteen with divers (12 tonnes’h). Mr. Carles owns two barges which use
dredges with cutter-head systems. His barges have an outstanding system to concentrate diamonds with jigs
and gold by duice boxes with carpets and a centrifuge (brand Hidrojet). This latter is a Brazilian conception
for the origind Knelson concentrator from Langley, Canada.

Carhuachi Center is an efficient center and the sarvice is free for the miners who work in his dams. The
production of Carhuachi Center varies from 2 to 4 kg of gold dally. The safety of the Center was recently
improved after an attack of armed men who stole dmost US$ 80,000 in gold bars. Different from the Playa
Blanca Center, the Carhuachi Center is alocked building. Concentrates are brought by miners from bargesto
the Center in locked buckets. About 10 to 15 kg of concentrate are amalgamated in a high speed blender
with 450 g of Hg and a bit of soap. The miner, who follows al steps performed by operators, can add more
Hg into the blender if he judges it to be necessary. The blender runs for only 1 min. The amadgamation
efficiency is checked visualy by the operator and miner who observe the consstency of the amagam formed
a the bottom of the blender. An dutriator is used to separate amagam from the heavy minera portion. When
the miner leaves the Center, this minera portion is ground in abal mill to liberate gold. New mercury is added
to the bal mill and an amdgamated copper plate traps amagam formed in the mill. A labyrinth of concrete
pools recelves tallings. Lime is added for a more efficient sedimentation of fine particles. Clear water is
recycled or discharged a pH 10 (Fig. 2.5). In the Center, there is a chemicad lab with a mercury andyzer (a
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Hg dedicated flameless atomic absorption) operated by a chemigt, to ensure that the effluent water has less
than 10 pg/l (ppb) Hg as required by Decree 2224 of March 23, 1992.
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Fig. 2.5 - Amagamation steps of Carhuachi Center

A cregtive solution to remove excess Hg from amagam without using the hand squeezing process was
developed by Mr. Carles. The amagam with excess mercury is transferred to a porcelain crucible, covered
with a piece of fabric on top and placed in a centrifuge, the same type used for concentrating gold. The
centrifuge runs for 1 or 2 min. and the resulting amalgam has less than 20% Hg. The amagam is retorting or
melted directly in agas furnace.

All hesting steps (retorting and mdlting) are carried out in an isolated room with a gigantic fan in the roof. To
avoid occupationd exposure, Mr. Carles built a smal fume hood on top of dl retorts to remove Hg vapour
that occasionally escapes. The fumes are conducted to a series of scrubbers with iodine solution and after to
activated charcod filters. The mdting furnace has a water condenser to remove Hg from vapour and various
smal scrubbers with potassum chloride and iodine solutions to guarantee that no Hg is emitted into the
atmosphere.

The find tailing, removed from settling pools, assayed 300 ppm Hg and 50 ppm Au (analyses made by Mr.
Carles). This is s0ld to a cyanidation plant in El Cdlao (Revemin) which pays 50% of the vaue of gold
content. Mr. Carles made atest of retorting dmost 500 kg of this material in a specia furnace. He obtained a
product with 1 ppm Hg (likdly lithogenic).

Mr. Carles reported that in the past, he extracted 0.56 g Hg per kg of concentrate processed in his Center.
Condgdering that a miner working in Mr. Carles’s claims produces 40 kg of concentrate per 1,400 tonnes of
ore treated in duice boxes, this gives 22g of Hg per 40-hour shift, or 0.02 g Hg/tonne of riverbed sedimert.
Assuming that the 20 dredges working in Carhuachi have processed between 450,000 to 500,000 tonnes of
ore annudly, then between 9 and 10 kg of mercury is recovered from the river annualy in this Center.
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A mass balance of Carhuachi Center was done by Prof. Bermudez from UNEG, University of Guayana and
PARECA, anon-governmenta organization. As contracted by UNIDO, they followed dl amagamation steps
in Carhuachi. As ordered by a miner, an operator used 450 g of Hg to amagamate 15 kg of concentrate.
More than 99% of Hg added was recovered. The mgjority of mercury recovery (70 to 82%) occurred when
excess mercury was removed from amagam by centrifuging. No mercury vapour was lost and 17 to 25% of
Hg added was recovered by condensing in retorting and 2 to 4% in the melting operation. The main Hg loss,
around 1%, occurred with the amagametion tailing.

These professonds dso tested a smal Goldtech plate (600 cn?) to extract mercury from eutriator taling
after grinding in the bal mill. From 14.5 kg of tailing, about 2 g of mercury were recovered in which 42% was
free mercury and 58% was amalgamated with 3.1 g of gold. The high concentration of gold recovered from
the dutriator talling, 214 g/tonne, showed both that high speed amagameation is not that efficient and alarge
portion of gold is liberated after grinding. The second effect islikely the predominant one.

A second test using the Goldtech plate was done with afind talling. This materia has dready passed through
a copper plate, but andyzed 467 ppm Hg. This high Hg concentration in a find taling demondrates the
inefficiency of copper plates to recover mercury. About 7 kg of this tailing was processed on a Goldtech
plate. About 0.8 g of free Hg (recovery of 25%) was retained on te plate, which corresponds to a
concentration of 114 g Hg recovered/tonne of tailing treated. More mercury certainly would be recovered
with a complete set of plates, but this quick experiment exemplifies the efficiency of this technique in clean-up
procedures. No sgnificant gold was recovered from the find tailing. Cyanidation plants likely regrind this fina
talling to recover, according to Mr. Carles, 50 g gold/tonne of tailing.

Beyond his team of experienced technicians and engineers, Mr. Carles counts on the constant support of an
environmental engineering company, Ameconguayana - Ambiente Consultores y Inversones Guayana C.A.,
which has the eng. Felix Led as his director. Detailed environmenta reports are issued by this company with
frequent andyses of Hg in sediments, water and fish of the Carhuachi cdlams. Mr. Led is permanently
introducing ideas and techniques to help Mr. Carles keep the high sandard of environmenta quality of his
Center. A Jerome Hg-sniffer, amighty ar andyzer, is being acquired to check the possibility that miners are
using Hg on board their barges as well as to check for Hg leaks in the heeting system (retorting and gold
mdting).

Schulz-Garban (1995) analyzed high® Hg levels in air® of Caruhachi Center (up to 2000 pg/ms) when retorts
are opened, but decreasing to background levels after thirty seconds. All operators have shown levels of Hg
in urine higher than 50 g/l with an average of 357 pg/l. This diagnoss, made in July 1994, encouraged
improvements in the lab. Recently, a mighty ventilation sysem was introduced and dl operations are
conducted under fans. The operators use plastic gloves, uniforms and speciad masks recommended for Hg
Vapors.

® background in cities Hg: 0.01 pg/m?
limit for public exposure: 10 pg/ms
limit for industrial exposure: 50 pg/m?

®*Thetotal Hg content of the air over non-mineralized areas appears to be between 0.002 to 0.009 pg/m?
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Carhuachi Center demondirates that it is possble to handle mercury safely with a negligible level of Hg
emisson. Mr. Carles is dways looking for new developments and his center should be used as an example
for creating other smilar centers across Venezuela and South America.

The Amalgamation Center of Santa Rosa (MAEL) isdso aprivate lab that receives concentrates from 9
barges of smal miners and 19 barges of medium dredging operation. The Center is operated by Inversora
Mad C.A., which has Mr. Ramén Torres as its Director. The amalgamation process in Santa Rosa and Playa
Blancaare dike. Theratio of Hg:concentrate around 1:100 is used (Fig. 2.6). The amagamation cylinder runs
with 20 to 25 kg of concentrate for 15 min. and amalgam is separated from heavy minerds in a Johnson

drum. They dso have a retort with a water condenser working outside the lab. A fume hood with a water
shower is placed above the gold melting furnace. It is a precarious process but better than nothing and

definitely some Hg abatement occurs. The Center is located insde a cage and miners can see dl operations.
There are an average of 20 amagamations weekly and they charge 6% of gold recovered when the materia

to be andgamated is atailing (e.g. from Santa Rosa CVG - processing Center). MAEL charges USS$ 25 for
a 25 kg concentrate processed. Tailings are sold to be reprocessed. In spite of recycling, the Center has
consumed 1 kg of Hg every four months. Metalic mercury is difficult to acquire and MAEL pays US$ 41/kg
which isamog 6 times the internationd price.

Schulz-Garban (1995) andyzed the urine of two workers of MAEL Center and only one had Hg higher than
50 pg/l. During retorting operations, Schulz-Garban andyzed 22 pug/m® in air (1m from operator's nose) with a
Jerome Hg-sniffer. When retorts were opened, this level increased to 250 pg/me but after 40 sec., the Hg
concentration in air returned to the background leve.

On June ¢, 1995, the hydroelectric plant Macagua 2 started to flood the region to make a new reservoir.
The MAEL Center was to be discontinued. However the water level did not reach the lab and the Centre is
il operating for a few miners. Mr. Alexandrino Nogueira, a geologi<, director of ajunior company Cadres
Resources, has 9 clams on the river (3800 ha). He rents barges and has 20% of the production. All

concentrates from his claims are still being processed in MAEL at a cost of US$ 25 per bucket of 25 kg of
concentrate.
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Fig. 2.6 - Amagamation steps of Santa Rosa (MAEL) Center

About 500 kg of amagamation taling, aready processed in a Knelsontype centrifuge, were disposed in
plastic buckets to be sold to Revemin, a cyanidation plant in El Cdlao. We tested the Goldtech plate to
process 33 kg of thistailing. About 0.4 g gold and 2.6 g of mercury were extracted, representing 12 and 80 g
of Au and Hg recovered respectively per tonne of tailing.

Another pile of tailing disposed in the backyard of MAEL lab (about 500 kg), contaminated with Hg analyzed
54 ppm Hg in the atomic absorption spectrometer of CVG-SIDOR.

The Processing Center of Santa Rosa (CVG) was another center close to the MAEL lab which
processed concentrates from barges working in the Santa Rosa sector of Caroni River. This center competed
with MAEL and its services were free of charge. Differently from other amalgamation centers, this processng
center was created to generate Hg-free operations. Two Gemini tables processed concentrates from barges
to produce a gold-rich concentrate and a gold-rich middling that was amadgamated in Playa Blancaor in the
MAEL lab. Gold concentrates from Gemini tables were melted in the Site or sold to the Orinoco Bank in
PayaBlanca

The urine samples of four technicians from Santa Rosa - CVG were anadlyzed by Schulz-Garban (1995)
showing that one worker had Hg higher than 50 pg/l. During gold melting operation, this author andyzed 120
pg Hg/n® in the air (1 m from the operator's nose). This was explained by the fact that severd gold specks
are dready amalgamated in the riverbed or preferentialy, amagamation occurs on the duice boxes when Hg
droplets and gold particles from sediments are concentrated. Thisis aresult of the extensve use of Hg in the
barges before 1991. The Santa Rosa- CV G lab has now been discontinued and the arealis currently part of a
hydroelectric reservoir.



33
A sample of the find Gemini table taling was collected by Prof. D. Bermudez (UNEG) and andyzed by
CVG-SDOR. The Hg levd, 2.8 ppm, is ill high.

2.3.2. Amalgamation in El Callao
El Calao is located in the Northeastern part of the State of Bolivar, 150 km distant from Ciudad Guayana
Gold was discovered in El Calao in 1865 and in 1870 a company was established to produce gold. In 1970,
CVG incorporated a company, Minerven, which nowadays has a cyanidation plant with capacity of 700
tonnes of run of mine.

There are thousands of manua smal miners in El Cdlao excavating the hills. Mogt of them are illegd. The
amadgamation process is performed by "moliners’ who are owners of plants which usudly have three or four
lines with jaw crushers, small hammer crushers (capecity of 5 tonnes’h) and duices with carpet. In El Cdlao,
there are 40 "moalineros’ and each one produces about 1 to 2 kg of gold daily. The "molineros’ receive the
ore brought by miners in bags of 50 kg and proceed with comminution, concentration and amalgamation. The
amount of gold produced from each bag variesfrom 3 to 20 g. So, the "moalineros’ conduct anagamationin a
pan and burn amadgam in a shovel. They bdieve that by burning off mercury in a shovd, the vapours are

dispersed repidly.

We have taked to a"molinero”, Mr. David Mgias who recently logt his brother with mercuridism symptoms.
According to Mr. Mgjias, his brother died due to kidney problems, breathing deficiency and swollen heart.
As Mr. Mdijas was teling this story, his heper was burning andgam in ashovd. At this point, he sad: from
now on | will be inside of my office when amalgam is burnt. He has never seen a retort and no
environmenta or mining inspector has ever given him technica advice.

The "molineros’ charge the miners 10 to 20% of the gold produced and dl talings (primary and
amadgamation) become the property of the "moalinero”. Talling is sold to the cyanidation plants in El Cdlao.
"Molineros' do not make effort to recover much gold in the first gravity process. Actudly the poorer the
concentration process, the better for them. The man profit comes from talings. Severa "molinercs’
expressed interet in inveding in a large plant with bal mill, gravity circuit + flotation and cyanidation to
reprocess tailings.

ore + water

tailing — | COpper

+—= lagoon
(discharged by overflow) plate o
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(discharged every 8 hours) ning Burning |— gold
amalgamation Hg lost
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Fig. 2.7 - Amadgamation with Muller pan used in El Cdlao
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Another amalgamation system observed in El Calao was the use of copper plates at the end of the hammer
mill lines. The low efficiency of this process was commented above. Abrasion of the mercury layer of the
copper plates was visble. A better result with a Goldtech plate was demongtrated to a "molinero”. Fine
particles of gold were collected, less Hg was employed and practicaly no Hg was lost. However, it was
sressed that these plates are more effective to amalgamate concentrates than the whole ore. Another
"molinero” used a Muller pan manufactured based on a Chilean design. This equipment had afixed bowl and
avery heavy cast iron whed (diameter of 2 m) which run over a mixture of ore-pulp and mercury. The ore
was fed manudly. The amount of ore ground was very smal (0.5 tonne/h). Taling was discharged by
overflow and an amagamated copper plate worked as a scavenger for fine gold particles which were not
amagamated. A smdl lagoon received contaminated tailings from this and other operations. After 8 hours, the
whed stopped and amalgam was removed to be washed in a pan. Amalgam was burnt in ashove (Fig. 2.7).

The amagamation processes used in El Calao were copied by other miners in the Eastern and Southeastern
part of the State of Bolivar. In km 88, the concentration and amagamation process use smdl hammer mills
and duices with carpets. Mercury is introduced after grinding the ore, i.e. before ore concentration in duice
boxes. Losses of mercury can be as high as 50%.

2.3.3. Amalgamation in Ikabaru

Ikabaru isasmadl village (6,000 inhabitants) in the Southeast of State of Bolivar near the border of Brazil. It is
120 km from of Santa Elena de Uiarén which is the main city of the municipdity of Gran Sabana and an
important point for commerce between Venezuda and Brazil. Diamond was discovered in Ikabaru by an
explorer cdled Carlito Fernandez in 1940. He came from Manteco (near El Callao) and created the Ikabaru
village. Until 1975, miners did not pay attention to gold, only diamond was mined. An Association of Miners
(Asociacion Cooperativa Mixta Mineros de Ikabaru) is the main locd inditution to control 954 members with
5 MEM cdams and 4 CVG contracts. About 20% of the miners are illegd in the area because the CVG
contracts were not renewed, but the miners are il paying taxes to CVG. The totd area of clams is 5,000
ha. The Association comprises 50% of the minersin the region. They produce between 30 and 50 kg of gold
monthly, but the total production of the region is estimated in 100 kg/mo.

In the past, 80 barges have worked in the Uigparu River from the confluence of Ikabaru River up to Hacha
River (30km). Today less than 10 barges are in this dte. In 1990, most miners started operations with
hydraulic monitors.

Amadgamation in the barges has occurred with the use of Hg in riffled duice boxes. In 1991, the useof Hgin
riffles ended with the introduction of carpets and amagamation Sarted to be done on shore with pansin small
pools excavated on the ground. The practice of burning amagam in a shovel is widely accepted. No retort
was observed.

A locd miner, Mr. Luis Yoshida has a5 ha clam obtained from the Association of Miners. He extracts gold
from old tailings usng a tractor (Caterpillar 977) and a hydraulic monitor to send the clayey materid to his5
m duice lined with carpet. The pulp dengty is about 30% solids and there is no grain Sze classfication. The
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duice becomes obstructed with large pieces of rock and the gravity concentration efficiency is very low.
Tailing is deposited in an old open pit. Luis showed me an old organic layer extracted from the soil above this
pit. He intends to use this organic matter to cover the tailing pond when it becomes full.

From 1000 tonnes of tailing reprocessed in his duice box, Luis has extracted 403 g of gold. No fine gold was
extracted. Nuggets as large as 1 cm were deposited at the bottom of a box placed to receive ore from the
pipeline before concentrating in the duice. | could observe that most gold recovered by Luis was dready
amdgamated. Likely the amagamation occurred in the riffles of the duice box, i.e. mercury was free in the
talling and, asit isas heavy asgold, it is concentrated in the duice together with gold specks, giving the illusion
that the gold was dready amagamated in the taling. Luis hand-picked al nuggets and specks on the duice
surface in a5 hour operation and amagamated the rest of the concentrate. | split the concentrate into two
parts and he amagamated a part in a pan and | amagamated another part on a smal Goldtech plate with no
mercury. | used the existing Hg of the concentrate. | spent 5 minutes and he spent 1 hour. No Hg excess was
vigblein my taling. | removed with the plate dl of the Hg from histailing.

Better gold recovery could be achieved with smple changes, as shown in Fig. 2.8. | |eft a draft of this gold
concentrating plant with the Association. The ore would be extracted by excavators and transported by
trucks or by hydraulic monitors. A jig would concentrate gold nuggets and diamonds as dready takes placein
severd smal concentrating plants in Tkabaru (Mr. Jesus Guaregna has a jig and duice). The jig talling is
discharged if no coarse gold exigts. At this point, it isimportant to know how the gold is digtributed in the ore.
Simple lab tests can indicate how much gold is free, how much isfine and how much hasto be liberated from
quartz fragments by crushing or grinding (Veiga, 1989; Veiga, 1992; Soares et. d., 1990).

The following steps can help increase gold recovery. Talling from the jig is dassfied in an 1 or 2 mm screen.
Hydrocyclones could be used but in this case the water pressure should be controlled. Coarse materid, larger
than 1 or 2 mm, would be crushed in a hammer mill with interna screen of 1 or 2 mm. This materid goes
together with the tailing from the jig to a entrifuge, as used in Poconé, Brazil (see Fig. 2.1). Every 6t0 8
hours of operation, 60 kgs of concentrate are discharged from the centrifuge to be amagamated in an
Amagamation Center that could be operated by the Association of Miners in the village of Ikabaru. Tailings
from the centrifuge could pass through a duice which would work as a scavenger. The find tailing goesto a
dam that, when full, is submitted to a revegetation process. If gold concentration is ill high in the find tailing,
kel mills must be tested to improve gold liberation from quartz particles.
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Fig. 2.8 - Suggestion for a concentration plant in Ikabaru

In Ikabaru, there is a shop which has been building jigs and other pieces of equipment. Centrifugesare sold in
Brazil (Hidrojet, Famag, MacKnelson) and the price is around US$ 4000 per unit to process 32 tonnes of
solids’hour. This equipment as wel as hammer mills can adso be built by the local mechanics of Tkabaru. All
these suggestions for improving concentration efficiency must be discussed with MEM, MARNR and

National Guard to avoid future problems.

The Nationa Guard has the duty to confiscate equipment from miners who use inappropriate methods. An
engineer of MEM (Ministry of Energy and Mines), Mrs. Elviamari Acosta, reported to MEM that she has
seen members of the Nationa Guard making use of seized equipment to extract gold for themsalves. Nothing

happened to these individuals.
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3. Mining and Mercury: Factsand Fantasies

"As thereis no orientation to miners, the transfer of news about mercury
islike a rotten onion: it is going from one hand to another™
Ivo Lubrina, aminer leader

3.1. Mining: The Phantom of the Opera

The image of mining as an enemy of the environment is being spread throughout the world. Recently, in
Canada, the biggest copper deposit ever discovered in North America, Windy Craggy, could not be
exploited because severd individuas gave the fase impression to society that mining activities are destroying
the planet. The Canadian society will not have the benefits of the jobs and taxes. Studies of underground
mining, underground tailing disposal and water reclamation did not help the property owners and the British
Columbian people must now pay compensation to the mining company.

The idea that mining activities deliberatdly degrade natural forests is often tranamitted to the public. The latest
Wit Disney cartoon, Pocahontas, which was supposedly an "environmentally correct picture”, highlighted the
negative agpects of mining. In the movie, miners are villains who destroy trees, lands and native cultures.
Unfortunately, as the colonization of the Americas was based on natura resources, confrontation with natives
had tragic consegquences. This happened 150 years ago. The basic infrastructure of developed countries is
now fully-developed and consumption of metas per capita is declining. However, mining represents a
sgnificant way to supply basic raw materids and is dso ill area economic option for developing countries.
Western North America was colonized and developed by artisand miners and it took four generations for
them to become indudtridly organized. Nowadays, they know how to conciliate mining with the environment.
North Americans are not ashamed of this heritage. There are thousands of books and movies telling proudly
gories of American pioneers who were miners and adventure-seekers. So, the message of Pocahontas is
very lyricd but definitdly does not contribute to find a solution to harmonize three important components for
developing countries: natura resources, development and environment.

Artisand mining activities are trangtory and there are only two options for miners: to grow or disappear. The
junior companies in North America were cregted to play an important role in this trangtion. This companies
raise financia support in Stock Exchanges to be applied to geologica exploration programs. Investors know
that a junior mining company works with high risk and low invesments (Fig. 4.1), but the profit can be very
high in the case of finding alarge minerd deposit. A few junior companies in South America arted to acquire
properties from informa miners or have associated with them to do exploration work. At this point, the
investments are low, mainly in geology, geochemidry, geophyscs and drilling. This can reach a few million
dollars. When ore reserves are established, the risk is reduced and the investments increase to tens of million
dollars, which is the sort of business that attracts medium and mgor mining companies. Usudly, the generd
public does not understand this evolution of the mining business and believe that the only protagonist of this
scenario should be the large companies which know how to sell the image of progress and development with
environmenta concern. The modern way in which large companies conduct business in North Americais to
use junior companies as alies to reduce the cogts of prospecting and exploration. In Canada, there are many
examples in which tens of junior companies sarted the exploration activities but nowadays only one company
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is producing gold in the dte. However dl junior companies have shares of this company. Everybody
succeeds.

Investments
Risk
Informal  Junior Medium Major Time
Miners
Discovery  Geologicd  Mine Production
Exploration Development

Fig. 3.1 - Evalution of amining busness

In terms of development, South American artisand miners are like the North American pioneers. Miners
occupied remote areas, established villages, discovered ore bodies and currently they represent a way to
defend the frontier areas. But, not infrequently there are conflicts of cultures (with natives and farmers) and the
gypsy characteristics of gold seekers sometimes leaves behind promiscuous communities, poverty and
devagtation.

For instance, nowadays Brazilian authorities are facing a big chdlenge. As dluvid ores become exhausted,
miners are leaving mining stes. Without technical and socid support, the artisanal miners cannot extract
primary ore and they are condemned to be beggars in the large cities or to become loggers.

There are examples in which organized mining operations are defending the tropica rainforest. Cargjas mine,
the world's largest iron ore producer (40 million tonneslyear), is located in the middie of the Brazilian
Amazon, State of Para. The mine area comprises of 1.2 million hectares of virgin forest and less than 6,600
ha is taken up by the mine, plant and resdentia townsite (Santos et d., 1995). All rainforest outside of the
mining area has been destroyed by cattle farmers.

3.2. Brazilian Fantasies

Nowadays, the Guayana Region is living a Smilar Stuation that occurred ten years ago in Brazl: dluvid

materid is rich and abundant, the economic Stuation of the country is hard, the use of mercury is widdy
promoted and the first Signs of methylation and bicaccumulation are appearing. The reaction of the dominant
society about informa miners is naturdly biased and the environmenta speech of the ecological groups has
used mercury as a form of attacking miners. However, many environmentaists did not have clear knowledge
about mercury toxicity and its transformations in the environment, and so not infrequently they are surprised
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by theatricd performances of miners with the intent to embarrass ecologists. A classica episode tha
exemplifies fact happened in 1987, in Brasilia, when José Altino Machado, a miner leader, took a via of
metalic mercury from the hands of an ecologist and ingested dl in front of TV cameras to show that mercury
isinoffensve. In afurther interview he declared (Barbosa, 1992):

"... the mercury we employ is inert: it is the same as that in teeth, the same that old people used to
cure constipation; it goes in and goes out of the organism. There is no relation with the mercury in
Japan (Minamata)... It does not mntaminate. Even "garimpeiros’ who inhale mercury vapours, they
are not poisoned... We will measure mercury levels in the waterways. | challenge someone to show me
a person, just a person, contaminated by mercury in the Amazon... The point is, as they (ecologists and
government) cannot do anything against a citizen pursuing a better way of living, they make up this
story of river pollution and shut down all "garimpos'. These ecologist "boys" do not realize they are
being used as political instruments™

Mercury has been an interesting wegpon to attack informa miners adthough little knowledge about its effect
was understood by the accusers. Another example is an interview of arenowned ecologist and anthropologist
Maria Manuela C. Cunha to an important Brazilian journd, "Ciéncia Hoje, v.11, n.64, p. 68-72", in 1990,
about the invasion of Yanomami land by "garimpeiros'. The anthropologist declared:

"... all preserved areas in the Amazon belong to natives. | have seen satellite images and it is possible
to distinguish between native areas and mining areas. In the Yanomami land occupied by
"garimpeiros’, the colour of the creeks calls attention; thisis caused by mercury contamination of the
water..."

Despite her obvious "limited" knowledge on how to interpret satdllite images, this anthropologist did Sate one
useful and important fact in her interview: based on rumors about mercury, people in Boa Vida city, State of
Roraima, were no longer drinking tap water and were afraid to et fish.

The frightening term "methylation” changed the image about mercury. How methylation hgppens and how it is
measured was another mystery and a taboo to be addressed and discussed only by a selected dite. In some
cities in Brazil, fish consumption declined and minerd water started to be a good business. The media has
created panic ingtead of derting and providing solutions for affected communities.

Concern for the environment began to enter into the speech of the Brazilian miners in the 90s as a way to
address the harsh criticiams. In 1991, Ivo Lubrina, presdent of the Amazonian Union of "Garimperos' -
USAGAL declared in an interview (Lobato and Barbosa, 1992):

"Thanks to radio and TV, "garimpeiros’ are concerned now about mercury, but they don't know
exactly why. As there is no orientation from government or technical people, everything continues as
before. | would say that the transfer of news among "garimpeiros’ is happening like a rotten onion: it
is going from one hand to another™.



3.3. Venezuelan Fantasies

According to many people in Venezuda, dl mining operations should be discontinued in Guayana, to be
replaced with ecologica tourism. However, the accusers do not understand the importance of mining and
metdlurgicd activities to the region's economy or the extent of the environmenta impact caused by mining
operations. The loca press is dso patidly respongble for creating many fantases which result in
misunderstandings. | have heard so many sories in Guayana, that | congder them significant examples of the
public opinion about mining and mercury. The lack of information is clear in these episodes. | would like to
report them with an impartid opinion.

Episode # 1:

The Governor of the State of Bolivar has formulated a Plan of Territory Organization in which he expects to
designate areas for dl activities based on loca resources. This Plan, establishes that no mining activity (which
represents 90% of the municipaity economy) can be carried out in the Southern part of the State where the
s0il is sandy, poor of nutrients and mining is a tradition of more than 50 years. Miners will be removed to
other regions of the State. | have heard in seminars and newspapers that sediments and mercury have silted
up Guri dam in such a way that 8% of its lifetime is lost. With this argument, the Plan of Territory
Organization intends to establish in the Southeastern part of the State a National Hydraulic Park to protect the
caichment area of the Caroni River. The environmental impact of hydroelectric reservoirs as well as the fact
that those inhabitants do not have another way of living have never been questioned.

The Caoni River has a huge hydrodectric potentia with a fal of 1m/km. The Guri hydrodectric plant,

inaugurated in 1968 and enlarged in 1986, has a capacity near 10,000 MWaitts. According to EDELCA, a
CVG company in charge of dl hydroelectric developments in Guayana region, in 1982 the suspended particle
flowrate that was reaching the Guri reservoir (4,300 knm?) was 4500 tonnes/day. In 1993, after the find

impoundment of 1986, the flowrate increased to 10,500 tonnes of sediments daily in the river. Just part of this
was entering Guri. Likely, deforestation followed by river margin erosion is the main cause of increased water
turbidity. With this flowrate of sediments, the deed volume of the Guri dam would befilled in 2112 years.

The Caroni River has less than 0.05% of particles smdler than 0.09 mm. These fine particles settle down
within a distance of 140 m from the source (e.g. barges) (Bermudez et d., 1994).

Mercury is associated with fine particles as a result of adsorption. Adsorption actualy can reduce
bicavailability (Ferreira and Veiga, 1995). The sediments of "Bgo" Caroni were studied by Minproc (1991)
and Bricefio (1989). These studies aso confirmed that the fine particles (<0.043 mm) represent less than
0.05% of the sediment mass. The high concentration of Hg in the fines (as high as 19 ppm) is a predictable
result. No study about Hg desorption or biocavailability from sedimentsis available.

Barges from lkabaru, working in an affluent of the Caroni River, were blamed for slting up Guri. With this
argument, ecologigts, press, and politicians have moved the public toward the opinion remove all miners
from Ikabaru to save Guri. Even for alayman, it is hard to believe that barges which are located about 600
km from Guri are contaminating the reservoir.
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Episode # 2

| had the opportunity to give a lecture in the 12th Venezudan Congress of Botany, in Ciudad Bolivar mn
March 22, 1995. In this meeting an ecologist, stood up and declared that informa mining activities have
aready impacted 50% of the State of Bolivar. His speech was followed by an enthusiastic ovation.

In CVG-Tecmin, with Mr. Fdix Fermin, Dept. of Mining Operations, | obtained the actua numbers. The total
area of clams granted for medium and large mining is 1,397,723 ha or 5.8% of the State area and for small
mining the area of clamsis 142,444 ha (0.6% of the State of Bolivar). These areas are daims reserved for
geologicd exploration. This does not mean that the whole land is or will be impacted by mining. For example,
based on sadlite images, CVG-Tecmin estimates that 6300 ha are impacted by smal mining activities (or
0.03% of the State). Usudly alarge organized mining operation impacts less than 2 % of the land surface by
open pits, housing, shops, roads and tailing ponds.

Episode # 3

In Ciudad Guayana, a reporter from a loca newspaper told me a ory that a physician who lives near the
Guri dam opened his water tap and had many drops of metalic mercury. He ingsted in the veracity of this
story and had interviewed the physician who confirmed the fact. He did not show me the recovered mercury
or his tgp. Discussng the concept with this reporter, | asked him if he redly believes that mercury, being a
heavy meta, could flow through water pipes to reach a tap. He answered that he is not an expert and so, he
cannot evauate this phenomenon. This is a clear indication that he thinks thet mercury is a taboo that cannot
be discussed by ordinary people. So, actudly he transmits this incorrect image to the public cresting more
mydtification and hyderia

The generd public does not have any idea about other sources of mercury emisson. In fact, mercury from
mining is the only one physcaly observable. This does not mean that the miners are not guilty of irresponsible
acts but there are many other sources of mercury emissons which are not visble to the public and had
harmful effectsin bioaccumulation, as well.

Episode# 4

The Venezudans consder "garimpeiros' as dl illegd miners from Brazil who are invading Venezuda Thereis
an evident feding of antagonism, since the Venezuean people believe that the "garimpeiros’ are resporsible
for dl land degradation. A famous band caled "Carota, Nema y Tg&' has recorded an abum called

"Garimperos'. The main hit on this dbum is cdled “Garimperos’ and the song says that the "garimpeiros’
are destroying the Caroni River and stealing the resources from Venezuela and insnuates tha the
Venezuelan Government provides al fadilities for this activity. This song compares "garimpeiras’ with guerrilla
fighters or activists and indtigate the Venezuelan people to send them to the gates of the hell !

Diplomatic problems are being created between Brazil and Venezuela due to the presence of amost 10,000
Brazilian miners in the State of Bolivar, according to an officid source. The image of the Brazilian miner is
quite good among Venezudlan miners. They consder the "garimpeiros’ hard and experienced workers. An
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unofficia source hastold me that, nowadays, less than 10% of informa minersin State of Bolivar are Brazilian

"garimperos'.

Episode # 5

In Ikabaru, a genera from the Nationd Guard commented that he has studied all his life, he went to the
University and a barefooted miner, who has an easy life, is "stealing” precious minerals from his
country. Thisis a common idea of the public. The mystique of gold and diamond mines are in our fairy taes
as a romantic way to get rich easlly and quickly. This is not true. There is a fase impresson in Venezuda
about mining activities. Somehow these are not seen as an important developing option for frontier
communities.

Episode # 6

A researcher from a renowned Indtitute of Caracas has visted a Center of Amalgamation in Santa Rosa
together with other locd authorities and politicians. To impress the locas, he Sarted a scary narration about
mercury poisoning. Catching a smal frog on the floor, he said: this poor frog died by the deadly fumes of
mercury. At this moment, under indignation of dl, the smal frog jumped and ran away.

Thisis aVenezudan verson of the episode in Brazil in which a miner ingested mercury. Researchers assume
elitist postures which enlarge the distance between science and ordinary people. Mercury is frequently used
as atechnocratic villain for this purpose (see Fig. 3.2).

Episode# 7

To reinforce my viewpoint, another episode happened with a student from the University of Oriente, Ciudad
Balivar. She came to my office to interview me about mercury pollution from gold miners. She had a biased
opinion about mining and she was told by her teacher that mining is the most environmental impacting
indudria activity. She has dready started her research with an opinion that mercury and mining are destroying
the State of Bolivar. She had never been to amining site. | took her to Caroni River to vigt the barges and an
Amagamation Center. Curioudy, in three months she will graduate as a Mining Enginesr.

Episode # 8

A highly positioned employee of the Ministry of Environment (MARNR) showed me the confluence of Caroni
River and Orinoco River. At this point, he commented that a miner was requesting a license of MARNR to
bring his dredge to this Site. The request was supported by environmental studies. As the riverbed sediment
has a low amount of fine particles, rgpid sedimentation is expected. The MARNR worker told me that this
request was not acceptable snce the site should be consdered a historica landmark. Suddenly, | observed
that two huge ships were loading iron ore in two harbours in the Caroni ddlta, to export through Orinoco
River. In addition, Orinoco is a white water river and transports 400,000 tonnes/year of natura suspended
sediments.
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The intricate thought process involved in this episode is clearly smilar to the case of the generd. The smple
fact that a miner wants to make money in a public Ste under the eyes of al drivers who cross daily the bridge
over Caroni River, gives the impression that thisis an easy way to get rich rapidly and the miner is "seding” a
public asset - gold. Surely environmental concern is needed, but with logic and criteria

3.4. Approachesto the Mercury Problem

Different gpproaches have been gpplied to the Hg pollution problem in South America, but with low
effectiveness. The following approaches can be identified :

Armed

Legd

Ecologicd

Educationa

The use of armed force has been goplied in many episodes in Brazil and in Venezuda, when miners
threatened indian cultures, or ecologica parks or companies leases. These measures have shown temporary
effects because miners are dispersed. So, they have dways returned to their illegd activities.

The legal gpproach to atisand mining has been tried by adminigtrators and legidators. Little technical
improvemernt has been observed, but formation of unionsis an important sep in organizing this activity. Legd
contral is dso hindered by depletion of easly exploitable gold in a Ste with subsequent movement of miners
to other areas. The lack of trained ingpectors and truthful enforcement is another difficulty to implement
effective control of miners.

Venezuda has used the legd gpproach to combat mercury pollution. There are a number of Decrees and
some of them are controversid or poorly written. | asked a lawyer in Caracas, if somebody can be sued for
emitting mercury to the atmosphere and watercourses. He answered me that definitely a mercury emitter can
be prosecuted. However | showed him that the “Ley Pena del Ambiente’, Decree 2225 of April 23, 1992,
reviewed in May 1995, permits a chlor-akdi plant to emit to the aamosphere 2.3 kg of mercury dally. This
means dmog 800 kg of Hglyear. So, can a miner emit this level of Hg as well ? Thisis an example of the
ambiguities with the legd gpproach which is not enough to stop the mercury impacts caused by informd
mining activities.

As this leve of Hg emisson to the atimosphere seems high, | investigated the literature about the levels of
mercury emissons from chlor-akali plants in Japan, Swveden and Canada.

Mercury is used as the cathode of the NaCl or KCl solution eectrolyss. During dectrolyss, while chlorineis
produced a the anode, a film of mercury passes through the cdl forming an amagam with metdlic sodium
produced by eectrical decomposition of the brine solution. Sodium hydroxide is obtained from this andgam
in a decomposer reactor which controls the reaction of sodium amagam and water in the presence of a
grephite catalys. The akdi liquor obtained is highly pure with less than 0.05% of foreign anions and can
achieve concentrations of 75% akai hydroxide, depending on the equipment and technology used.
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Diaphragm cells are replacing mercury cells in order to reduce pollution and save on energy per tonne of
product (up to 15%). The cathode, in this case, is made of an iron plate separated from the anode by a
permesable layer of asbestos (Jones, 1971; Nriagu, 1979).

In 1976, the Japanese chlor-akadi plants had losses of mercury to the environment of around 1.5 g Hg/tonne
of caustic soda produced. For a production of 100,000 tonnesyear, the Hg losses expected was 150
kglyear. In 1974, a Canadian plant lost 443 kg Hglyear for a production of around 60,000 tonnesly (Buffa,
1976). Nowadays aimost dl of chlor-akai plantsin the world are converting mercury cdlls to digphragms.

In Canada, on July 1, 1978, the Chlor-akai Mercury Nationd Emisson Standards Regulation were
promulgated to limit the amount of Hg emitted to the ambient air by a plant. These regulations limited mercury
emissons to the following (McBeeth, 1985):

(8 5 grams per day per 1000 kg of rated capacity of chlorine, where the source of mercury is the ventilation
gases exhaugtion from cellrooms;

(b) 1 grams per day per 1000 kg of rated capacity, where the source of the mercury is the hydrogen gas
sream originating from denuders,

(c) atota of 0.1 gram per day per 1000 kg of rated capacity, where the source of the mercury is the
ventilation gases exhausted from end-boxes and tanks; and

(d) 0.1 gram per day per 1000 kg of rated capacity, where the source of the mercury is the gases exhausted
from retorts.

The tota amount of mercury emitted into the ambient air by a plant from sources noted above shal not
exceed 1.68 kg/day. Mercury losses can be reduced to levels lower than 1g Hg/tonne of chlorine produced
as demondtrated by Swedish plants (Nelson et a. 1971). The Canadian Fisheries Act in March, 1972 and
revised in duly, 1977 dipulated that liquid effluents from plants may be deposited in waters frequented by fish
if the quantity does not exceed 2.5 g of Hg per tonne of a plant's reference rate (mean of the actud daily
production of chlorine during the previous 3 months, excluding days on which there was no production). This
rate is around 0.5 g Hg/tonne Cl, (McBeath, 1985). It seemsthat the Venezuelan Decree permits emission of
avery high leve of mercury for amodern chlor-akali plant working with Hg cathodes.

The ecological gpproach comprises warnings and denunciations made by environmentalists and research
groups. They invedtigate the level of Hg pollution in the environment to sound darms. It is an important
measure, but few suggestions to stop emissons and to mitigate highly polluted areas have actudly been
generated. In addition, the decison-making people do not have access to or understanding of the technica
results of academic researchers. As each segment of the society has a different gpproach to mercury
pollution, a complex relationship between professonds is derived. The genera public cannot understand the
sngularity of this issue and fear is aways resulted (Fig. 3.2). The press, which is usudly the courier of
information, frequently islooking for sensationalism instead of reliable advice.
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Only afew educational measures have been applied to the mercury problem in Venezuea. Few attempts by
technical people to dert the miners and provide options for handling mercury have been done. The amount of
budget and effort spent in this method were certainly lower than those of other approaches.

Researchers
Health Care m N
Workers ™S\ Fsat = o+ Puliticians
Public
Ecologists . ead
Miners

Fig. 3.2 - Mercury pollution has different understanding by different ssgments.

One of the greatest difficulties in reducing mercury emissions and recognizing dangerous Sitesis the scarcity of
experts cagpable of trandferring knowledge to people who have frequent contact with miners. A multi-
disciplinary approach is needed; one which can ded with field observations as a preliminary step for rgpid
evaudion of the pollution extent. Aswell, Smple procedures can reduce mercury emissons.

Educational approaches are an effective and durable measure to aleviate this problem, but the process has to
dart by training the educators. A multiplying effect can be obtained if people interacting directly with these
miners are aware of the toxic effects of mercury, how mercury is transformed into its most toxic species
(methylmercury), how to minimize emissons and how to identify criticd Stuations of methylation and
bioaccumulation.

A computer program (HgEX) has been developed to transfer knowledge and to alow rapid diagnosis of the
pollution potentia even when only imprecise data are available. Non-technica users, who might include hedth
workers, environmental and mining ingpectors, miners, biologists and loca people may aso have a picture of
the intoxication level of individuals subjected to mercury exposure or those who have fish as their main diet.
Bioaccumulation risk can be predicted without using sophigicated analysis of biologicd samples. This
powerful educationd vehicle dso brings an extensive tutoria section (1000 e ectronic pages) on al aspects of
mercury using advanced Artificid Intelligence techniques on a persond computer. Since dl questions are
based on field observation, ro extensive monitoring survey is required. This program can be easly used by
hospitas and city hals and local people do not need the permanent presence of specidists (Veiga and
Meech, 1992). | have distributed many copies of this software in Venezuela and the acceptability was very
good among mining and environmental ingpectors and non-governmenta organizations.



4. Mercury in the Environment

“I'm more afraid to be killed by the lead of
another garimpeiro's gun than by mercury”
a"garimpera’ in the Amazon

4.1. Mercury Emission Sourcesin the Planet

4.1.1. Natural Emission Sources
Natura and man-made processes have contributed to the levels of Hg emission to air and water systems. As
mercury is extremely voldaile compared to other metds, the aimosphere is a key area to be investigated.
Some natura sources of Hg emission are listed below:

volcanism

geologic wegthering

evaporation from waters

plant transpiration and decomposition

In the past many authors overestimated the natural Hg sources (Kaiser and Tolg, 1980; Clarkson et a. 1984;
Salomons and Forstner, 1984). According to some of these studies, more Hg was emitted to the environment
from natural sources than from anthropogenic sources. However, more accurate recent investigations have
established that only 40% of total Hg emissions come from natura sources, which means an average of 2,500
tonnesyear of Hg (range:100 to 4900) (Nriagu, 1989).

The frequency of volcanic eruptions play an important role in establishing variations in the amount of Hg
emitted by natural sources. Volcanoes have emitted subgtantid amounts of Hg into the atmosphere as dther
gas or particulates (<0.3 um in diameter) (Forstner and Wittmann, 1979).

Geological weethering is another source of mercury emission. When rock-forming minerds are chemicaly
dtered by weethering, mercury is released and will be maobile in the environment depending on the natura
variables, such as Eh, pH, sdinity, mineralogy, etc. Presence of adsorbents such as hydrous ferric oxides and
organic matter can provide a high Hg leve in soil and sediment. In many cases the reason for high Hg levelsin
fish living in lakes or atificid impoundments are rdated to high Hg levels found in soils in the area of the
caichment. When these soils are leached, Hg is mobilized into aquatic environments with associated with
organic matter, and become accessible to biota accumulation later on.

Mercury emission from vegetation is a vector that was not recognized by many researchers, dthough Nriagu
(1989) has shown biologicaly-mediated voldtilization can result in ggnificant relesse. Non-methane
hydrocarbons, such as isoprene and terpenes from plant-life, can form strong Hg-complexes which play a
role in transferring the metd into the atmosphere. Particulate organic carbon, a dominant component of
atmospheric aerosols, is another Hg-bearing medium.

In Manitoba, Canada, natura forest fires have been attributed as a source of emissons of Hg contained in
vegetation (Williamson et d. , 1986).
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4.1.2. Anthropogenic Sources

Mogt of the early studies of man-made emissons into the amosphere estimated numbers from 7,500 to
38,000 tonnes Hglyear (Salomons and Forstner, 1984; Clarkson et a., 1984; Lindqgvist et d., 1984; Kaiser
and Tdlg, 1980). A detailed study on man-made atmospheric emisson carried out by Nriagu and Pacyna
(1988) egtimate a range from 910 to 6,200 tonnes Hg/year with cod combustion responsible for about 50%
of this estimate. These authors evaluated man-induced mobilization of Hg into the biogphere (median va ues of
the terrestrid inputs plus aguetic inputs minus atmospheric emissons) a 11,000 tonnes'year. This vaue is
close to an edimate of Watson (1979). He split Hg emissions into different environmenta compartments:
2,822 (air), 300 (water) and 6,139 (land) tonnes/year. According to his estimates, Hg discharge to land from
primary betteries are the largest single factor, which may account for 1,140 tonnes Hglyear by the year 2000
inthe globe.

Anthropogenic sources of Hg emission to air, water and soil can be divided into 4 groups.
1. Producers of Hg and its compounds:

2. Combustion and pyrometdlurgica

3. Forest fires

4. Consumers of Hg and its compounds

The firg category includes the metdlic Hg producers and organo-Hg manufacturers. Conddering recoveries
of 95% in primary Hg production, i.e. 5% will be logt in tallings or digtillation steps, then around 300 tonnes of
Hg are discharged into the environment. Fortunately most of this discharge should be in aform of HgS which
islesstoxic form of Hg.

The second group comprises dl manufacturer of products in which Hg is present in the fina product or in
some step of the production, as well as any consumer of goods with Hg such as paint, lamp, thermometers,
bleaches, batteries. Gold miners are included in this category. According to Watson (1979) Hg consumers
are responsible for about 50% of Hg discharges in water, 30% in air and 70% in land. Worse picture is
predicted by the year 2025 when about 10,000 tonnes of Hg will be the global discharge into environment.

Forest fires can be expected to mobilize Hg contained in biomass and reditribute it into the atmosphere either
as vapour or atached to particulates. Today, with the very high rate of deforestation by fire in South America,
Hg emissons derived from wood combustion must be sgnificant (Veiga et d., 1994). The amount of Hg
emitted by deforestation has been caculated from estimates of biomass digtribution in the Amazon. If we
assume that the mgority of Hg compounds is released from above-ground biomass even without complete
combugtion using an esimate of Hy leves in plants and organic matter of 0.05 and 0.1 mg/kg respectively,
about 15 g/ha (1.5 kg/kne) of Hg are emitted. Cerrado vegetation (mainly grasses and bush) aso takes-up
Hg from soil and from precipitation which is released upon burning and athough the amount of biomass is
much lower than in forest areas, the extent of Hg releasing is about 2.2 g/lha. Recently, Kaufman et d. (1992)
andyzed ~ 1,000 mg/kg Hg in smoke particles smaler than 2.5 nm.

During combustion of carboniferous meteria, mercury contained in biomass is released possbly in a more
dangerous form than metdlic Hg. In combudtion plants, haf of the emisson is dementd and hdf is divdent
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mercury; this latter form is either gaseous or bound to particles (Hal et a, 1991). When chloride is present,
as in wagte incineration and the burning of "green” wood, HgCl, is reported as the predominant species
(Pacyna and Miinch, 1991). This is a water-soluble form of mercury that can be readily transformed into
methylated-compounds in waterways.

The fourth group of anthropogenic emisson source includes al processes in which Hg is released from the
raw materid during combustion such as: cod, oil, sulphides, domestic refuse. This isresponsble for most Hg
emitted to the atmosphere. Watson (1979) predicted about 2,500 tonnes of Hg would be emitted into the
environment by the year 2025 due to combustion and roasting processes. Nriagu and Pacyna (1988)
esimated a higher tonnage (3,560 tonnes) being discharged in 1983 into the atmosphere from these sources.

4.2. Mercury Pathwaysin Mining Activities

The form in which mercury is rdeased into the environment determines its reactivity and transformation rate.
In mining operaions, two pathways are recognized:

Hg entering the amaosphere due to amagam burning in frying pans and gold mdting,

Hg dragged with amdgamation tailings.

At present, it iswidely accepted that Hg® vapour condtitutes by far the largest component of the tota gaseous
Hg concentration in the amosphere with perhgps some minor amount of divdent Hg (Il) and Me-Hg
(Iverfeldt, 1991). Due to its high vapour pressure (0.246 Pa or 1.85 x 10 Torr a 25 °C) mercury in
ambient ar is predominantly in the gaseous phase (as individud Hg aoms) rather than associated with
particulate matter as with other trangtion metds (e.g. Cd, Zn, Cu, Ni, Pb). Mercury bound to particulate
solids represents less than 2% of the total Hg leve in air, according to observations in Nordic countries
(Schroeder et d, 1991; Brosset and Lord, 1991; Lindqvist et a, 1991; Bloom and Fitzgerald, 1988).

The process in which Hge vapour oxidizes in the amaosphere is not well understood. Oxidation is certainly
accelerated in clouds in the presence of ozone (O3) and chlorine (Cly) but reduction of Hg(ll) to Hge isadso a
feasible process (Schroeder, 1991).

The extent of metdlic mercury disperson due to amagam burning in pans is not quantified. According to
Marins et d. (1991), the mgority of Hg emitted by gold melting shops is deposited near the emisson source
(i.e. with 1 km).

Mercuric oxide is not stable at high temperature levels and decomposes above 500°C. Oxidation of gaseous
metalic Hg occurs in ar a temperatures between 300 and 500°C, during cooling (Hdll et d., 1990), but
formation of HgO was observed only in the presence of a catayst (activated carbon). Obvioudy soot and ash
particles play an important mass-transfer role. Both soot and chloride are present in biomass fires but not in
amagam-burning. So, it is expected that mercury from amalgam burning is precipitated predominantly in the
metdlic form near the emisson source. Aerosols and fine particles of the aimosphere carry aminor portion of
mercury emitted by miners which is precipitated in the forest. When forest fires occur, precipitated Hg is re-
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emitted reaching remote water system in which bioaccumulation can occur (Fig. 4.1). Thisis a possble way
to redigtribute Hg from one region to ancther.

There are severd "dnks' that control Hg availability for uptake by biota: the largest being the atmosphere
followed by rivers, lakes and oceans. The forest, sediments and soils contribute sgnificantly to Hg
transformation and meass trandfer (Fig. 4.2). Deforestation may have an important role in transferring Hg from
the forest into other sinks (Meech et d., 1995).

Atmosphere
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Fig. 4.1 - Forest fires redigtributes Hg emitted by amagam-burning
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Fig. 4.2 - Smplified mercury biogeochemicd cyde in the Guayana Region.

During my stay in Guayana, a forest fire lasted for dmost 40 days in Delta Amacuro Region. The dominant
winds carried a great portion of particlesto the State of Bolivar. People from Ciudad Guyana, 250 km distant
from the fire, were severdly affected by the smoke. This certainly was an important source of emisson of
mercury contained in the biomass.
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Mercury dumped in the Caroni River before 1991 by barges dso enters the aguatic system in metdlic form.
How this mercury is transformed into soluble compounds depends mainly on sediment (soil) composition and
physica-chemica characteristics. Mercury has to ke oxidized to become more soluble, i.e. to form Hg(ll)
species or complexes which are far more reective. Mechanisms of methylmercury formation are faster when
Hg (1) compounds exist (Bisogni and Lawrence, 1975; Imura et d., 1971). The dominance of each Hg (1)
species is controlled basicaly by pH, Eh, chloride concentration, sulphide concentration and the presence of
other soluble substances, such as organic matter (Bjornberg at d., 1988). The kinetics of complexation and
methylation of metalic mercury in tropica countriesis not well known.

4.3. Methylation

Mercury methylation is the transformation of inorganic mercury (mercuric species) into the most toxic forms of
mercury: monomethylmercury (hereinefter represented as Me-Hg) and dimethylmercury. Methylation is
related to the Hg(ll) activity, and the presence of hydrosulphide species in solution (H,S or HS'), even at
very low concentrations, can precipitate HgS, reducing Hg availability to the methylating agents (Bjornberg et
al., 1988).

Me-Hg poisoning was firg identified in the early 50s by an infamous incident & Minamata Bay, Japan in
which a plagtic factory was discharging Me-Hg chloride into the river and bay. Up to 1992, a total of 2940
victims have been compensated and 1200 deaths were recognized. The number of victims dightly affected by
Minamata disease reached 10,000 (Mam, 1993).

In the 1950s, Swedish researchers observed reductions in some bird populations: first the seedeaters and
later, birds that preyed on them. The use of seeds treated with organomercurid fungicides, snce World War
I1, was the main reason for bird contamination (Putman, 1972).

The most tragic accident took place in Irag in the early 70s, when farmers ate Hg-treated seed instead of
planting them. The officid numbers of fatal cases were 459, but numbers as high as 100,000 people
permanently disabled have been suggested by Forstner and Wittman (1979).

Although most of these episodes happened with organo-mercurid compounds, in 1967 a group of Swedish
scientigts proved that microbes living in bottom sediments could transform some inorganic species of mercury
into methyl forms. Later on, knowledge about methylation processes increased, but some key steps about the
chemicd and biologicd mechaniams are ill not wel understood. Although methylation occurs in the intestine
of some organisms, very high Me-Hg leves found in fish are probably due to asorption from outside rather
than from internd methylation (Kersten, 1988).

Many different processes of mercury methylation are presented in the literature. Bascdly they can be divided
into: BIOTIC and ABIOTIC.

Me-Hg can be produced by most bacteria aerobicdly (e.g. as a misdirected synthess of methionine) and
anaerobicdly (e.g. during synthesis of vitamin B12). Because these pathways are shared by alarge number of
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bacterial species, the capacity to methylate is not redtricted to one or a few types of microorganisms but
seems to be awidespread process associated with many bacteria (Hecky et a., 1987).

Jensen and Jernelov (1969) provided the firgt indication of the biologica formation of Me-Hg when they
piked sediments with HgCl,. Significant quantities of methylcobadamin may be available in the sediments
because it is a common coenzyme in both aerobic and anaerobic bacteria. Cobadlt is the active part of the
methylcobaamin molecule to which the methyl group is attached. In the presence of Hg(l1), cobalt is reduced
and methylation of mercury occurs. Any microorganism capable of synthesizing methylcobaamin is a potentia
methylmercury producer (Gavis and Ferguson, 1972; Wood,1971).

Methylation seems to occur primarily in the top 1 to 2 cm of the sediments where most microbes are located.
Mercury can be methylated by microbes in many aquatic matrices. Methylation has been observed in mucus
and intestines of fish, rats and humans; in sewage dudge, in surface dimes and, as demondrated by West60
(1967), in chicken livers. Other biologicad mechanisms, not involving methylcobaamin, can transform mercuric
compounds into Me-Hg (Wood, 1971; Fagestrom and Jernel6v, 1972; Mitra, 1986; D'ltri, 1990).

An experiment carried out by Rogers (1977) introduced the possibility of abiotic methylation. The importance
of abiotic methylation mechaniams for natura aquatic systemsis not well understood, and they probably have
minor importance when compared with biologica methylation. These mechanisms probably account for less
than one-tenth of the Me-Hg formed in sediments according to Kersten (1988). However, Finnish
researchers stress the possibility of abiotic methylation based on Hg bound to organic metter (Verta et d.,
1986).

Lee et a. (1985) produced Me-Hg through a reaction between fulvic acid and inorganic Hg sdts. The
catdytic effect of Fe2 and Fe*3 in Me-Hg production was remarkable within the pH range studied (3 to 6.5).
They concluded that the mechanism of Me-Hg production from fulvic acid is not yet known but methylation
increases when the fulvic acid is coordinated to other metals.

The availability of mercury species to aquatic organisms can be controlled by adsorption or precipitation
mechanisms where hydrous Fe/Mn oxides and sulphides play a mgor role (Ferreira and Veiga, 1995).
However, Me-Hg does not bind as tightly with organic matter in sediments as does the inorganic Hg
compounds. Consequently Me-Hg readily remobilizes from the stable and less reactive sediments into the
overlying water. The rate of Me-Hg remobilization influences bioaccumulation in aquatic organisms, dthough
the amount of Me-Hg can be smal (<1%) rdative to the total Hg concentration in the sediments (D'ltri,
1990).

4.3. Mercury Stability in the Caroni River - the Role of Organic M atter

The Caroni, a blackwater river, is the most important tributary of the Orinoco. Suspended solids are low (1.6
to 10 mg/l), pH ranges from dightly acidic (5.3 in rainy season) to neutrd (6.8 to 7 in dry season) and the
conductivity islow (7.5 to 11 pS/cm) (Sanchez and Vasquez, 1989).
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Mercury in water is very difficult to detect. Adsorption of Hg by sediments, fast Hg incorporation in biota,
poor detection limit of the usua anayticd equipment are some of the reasons why Hg is not frequently
andyzed in waters. In fresh waters a wide range of Hg (0.01 to > 10 pg/l) has been reported. However a
background near 0.01ug/l seems to be accepted (Fitzgerald, 1979; Forstner and Wittmann, 1979). If Hg is
detected in water, in a dissolved form, probably the dominant compound is an organic complex (eg. Hg-
fulvate) rather than Me-Hg. In Venezuela, the Decree 2831 of Oct. 20, 1978 establishes 1 ppb (g Ho/liter)
as the guideline for drinking water. For liquid effluents, the Decree 2225 of Apr. 23, 1992 admits discharges
up to 10 ppb Hg.

Darkwaters are rich in humic substances (humic and fulvic acids). The acids reach the water streams during
the rain season by leaching of litter on top of sandy soils. Paolini (1986) andyzed 5.87 mg/l of dissolved
organic carbon and 0.67 mg/l of inorganic dissolved carbon in the Caroni River. The organic carbon in
sediments ranges from 2.7 to 46.6%. The higher the concentration of suspended matter, the lower the
concentration of organic carbon in the particulate.

When dissolved organic matter (say fulvic acid) is present at concentrations higher than 1 mg/l (ppm), the
complex formed (fulvate Hg-FA) is more stable and predominant than any of the inorganic species (Duinker,
1980; Xu and Allard, 1991). The presence of fulvic acids (FA), is an important parameter that enhances
solubility of mercury. The more FA present in the aguatic system, the more the metal becomes water-soluble
as a complex. When the raio FA:Hg > 2, formation of water soluble complexes is favoured. Solubility of
such complexes increases with pH and they are more stable than inorganic Hg complexes, preventing Hg
compounds from precipitating. Schnitzer and Kerndorff (1981) have shown that over alarge range of pH (4
to 9), when more than 20 ppm of FA is added to solution, Hg becomes very soluble. The authors pointed out
that Hg interacts with fulvic acid in partly hydrolyzed forms.

When metdlic Hg is brought into contact with organic-rich solutions, as occurs when Hg is condensed from
vapour or amagamétion tailing is dumped into Caroni River, Hg-organic soluble complexes can be formed
(Veiga and Meech, 1994a; Meech et a. 1995). How these organic complexes transform into methylmercury
isunclear. Since fulvic acids are methyl group donors, abiotic reaction is a possible process to transform these
soluble complexes into methylmercury (Mannio et d., 1986; Verta et d., 1986; Meili, 1991). Bictic
methylation of these Hg-complexes in the water column was recently considered by Swedish researchers
more important than the abiotic process. Particles of organic matter in suspension are ubstrates of bacteria
that favour methylation (Marcus Meli from Univ. Upsda, 1995 - persona communication).



Relative
Concentration (%)
100 +
Hg-FA
50 | pCl=7

FA =1 ppm

Fig. 4.3 - Rdative predominance of the complex Hg-fulvic acd
in relation to Hg(OH), .(Xu and Allard, 1991)

Suspended particles of organic matter can aso adsorb Me-Hg produced in the sediments (Hintdlmann et d.,
1994). This mechaniam facilitates Me-Hg transport, and increases resdence time of the toxic substance in
water (Watras et a., 1994).

| have investigated the possibility of Hg-complex formation contacting for 100 days metdlic mercury with
solutions of active components of organic soils, such as tannic acid, fulvic acid, etc. The Hg concentration in
solution increased substantialy reeching alevd as high as 174 ppm (mg/l) Hg showing that metdlic mercury
can be dissolved by these acids (Veiga, 1994).

These points are important to understand the interaction of metdlic Hg with sediments (soils) to predict
bicaccumulation risk of an affected area. As methylation occur mainly in sediments, the presence of organic
matter increases the risk of metdlic mercury transformation (i.e. complexation) and subsequent methylation.

Hg compound gtabilities can be represented using the Eh-pH diagram. Unfortunately, information obtained
from Eh-pH diagrams must be gpplied with great care to natural systems. The theoreticd values are for a
system in equilibrium. In naturd waters, it is common to find non-equilibrium conditions, as transformeation
rates to more stable compounds can be very dow (Baeyens et d., 1979). The most toxic form of Hg,
methylmercury, is an example. It is thermodynamicdly less gable than the inorganic species from which it
derives.

Meech et a. (1995) designed a Eh-pH diagram cagpable of predicting the sability of metalic Hg in organic
sediments (Fig. 4.4). The organic ligand is represented as a diprotic acid H,L.. Two complexes are formed,
HgL and Hg(H.; L) . The upper line of the diagram represents equilibrium between complexes and Hgo(aq)
in darkwaters, in which the dissolved organic concentration is 104 M (Walker, 1990). In this case, the redox
potentia of acidic waters must be above 0.48 V at pH 4 and above 0.38 V at pH 5.5 to favour Hg-organic
complex formation. The higher the pH, the lower the potentia required to form such complexes.
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As the chemica composition of the organic acid which provides the complexing ligand is unknown, a
molecular weight of 1000 g has been assumed and a concentration of 100 g/l (or 0.1 M) in the contaminated
sediment. This condition is represented in Fg. 4.4 by the lower full line. The dotted linesin Fig. 4.4 represents
a gtuaion in which the Hg-complex concentration is 1000 times lower than that of Hge(ag). If we consder a
Hoe (ag) concentration of 63 mg/l, then the Hg-complex concentration would be 0.063 mg/l. This levd is
close to background for natural waters. So, under these conditions, Hg bioaccumulation or danger from these
complexes are extremdy unlikely as no Sgnificant amount exists in solution.

Eh (volts)
0.6

«[Hg (complex) ] 10°
0 N IS A B — [Ho® ()]
3 4 5 6 7 | and 0.1M (ligands)

Fig. 4.4 - Equilibrium boundaries of HgP(aq) and Hg-organic complexes.
D : Caroni River water in Santa Rosaand Carhuachi

I have measured the redox potentia of the bottom sediments in Santa Rosa and Carhuachi. The Eh ranged
from 0.050 to 0.100 Valts, indicating a dightly reducing environment. | aso measured the pH = 6.7 and
conductivity of 20 uS/cm in the dry season. The Eh and pH conditions of "Bgo" Caroni plotted in the Fig. 4.4
indicates thet there is a dight possibility that organic-rich solutionsin contact with metalic Hg can form soluble
complexes. The more aerated the water, the higher the possibility of Hg-complex formation. The deeper the
water, the lower the rate of metdlic mercury complexation. As oxygen is likely the main eectron donor in the
complex formation reaction, Hg oxidation is controlled by oxygen diffuson in water. The dissolved oxygen
leve in Guri ranges from 5 to 8.2 mg/l (Webezahn, 1994) and from 4.2 to 8.8 mg/l in Bgo Caroni (Sanchez
and Vasquez, 1989). Weibezahn (1994) has shown that the oxygen depletion in deep waters of Guri has a
seasond behaviour with an outstanding decrease of dissolved oxygen at 60 - 80 m in depth. So, it is possible
to conclude that the worgt Stuation for Hg complexation with organics is when metalic mercury exigs in
shdlow creeks with consderable dissolved oxygen available. For deep sediments, the available oxygen is
likely to be extremey low and non-replenished.

A recent Canadian study of mercury digtribution in water of Caroni River has indicated that sub-micron
particles are the main mercury bearing phase (Minproc, 1991). How fast Hg-organic complexes (say Hg-
fulvate) are transformed into methylmercury is unknown. If this transformation occurs rgpidly the transport of
mercury in solution as acomplex is negligible and the main Hg-bearing phase in the river is the aquatic biota.



5. Mercury Bioaccumulation

"Fish are so heavily contaminated with mercury,
that they are swimming at the bottom of the river."
anironic miner

5.1. Factor s Influencing Bioaccumulation

Methylmercury, CH;Hgt (Me-Hg) is mainly produced in sediments and can be incorporated into aquatic
organiams via gills and/or ood intake. Whatever the route of bioaccumulation, uptake of Me-Hg is much
more efficient than inorganic Hg. From 70 to more than 90% of the Hg in fish is in the form of CH;Hgt
(Huckabee et d., 1979) which is easly transferred to man since the intestinal absorption of Me-Hg is
extremdy high. The other forms of Hg found in fish are predominantly inorganic compounds.

Once indde the cdl, Me-Hg has a strong affinity for proteins. It binds to, and affects the configuration of
nucleic acids, inhibiting alarge number of enzymes by blocking sulphydryl groups. The combination of the
lipophilic properties and affinity for the sulphydryl groups of amino acid compounds results in rapid
accumulation in the muscles and fat tissues until Me-Hg is metabolized and excreted. As Me-Hg is more
dowly metabolized and diminated than inorganic compounds, the overal result is anet bioconcentration in the
organism over time (D'ltri, 1990; Armstrong, 1979).

Organisms accumulate Me-Hg so fast that the concentration of Me-Hg andyzed in water is very low (D'ltri,
1990). Because Me-Hg is assmilated rgpidly and is eiminated dowly, its syntheds in sediments does not
have to be rapid to promote biocaccumulation. The mechanisms and rates of accumulation and dimination are
unclear, but appear to depend on the specific biological characteristics of each species of fish as well as the
properties of the aguatic sysems. A comparison of animds differing in species, 9ze and feeding habits
confirms that the food intake of Hg is far more important than direct uptake from water. So the Hg levelsin
the top predators are dways higher than in their food (D'Itri, 1990; D'ltri, 1972; Lindgvigt et d., 1991;
Connel, 1990).

Many studies on bioaccumulation attempted to find correlations between environmenta varigbles and Hg in
fish (Hékanson et d., 1988; Lindgvist et a., 1991). In fact, the search for parameters to predict
biocaccumulation has dways focused on finding a Smple way to monitor and control Hg bicaccumulation.
Unfortunately exact equations are not obtained, in spite of the effect of each separate variable on Hg
biocaccumulation being relatively wel established. This suggests that there are too many "unknowns' to
produce satisfactory models. However, the effect of some naturd variables on the bioaccumulation processis
known.

5.1.1. Humosity
The quality and amount of organic matter in sediments are commented in the chapter 4 of this report. Organic
matter, oecidly the high-soluble fulvic acids, are capable of dissolving metalic mercury. The organic
complexes formed can be transformed into methylmercury.

5.1.2. Water Colour
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Water colour (brown) iswell corrdlated with the organic matter content in waters. In fact, fish caught in dark
waters of the Amazon region dmost dways show more Hg than those living in white water rivers (CETEM,
1991b; GEDEBAM, 1992).

5.1.3. Water Conductivity
Low water conductivity has been correlated with high Hg content in fish. (Bjornberg et d., 1988; Hakanson
et a., 1988). As conductivity is related to calcium content in water, the influence of cacium is suggested. Low
cacium waters increase the permesbility of biologicad membranes (such as gills). So, in low conductivity
waters, Hg species are more eadly incorporated into fish via respiration than in high conductivity waters (Spry
and Wiener, 1991). In "Bgo" Caroni, the low conductivity (<20 puS/cm) is characteristic of blackwater rivers.

5.1.4. Sediment pH

The effect of pH on Hg bioaccumulation is complex. Fied observations have shown more Hg accumulated
into fish living in acidic waters (Lindqvist et d., 1991; Verta, 1986;). In aquarium studies, rainbow trout after
56 days of exposure to Me-Hg incorporated twice as much Hg a pH 5.8 than at neutral pH (Ponce and
Bloom, 1991). The effect is unclear in some studies, as no correlaion was obtained when pH and Hg

concentration in fish are plotted. The origina hypothesis concerning the production of Me-Hg from sediments
in pH<6 (Beijer and Jerndov, 1979) isamost certainly an oversmplification of the processes occurring within
natural ecosystems (Stokes and Wren, 1987). The Me-Hg production in sedimentsis not influenced by pH as
demonstrated by a Canadian study (Miller and Akagi, 1979). A decrease in pH of one or two units doubled
the amount of Me-Hg released from sediment into the overlying water, i.e. the pH affects the partitioning of

Me-Hg between water and sediment but not the actua methylation processitself. In the water column Me-Hg
becomes more bicavailable.

A review of the effect of pH on bioaccumulation was done by Richman et a. (1988). They listed 6 proposed
mechanisms by which pH can influence Hg uptake:

Hg may enter the agquatic system with acid deposition, i.e. acid rain polluted with Hg;

Acidification of water can mobilize Hg from soil in the surrounding watershed;

Lower pH may favour production of Me-Hg over dimethyl-Hg;

pH conditions may dter the rate of Hg methylation and/or demethylation;

Acidic lakes are less bioproductive than neutrd systems;

Biotain acidic systems are more efficient bioaccumulators than in more neutral conditions.

o gk~ wbdrE

These factors appear to play a sgnificant role in increasng Hg in fish in acidic sysems and they can be
divided into @) factors influencing bacterid processes; b) factors influencing geochemica processes. In either
case, pH is a sgnificant factor. The pH of Caroni is acidic (around pH=5) in the rainy season caused by run-
off waters which are rich in organic acids. In the dry season the pH is dmost neutrd as | have measured
(pH=6.7).

5.1.5. Sediment Eh
The redox conditions of interditid water are consdered important to determine the stability of Hg° over Hg-
organic complexes, i.e. if metalic Hg can form complexes with organic metter with the influence of dissolved



57
oxygen as an eectron donor. The redox potentid of the bottom sediments in Santa Rosa and Carhuachi
ranged from 0.050 to 0.100 Volts.

5.1.6. Biomass

Fish in more productive systems have been found to contain lesser amounts of Hg than in low productivity
waters. Thisisadilution effect. When more biomassis available to incorporate Me-Hg, the pollutant is shared
among more individuds resulting in a lower Hg content per unit mass. In addition, fish in eutrophic
(productive) waters show a higher growth rate which dso increases the dilution effect. Andyses of
phosphorous and nitrogen in waters do not show the real capacity of productivity of an environment.
Dystrophic (low productive) waters can have P and N bound to humic substances in such away they will not
be available for primary biological production (D'Itri, 1990; Mannio et d., 1986).

Low productivity is observed with blackwater rivers, i.e. there are few organisms living in these waters.
Whether dark water rivers have low fertility or have some toxic substance in solution, is an issue for debate.
The exigence of toxic substance is supported by the presence of some phenolic substances or by the
violacein which is a pigment with antibiotic properties produced by a microorganism, caled Cromaobacterium
violaceum. (Caldas, 1990).

5.1.7. Desorption

Desorption studies are important to understanding the nature of mercury-sediment binding as well as to
predict whether mercury compounds can be released from the sediment in contact with sdty waters. Reimers
and Krenkd (1974), in lab studies, found the desorption of inorganic Hg compounds to be negligible for
amog dl of the clays, organics and sands investigated. The exception to this rule occurred at high chloride
concentration and pH>7. The same conclusions were found by Ramamoorthy and Rust (1976). Even when
high concentrations of fulvic acid are present (10 ppm FA), less than 1% of the sediment-bound (organic-
rich) mercury was removed.

No study of mercury desorption was conducted in gold mining regions. Mercury adsorbed onto suspended
particles in watercourses can reduce bioavailability but can dso increese Hg mobility from one area to
another. When these particles are in contact with organic acids, it seems that desorption can occur and
mercury complexes are formed. These studies are currently carried out in Brazilian research indtitutes.

5.1.8. Other Factors

There are other factors which enhance methylation and bioaccumulation, such as temperature, and sulphate
levels but there are controversies about the influence of these variables on the biota Temperature can
increase the microbid production of Me-Hg aswell as the metabolic rates of fish and Hg uptake. However it
was observed that the biological hdf-life of Hg in fish decreases with increasing temperature. Therefore, fish
from watercourses in which the temperature reaches 20°C can be expected to diminate Hg approximately
twice as fagt as fish in water of about 10°C. (Spry and Wiener, 1991; D'ltri, 1990). Sulphate levelsin water
can dimulate bacteria growth. Although laboratory tests indicated that the methylation rate is not sendtive to
the concentration of sulphate in waters (Kerry et a., 1991), a very strong relationship between Me-Hg and
sulphate has been observed by Parks et a. (1984) studying Canadian lakes.



5.2. Factors Controlling Bioaccumulation

Adsorption is the main mechanism to control availability of soluble mercury to the biota. The mechanisms of
adsorption depend on sediment grain Size, compostion and the aguatic system variables. In fact, resuspension
of norn-mercury polluted sediments has been suggested as a method to reduce bioavailability of mercury inthe
water column and to reduce concentration of mercury in the surface sediments of WabigoonEnglish River
system, Canada (TCOSC, 1983).

Most natural adsorption processes that occur with heavy metals such as copper, zinc and lead are related to
angle ions, i.e. Cw?*, Zn?+, Pb2*. However, since the dominant species of Hg in solution are uncharged
complexes, the adsorption mechanism is not ion exchange but rather formation of compounds. This is known
as specific adsorption (Schuster, 1991).

Amorphous and poorly crysaline hydrous ferric and manganese oxides (HFMO) have an enormous capacity
for fixation of heavy meta ions from solution as demongtrated by many authors (Chao and Theobald, 1976;
Hem, 1974; Veiga et d., 1991). Studies of ferruginous sediments from Poconé, Brazil, showed an
outstanding capacity for mercury adsorption. This phenomenon was aso responsble for dmost no
incorporation of mercury in test organisms caged for 3 months in contact with heavily polluted sediments
(CETEM, 19914).

Clay minerds are dso active components to adsorb Hg from solution. The adsorption capacity of these
minerasis very high but the binding strength is usudly week and dependent on aguetic system variables such
as. pH, type of species in solution, Eh, etc. In the case of Hg adsorption, the stable soluble species are ot
charged and little effect of pH was observed on HgCl, adsorption by clay mineras (Reimers and Krenkd,
1974). Clays may show an indirect effect in heavy metd adsorption due to the ability to act as nuclestion
centers for Fe/Mn oxides or organic matter. These materias are more effective for meta adsorption (Duinker,
1980).

The inhibition of Hg adsorption is remarkable when high chloride levels are present in solutions containing
HFO or MnO,, (Lockwood and Chen, 1973), clay minerals (Reimers and Krerkel, 1974) and organic matter
(Lodeniuset a., 1983).

The possihility of reducing Hg bicavailability by adsorption is not sgnificant in the Caroni River due to very
low amount of iron oxides and fine particles in the sediment (< 0.05%).

5.3. Bioaccumulation in the Mining Areas of " Bajo" Caroni

Many researchers around the world have studied limnologicad conditions of water systems to predict
biocaccumulation. In the Caroni river for example, many studies were dedicated to andyze Hg in riverbed
sediments and no correlation with Hg in fish were obtained. A common concluson of these sudies is
mercury was found in sediments. Obvioudy metdlic mercury was found, the miners dumped it! Information
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about bioaccumulation is usualy more useful. A better evauation of Hg content in sediments can be obtained
by smply asking miners how much mercury they have dumped into the river in the past.

Fine particles are known as efficient scavengers for heavy metals. Mercury concentration in fine particles, not
infrequently is 100 times higher than that of coarse fraction. This occurs in naturd and man-made
contaminated environments. Pollution’ occurs when bioaccumulation is occurring in a contaminated site. The
only indicator or evidence of biocaccumulation is biota, in particular fish specificaly carnivorous fish
Predictions about risk of bioaccumulation can be done based on natural variables (sediments, Eh, pH,
humosity, conductivity, etc.) but these are not pieces of evidence but environmental dangerous conditions for
biocaccumulation (Veiga and Meech, 1994b).

Since 1989, three works conducted by professonds from Guayana Region and one from a Canadian
Company (Minproc, 1991) have investigated the bioaccumulation in "Bgo" Caroni. Analyses of livers of fish
have confirmed that Hg accumulation is more sgnificant through the food chain. | compiled data from these
works (Table 5.1, 5.2, 5.3, 5.4). In some cases, not only the edible part of fish, muscle, was analyzed but the
whole fish. Severd data from Minproc (1991) are result of andyses of composite samples, i.e. a number of
fish samples of the same species was mixed together to be andyzed.

Table 5.1 - Mercury levelsin fish from "Bgo" Caroni (Bermudez et d., 1994)
Average Hg (mg/kg wet weight in edible parts: muscle)

Fish Fish Av.Hg (ppm) | Number of
(popular name) (scientific name) in muscle samples
Aimara(c) Hydrolycus macrophtal mus 0.067 2
Bagre (0) Pimelodella gracilis 0.061 3
Curvinata (c) Plagioscion squamosi ssimus 0.036 2
Payara (c) Hydrolycus scomberoides 0.25 3
Pavon (c) Cicla orinocensis 0.16 4
Sdtdn or Arenca (0) Tripostheus elongatus 0.068 5
TOTAL 19

Table 5.2 - Mercury levelsin fish from "Bgo" Caroni (Led, 1994)

Fish Fish Av.Hg (ppm) | Number of
(popular name) (scientific name) in muscle samples
Aimara (C) Hydrolycus macrophtalmus 0.042 1
Curvinata (c) Plagioscion sqguamosi ssmus 0.04 2
Pavon (C) Cicla orinocensis 0.038 2
Payara (c) Hydrolycus scomberoides 0.06 2
TOTAL 7

" A reasonable definition of pollutant is a substance present in greater than natural concentration as a result of human
activity and having a net detrimental effect upon its environment or upon something of valuein that environment.
Contaminants, which are not classified as pollutant unless they have some detrimental effect, cause deviation from the
normal composition of an environment. (Manahan, 1991).



Table 5.3 - Mercury levelsin fish from "Bgo" Caroni (Bricefio, 1989)

Fish Fish Av.Hg (ppm) | Number of
(popular name) (scientific name) in muscle samples
Aimara (c) Hoplias macrophtalmus 0.043 2
Guitarrilla () Pseudodoras niger 0.086 2
Surapire (o/h) Mileus shomburgkii 0.12 2
TOTAL 6

Note: h = herbivorous, d = detritivorous, 0 = omnivorous, ¢ = carnivorous

About 40% of the fish samples were carnivorous. From these studies less than 6% of fish samples have Hg
levels above 0.5 ppm. The reatively dangerous conditions for bioaccumuletion are indicated by naturd
variables such as dightly low Eh, dightly acidic pH, low conductivity, dark water colour, low biomass
productivity and low amount of fine ferruginous particles in the sediment. In generd, biota samples are
showing low to medium biocaccumulation levels. In spite of stopping Hg emissionsin "Bgo" Caroni, mercury
content in sediments is subjected to complexation and further methylation due to medium levels of organic
matter in sediments, as well as in solution. At the moment, this process seems to be occurring dowly and
permanent monitoring should be applied. A bioindicator, which should be a 1 kg (carnivorous or
detritivorous) fish with low mobility must be captured and andyzed every year to compare how is
bioaccumulation levels in Guri and in other Stes. For commercid fishing purpose, dl fish species, with
different szes must be included in the monitoring program. The use of classica satistics gpproach to obtain
representative samples will derive a large number of samples to be captured. Usudly, internationd
bicaccumulation works use between 20 and 30 samples of each speciesto establish a bicaccumulation leve.

Table 5.4 - Mercury levelsin fish from "Bgo" Caroni (Minproc, 1991)

Fish Fish Hg (ppm) Number of
(popular name) (scientific name) in muscle or samples
wholefish
Bagre (0) Pimelodus ornatus 0.047 1
Bagre (0) Pimelodus ornatus 0.33 1
Bocachico (d) Curimata sp. 0.069 1
Cabeza de Manteco (h) | Leporinus friderichi 0.05 1
Caré (olc) Serrasalmus sp. 0.217 6
Caribe (¢) Serrasalmus sp. 0.754 1




Caribe (c) Serrasalmus sp. 0.318 1
Caribe () Serrasalmus sp. 0.446 2
Caribe (C) Serrasalmus sp. 0.203 2
Caribe (c) Serrasalmus sp. 1.210 1
Caribe (c) Serrasalmus sp. 0.013 1
Curvinata (c) Plagioscion squamosissimus 2.52 1
Coporo (d) Prochilodus mariae 0.189 5
Mataguaro () Crenicichlamacrophtalmus 0.106 1
Mataguaro () Crenicichla lugubris 0.138 5
Mochoroca (0) Aequidens geayi 0.395 6
Mochoroca (0) Aeguidens portaroensis 1.360 3
Morocoto (o/h) Piaractus brachipomus 0.014 1
Morocoto (o/h) Piaractus brachipomus 0.03 1
Palambra (0) Brycon cf. coquenani 0.037 1
Paambra (0) Brycon cf. coquenani 0.055 1
Puydn (c) Pimelodella sp. 0.391 2
Sardina (d) Curimatopsis sp. 0.065 9
Sardina (d) Curimata spilura 0.24 21
Sardina (d) Curimata spilura 0.088 3
Sardina (d) Curimata spilura 0.068 4
Sardina (d) Seindachnerina argentea 0.029 1
Serra (o) Opsodoras sp. 0.233 1
Sierra (0) Opsodoras sp. 0.099 2
Sierra (0) Opsodoras sp. 0.205 1
TOTAL 87

61

5.4. Bioaccumulation in Hydroelectric Reservoirs

The mercury bicaccumulation process in man-made reservairs is a phenomenon recently recognized in severd
countries such as USA, Canada, Sweden, Finland, Brazil. In many cases, no pecific pollution source is
identified and it is attributed to a global effect.

In 1969, public attention was focused on mercury pollution in Canadian waterways when the Dept. of
Fisheries embargoed commercid fishing catches from reservoirs located in Manitoba and Saskatchewan. In
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1970, a graduate student showed the highest® levels of Hg yet reported for freshwater fish anywhere in the
American continent and possibly the world. Fish from the Wabigoon Englight River system were polluted with
Hg. Severd Hg sources were identified: wastewaters from a pulp and paper factory and from a chlor-akdli
plant. Ojibway Indians who had fish as their main diet, exhibited symptoms of mercuridism (D'ltri and D'ltri,
1977). However, occurrences of elevated Hg leves in tissues of fish from regions considered to be remote
from sources of Hg were also reported. The reasons appear to be related to (Bodaly et a., 1984):
1. acidification of surface waters,
2. recent impoundments, usualy in connection with hydroe ectric dams.

The earliest documentation in the literature of mercury in fish from recent impoundments gppeared in 1974,
when Smith et d. (1974) reported high mercury leves in fish from Willard Bay Reservoir in Utah, U.S.
Although no specific source of pollution was identified, about 74% of fish from this reservoir had Hg levels
above 0.5 ppm. In United States the maximum alowable Hg content for commercia fish are:

1 mg/kg (ppm) for shipment exported to the U.S.

0.5 mg/kg (ppm) for domestic markets.

Almog 30 case dudies of high Hg leves in fish in man-made reservoirs are reported by Stoke and Wren
(1987). In many cases, mercury sources were not identified but the influence of the submerged vegetation,
type of organic matter and bacteria in flooded sediments were recognized. As seen in chapter 4.3 of this
report, organic matter plays a significant role in mercury mobility as complexes. In impoundments the increase
of mercury bicavalability are usudly rdaed with qudity and amount of flooded vegetation and humus.
Hypotheses rdating specificaly to the factors controlling Hg levels in fish from recent impoundments include
(Stokes and Wren, 1987):

amount and quality of organic matter in flooded sediments affect microbid activity;

rates of methylation in the flooded area increases,

shoreline eroson influences the amount of organic meatter;

composition of upper soil horizons and vegetation in the flooded area influences the organic matter

content;

limnologica characterization of the reservoir influence the sedimentation of organic meatter.

Some microorganisms are capable of promoting mercury demethylation, i.e. transforming Me-Hg into metdlic
mercury. Because Me-Hg production in sediments results from a reversble process, the actud Me-Hg
production may be governed by how quickly the Me-Hg is removed from the sedimentsinto overlying waters
(Parks et d., 1984). Billen et d., (1974) studying a heavily (inorganic) mercury polluted sediment from a
Begian river showed that not dl methylmercury-resistant bacteria can minerdize methylmercury. They point
out that in inorganic mercury polluted environments equilibrium can be reached, between the methylation and
the demethylation activities of the bacteria communities. In other words, the competition between bacteria
which demethylate and bacteria which methylate will determine the rate and extent of Me-Hg produced. The

® Analyzing 510 fish, Fimreite found 28 ppm Hg in anorthern pike, 20 ppm in walleye, 10 ppm in bass and 25 ppm in burbot.
At Minamatathe record was 24.1 ppm analyzed in a disabled fish that floated on the surface and 39.0 ppm in shellfish from
the bay.
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conditions created when soils are flooded appear to favour bacteria community which methylates. This
increases the methylation rete.

Kely et a. (1994) studying Canadian reservoirs concluded that concentrations of total Hg in sediments is not
agood predictor of Me-Hg and that certain environments enhance rates of Me-Hg production relative to total
Hg concentration. The rate of biologica methylation is determined primarily by the concentration and form of
available Hg in the aguatic system as well as the methylating capacity of the microbes. The physicochemica
and biologica characterigtics of aguatic systems aso contribute to the rate of methylation and its subsequent
biocaccumulation in fish. Mercury biomethylation occurs mainly in sediments and its extent depends on their
characteridtics. In soils or aquatic environment (sediments) only a smdl portion of the total Hg exigts as Me-
Hg, ranging from 0.1% to 1.4%.

In Québec, reservoirs condructed on La Grande River were studied over the period of 1978-1982.
Comparing Hg in fish for pre-impoundment with post-impoundment conditions, the Hg levelsincreased up to
5.5 times in carnivorous species (Stokes and Wren, 1987). Even natura lakes in Québec have increased Hg
levels in sediments of 2.5 times the pre-indudtrid levels. Mogt of the aiborne mercury of anthropogenic origin
that has been falling to the ground for the past 50 years has been retained by the partialy degraded organic
matter of the forest soil. Following impoundment, microbid degradation of the Iabile organic fraction leads to
strongly reducing conditions, methane evasion and nutrient release. The mgjor change in the Hg geochemistry
of soils after impoundment is the gradua methylation of 10 to 30% of the Hg formerly present (Lucotte et d.,
1995)

Verdon et d. (1991) edtimated that between 20 to 30 years are needed to return Hg in fish to the pre-
impoundment levels. The problem is becoming so grave in some Canadian reservoirs that Herculean solutions
are suggedted: the emptying of the reservoir after an initid flooding, followed by a find impoundment
(Morrison and Thérien, 1991).

Fish from reservoirs in northern Manitoba showed high Hg levels. No man-made source of Hg could be
precisdly identified. The high Hg background of organic soils associated with impoundments stimulates
biomethylation and subsequent incorporation of Me-Hg in the aguatic biota. Naturd forest fires were dso
attributed as an additiona source of mercury emisson. The amount released annudly to the aimosphere from
naturd fires in the bored forest region of Manitoba was calculated a 20 g Hg/ha representing only 0.02% of
the provincid annual emissons from natural sources which cregtes high short-term emissonsin the form of a
pulse. The evauation assumed 0.4 ppm as the Hg concentration in timber, but about 0.08 ppm was
consdered lost during fires (Williamson, 1986).

Located in the southern region of Para State, in Braxzil, the Tucurui dam was Brazil's firgt large hydrodectric
project in the tropics. The 106 m dam impounded the Tocantins River and 2,830 km? of inundated area
produces 8000 MWatts. The Tucurui port differs from the rest d the reservoir in its degper water and
absence of gtanding timber. A recent study conducted by Finnish researchers observed that predatory fish
caught near Tucurui port, in which the forest was cleared before flooding, showed sgnificant lower Hg levels
than those sampled in other parts of the reservoir (Boonstra, 1993).



5.5. Bioaccumulation in Guri

In the Guayana Region, an officia resolutior? suggested that fish from Guri should be exploited commercialy.
For this purpose, a Committee was created involving limnologigts, biologists and toxicologigts from CVG,
Min. Environment, Min. Agriculture, Nationd Guard, Univergties, Non-Governmental Organizations, etc.
The head of the Committee was Mrs. Maria Virginia Vdenzuda CVG-Vice-presidency of Agriculturd
Development. A monitoring fish program was determined to check Hg levels before sarting commercid
activities. This program was conducted by a group of professonds led by the biologist Luis Perez from
"Fundacion La Sdle' (NGO).

About 219 fish samples were captured in 7 different areas of Guri during the dry season (April, 1995). Three
labs were involved to andyze Hg in fish tissues. Two labs obtained consstent data. The Table 5.5 shows Hg
results of 157 fish samples consdered with highest rdliability. About 52% of samples were carnivorous fish.

Table 5.5 - Mercury Levelsin Fish from Guri reservoir (Guri Committee, 1995)™°
(Average Hg - mg/kg in muscles of fish)

Fish Fish Hg Hg n Remarks

name (scientific name) (ppm) range on Hg level
Aimara(c) Hoplias malabaricus 1.32 0.5- 455 5 high
Caribe (c) Serrasalmus sp. 0.51 - 1 high
Coporo (d) Prochilodus nigricans 0.17 0.04-0.84(7) | 61 low
Curvinata(c) | Plagioscion squamosissimus 0.80 0.16 - 2.96 39 high
Guitarilla(c) | Oxydoras niger 0.28 0.09 - 0.46 14 medium
Pavon (¢) Cichla ocdllaris 0.32 0.14-0.54 6 medium
Payara (C) Raphiodon vulpinus 2.70 0.17 - 8.25 31 vey high
TOTAL 157

n = number of samples

An interlaboratoria program was conducted involving Hg analyses of ten samples (coporo, curvinata, pavon
and payara) in four labs: three Venezudan and one Brazilian lab. The corrdation factor ranged from 0.96 to
0.98 among the three labs. One Venezudlan lab has shown poor correlation with the other labs (ranged from
0.66 to 0.78). Obvioudy the results of this lab were not consdered. The Brazilian Iab, from Universdade
Federad do Rio de Janeiro, Dept. of Biophysics is a reference lab for Hg andlysis with andytical programs
with Swedish and Japanese Indtitutions.

No pre-impoundment deta are available, however the effect of an impoundment to eevate Hg concentration
in fish tissue is strongly indicated. From 219 fish samples, 93 specimens (or 42.4%) showed levels above 0.5
ppm Hg. From 157 samples, 40% were with Hg levels higher than 0.5 ppm Hg. About 90% of payara

°Resolution # DM/09 of Ministery of Agriculture and Farm and # DM/18 Ministery of Environment and Natural Renewable
Resources of Feb 16, 1995.
1% Data from Guri Committee are unpublished
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samples, which is the most gppreciable fish in the region, have shown Hg levels above 0.5 ppm which is the
guideline recommended by World Heath Organization for human consumption. Other carnivorous species,
such as amara and curvinata have shown average Hg levels above 0.5 ppm. Only six samples of pavon were
collected and the Hg level were medium to high, but a definitive diagnosis should be supported based on
more samples. Only one sample of coporo andyzed 0.84 ppm and this seems unrdliable. In genera coporo
samples, which is a detritivorous fish, have shown low Hg levelsin edible parts.

The natural background in fish has been estimated to be between 0.05 to 0.3 ppm Hg and may be less than
0.01 ppm in short-lived herbivorous species (Suckcharoen et d., 1978). However, the tolerance™ limit level
of Hg in fish is a variable vaue adopted by many countries to control Hg content in edible parts. 0.5 ppm
(mg/kg wet weight) is used by USA, Canada, and Brazil; 0.7 ppm by Itay; 1 ppm by Finland, Swveden and
Jgpan (Johansson et d, 1991; Hacon, 1990). Venezueda has no officid guiddine for Hg infish.

Guri does not have a highly productive water system. The fish distribution, according to Luis Perez (persona
communication) is gpproximetely asfollow:

80% of fish are coporo,

15% are aimara,

3% are pavon,

2% are other species.

The high levels of Hg in carnivorous fish cry out for an educationa campaign for the fish-egting people of Guri
region. Commercid fishing should be suspended for while and more studies must be done to support future
decisons of the Guri Committee and other authorities. Coporo, a detritivorous fish, which represents the
largest mass of fish in the reservoir, does not reproduce in the impoundment. Its Hg level islow and it seems
that no redtriction for consumption should be gpplied. | was told that coporo mest is not very tasty due to its
detritivorous habit. Cooking recipes are a good way to promote consumption of coporo in the region.
Canned coporo mixed with other carnivorous species of Guri, which have better taste, can be another
solution to dilute Me-Hg and to give a controlled commercid use for Guri fish.

In James Bay, Canada, most fish from La Grande hydrodectric dam are Hg-contaminated. A very ussful
brochure™ informs the general public about Hg sources, biotransformation of mercury, mercury in the human
body, dietary recommendations, etc. The booklet dso includes a list of recipes in which fish is diluted with
vegetables reducing the amount of Me-Hg ingested. One example is as follows.

Express Fish Casserole (4 serving):
1 b fishfillets,
4 medium potatoes, peeled and dliced
1 can (12 ounces) kernel corn
1 can (10 ounces) green peas
salt and pepper

" Thislevel is established for an average ingestion of 400 g fish weekly.
' copies are available in: Cree Board of Health and Social Services of James Bay Mercury Program. 1610, Ste. Catherine
West # 404, Montreal, Québec, H3H 2S2 Canada. fax: 001-514-9897273
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The hedth effects of ingesting contaminated fish are discussed in the next chapter of this report. The guiddine
of 0.5 ppm Hg is a smplification for legd purposes. The amount of methylmercury ingested dally is the main
point to be observed. Based on a maximum ingestion of 15 ug Me-Hg daily, Pommen (1991) brought up a
table (Table 5.6) to inform how many grams of fish with different Hg concentration can be ingested weekly.
Based on the Table 5.6, even those fish species with Hg levels below 0.5 should be consumed moderately.
The World Hedth Organization has adopted an ADI (Allowable Daily Intake) level less conservative than
that of the Canadian guiddine. For WHO an ADI of 30 pg Me-Hg is a safe condition. The James Bay
Committee has used an ADI of 90 ug Me-Hg.

Table 5.6 - Rdaionship of Hg leve in fish and quantity consumed

(Pommen, 1991)
Concentration of Total Mercury in Edible Safe Quantity for Weekly Consumption
portion of fish and seashell (grams of wet weight)
(ppm or mg/kg of wet weight)
0.5 210
0.4 260
0.3 350
0.2 525
0.1 1050

As used by the James Bay Commiittee in Québec, a Smple table can be distributed to the public to inform
which kind of fish from Guri can and cannot be consumed (Table 5.7). The Table 5.8 shows that for
subsstence consumption (which is usudly about 200 g/day), just coporo, with redtrictions, should be
ingested. This conclusion was based on the following criteria

ADI of 15 pg Me-Hg for children and pregnant women,
ADI of 30 ug Me-Hg for other adults.

Table 5.7 - Dietary recommendations for Guri inhabitants

(who hasfish as main digt)
Species of Fish Pregnant Women Others
and Children
amara, caribe, curvinata,
pavon, payaraand other no consumption no consumption
predators
coporo, guitarrillaand other occasona consumption occasona consumption
non-predators (1-2 times weekly) (3-4 times weekly)

In generd, fish consumption from any fresh water system should be reduced. The post-indugtrid background
of mercury in fish from al fresh waters around the world has been risng due to a globd increase in indudtrid
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emissions to the amaosphere. The consumption of al types of fish from Guri definitdly must be reduced and
inhabitants mugt be informed immediately.

Table 5.8 - Safe consumption leves of fish from Guri

grams of fish consumed weekly
Children or Other Adults
Fish name Pregnant Women

Aimara (c) 80 160
Caribe (c) 200 410
Coporo (d) 620 1230
Curvinata (c) 130 260
Guitarrilla (c) 380 750
Pavon (¢) 330 660
Payara (C) 40 80

The information must be reliable and well ddivered to avoid misnterpretations. Unfortunately in a brief press
mesting in Caracas, on September 13, 1995, my declarations were misunderstood and the journdists have
confused that 40% of fish samples of Guri are with Hg levels above 0.5 ppm and they published that “40%
of all fishes in Guri are contaminated"”. | have stressed that the Venezudan press has an important role in
this matter, but the first press information was frustrating and false darm was crested. In Ciudad Guayana, |
gave interviews to journdigs of Universty of Guayana and CVG who published an outstanding matter
informing correctly and impartially what is going on in Guri. However, in the same newspaper, declarations of
alocd toxicologist created confusion: “...coporo was considered a highly contaminated fish and miners
are responsible for annual discharges of 40 tonnes of mercury into Caroni river". The figure of 40
tonneslyear, previoudy reported by Bricefio (1989-op.cit.), is the result of a biased opinion rather than
scientific data It appears that attacking miners salls more newspapers then providing correct information for
affected communities. The current political environment in Venezuda (regiond eections) is not propitious for
impartid declarations. It is most unfortunate thet the affected Guayana communities are in the middle of this

political “game’”

Asfish are an important diet for local communities, alarge educationa program must be prepared aswell asa
food option should be offered and developed by authorities. Signs must be spread (surely in Spanish) out al
over the Guri region and newspapers (examplesin Fig. 5.1).
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Fig. 5.1 - Examples of Sgnsto indicate fish pollution.

| have taked with Mr. Alfredo Lezama from CV G-V P Environment, who told me stories about use of Hg by
old miners in the Manteco region around the Guri reservoir. We taked to Don Carlos Amaya, an 85 year-old
miner, who has confirmed that mercury was extensively used by manud panners in Manteco in the first gold
rush to this area (1934). The firg inundation of Guri occurred in 1968, flooding 800 kn. In 1986, the dam
flooded 4000 knt. Before 1986, mi ning activities have occurred on shoreline as wel asin the river (barges).
Mercury was used.

Luis Babas, arenowned biologist of CVG-EDELCA cdled my atention for the fact that there is a possibility
that pesticides were used in the 70sin corn farms near Guri dam. Profauna professonds argued that thisis a
remote possibility but it will be investigated. Mr. Babas aso mentioned that migratory habits of fish are
reduced in atificid reservoirs. Many pavon specimens marked by EDELCA tr migration studies were
captured in the same Site one year later. In contrast, payarais a migratory fish.

Professonas from CVG-EDELCA, gave me the area deforested with fire by farmers from 1982 to 1994
around the Guri reservoir. Congdering that mercury contained in plants is around 50 pg/kg and different types
of vegetation have different biomass (Veigaet d. 1994; Veiga, 1994; Meech et d., 1995), then the amount of
Hg emitted by forest fires is caculated and depicted in Table 5.9. "Matorrdes’ comprise of smal trees and
the biomass is lower than that of a forest. As the biomass is unknown for this type of vegetation, | assumed
that the Hg content should be lower than that of aforest and greeter than that of savannah. This estimates that
somewhat around hundreds of kg of Hg (200 to 400 kg) were emitted to the atmosphere and a part of this
reached Guri increasing the Hg input.

Table 5.9 - Hg likely emitted by forest fires around Guri
(estimate based on data from Veiga, 1994)

Typeof Vegetation | Areaburnt (ha) | gramsHg emitted/ha kg of Hg emitted
Forest 5,700 15 85.5
"Matorrales’ 22,400 5 112
Savannah 79,500 2 159




69
In spite of the methylation process occurring on submerged mercury dumped by miners in the pag, the main
mercury entry to Guri is likely from atmaospheric precipitation. Suspended particles with mercury adsorbed as
well as mercury dissolved as organic-complexes carried by Caroni River possibly represent a minor source of
Hg input into Guri.

Studies in Bazil (CETEM 1989, 19913, 1991b) have shown that metalic mercury vapour from miners do
not travel very far. However, a minor part of this mercury can be associated with aerosols to go farther.
Mining activities are only one source of emisson. Industrid activities, combustion processes, and naturd
degassing are other common sources of Hg emission. Atmospheric mercury is deposited on soil changing the
lithogenic background. Mercury usually becomes associated to organic matter of upper soil horizon where
complexation and methylation occurs. Soluble mercury compounds are quickly absorbed by aquatic biota. In
Washington State, U.S., about 1.2% of the mercury content in humus (0.22 ppm) is dready in methylated
form.

We can hypotheticaly assume that Guri ®il before flooding had 0.1 ppm Hg in which 1% was dready
methylated. Considering that 1 n? of soil with thickness of 0.1 m has 100 kg of materid, then 1 n? of Guri
s0il had 0.1 mg of methylmercury. The flooded area was 4000 km? which leached 400 kg of ®luble
methylmercury into the Guri water syssem. The Guri Committee has estimated that 20,000 tonnes of fish is
exploitable annualy from Guri. So, assuming thet the fish biomass is 20 times this number, so this exercise
indicates that the leaching action of flooding was enough to devate the Hg leve of dl fish to 1 ppm in the first
sep of inundation. Thisis an goproximation and Hg is accumulated differentialy by the position of each fishin
the trophic chain. However, this is indicative that Me-Hg washed out by flooding was an important source of
Hg contamination in 1986 when the reservoir was filled. The decompodtion of submerged vegetation,
bacterid activity and qudity of organic matter are establishing the methylation rate of naturd and industrid
(indluding mining) mercury which is submerged.

The Figure 5.2 compares the bioaccumulation results of Guri and "Bgo" Caroni. About 50% of fish samples
from Guri and 40% of samples from “Bgo” Caroni were carnivorous. In spite of this smdl difference, the
impoundment effect on Hg bioaccumulation processis clear.

Researchers of "Fundacion La Sdle'(a catholic non-governmenta organization) and other inditutions are
currently investigating the impoundment effect in Macagua 2 dam. This is a smdl reservoir (47 ke) that
started to be flooded on July 1, 1995. Macagua 2 is a dam created to increase the hydroelectric capacity of
the Macagua 1 plant which is located in the urban area of Ciudad Guayana. We set up a team of researcher
to determined pre-impoundment Hg levelsin fish. Mr. Migud Rodriguez, from Plexus lab is collecting samples
for andyss Dr. Luzmilla Sanchez and Mr. Luis Perez from La Sdle are studying changes of the limnologica
characteridtics of the impoundment as well as arranging limnocurras to sudy effects of Hg levelsin sediments
and remedia procedures. EDELCA provided a smdl financid support for Dr. Rodriguez. La Sdle is
spending its own resources.
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Fig. 5.2 - Comparison of Hg levelsin "Bgo" Caroni and Guri.

In order to compare the Hg levels of Guri with other contaminated areas in gold mining fields in Braxzil, a brief
description of results is provided as follows. In alarge monitoring program, the Secretary of Mining of Par&
State (SEICOM) obtained an average of 0.5 ppm Hg in 20 carnivorous fish collected in Tapgos River,
Itaituba, the biggest gold mining region in Brazil. In Jacareacanga, avillage 250 km downstream from Itaituba,
Cichla océllaris, the same as pavon in Venezuela and one of the most edible speciesin the Amazon, showed
an average of 0.43 ppm. Five samples of payara, or "peixe cachorro”, how it is known in Brazil, showed a
maximum Hg content of 0.91 ppm Hg. The Table 5.10 shows that the results of fish tissue andlysesin gold
mining aress in Tapa6s River, Brazil, are higher than those found in the Guri dam in Venezuda

Barbosa et d. (1994) showed that 22% of the piscivorous fish from the Madeira River in which thousands of
barges have amagamated gold on board, have Hg levels higher than 0.5 ppm. In other work, Boischio and
Barbosa (1994) showed that ingestion of herbivorous fish should be encouraged among riverine communities.
As depicted in Table 5.11, the average Hg content in carnivorous fish is 10 times higher than in herbivorous
ones.

As CVG-EDELCA has plans to build another 2 hydrodectric dams in the lower part of the Caroni River
(Caruhachi dam with 255 km? and Tocoma dam), remedid procedures must be studied immediately.

Mercury at the bottom of the river, dumped by former mining activities, can be dredged or covered (thisis
discussed in Chapter 7 of this report) and vegetation can be cut before flooding, but these paliative measures
will just reduce but will not avoid Hg bioaccumulation.

Table 5.10 - Hg in carnivorous fish from Tapgés River
(adapted from unpublished data from SEICOM)

Fish Hg (ppm) n Range (ppm)
[taituba

Pescada (Plagioscion squamosi ssimus) 0.43 33 0.072-1.23
Tucunaré (Cichla ocdllaris) 0.42 23 0.18- 0.96

Jacar eacanga

Peixe-cachorro (Rhaphiodon vulpinus) 0.69 5 0.52-091
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Jacunda (Batrachops sp) 0.47 3 0.46 - 0.48
Surubim (Pseudopl atystoma fasciatum) 0.46 2 0.42- 051
Tucunaré (Cichla ocellaris) 0.43 10 0.21-0.93
Mandi (Pimelodus sp) 0.28 6 0.24-0.38
Piranha- mafura (Serrasalmus cf. striolatus) 0.10 6 0.051- 0.17

n = number of samples analyzed

Table5.11 - Hg in fish from Madera River
Source: Boischio and Barbosa (1994)

Trophic level M ean (ppm Hg) Range (ppm Hg) | number of samples
carnivorous 0.74 0.076 - 2.21 116
omnivorous 0.35 nd- 0.75 88
detritivorous 0.16 0.03- 0.96 58
herbivorous 0.074 nd- 0.5 56

nd = not detected (<0.02 ppm)

5.6. Bioaccumulation in Other Mining Areas

The river Supamo is an afluent of the Pargpapoy River which is an affluent of the Caroni River. The
Parapapoy River has a flowrate of 15 n#/sec; the water is rich in organics and dightly acidic. The Anima
Disease Laboratory of Illinois analyzed totd Hg in 22 samples of 8 fish species collected in areas of gold
mining activities. Just one specimen of amara (Hoplias macrophtalmus) of 60 cm has shown Hg leve above
0.5 ppm (0.67 ppm). The authors concluded that based on their samples, the bioaccumulation is low to
medium (Nico and Taphorn, 1993).

In June, 1991, 66 samples of 16 fish species from the Cuyuni River catchment were analyzed by Llaneza et
d. (1991). Just one sample has shown Hg levels above 0.5 ppm. As this fish sample showed aworld record
of Hg levd (28 ppm), suspicion about the anaytica result is raised. These authors andyzed Hg in water
filtered through 0.45 um membrane filter to determine the amount of "soluble Hg". Results as high as 22.5 ppb
(ng/) were highlighted. This however does not mean that Hg is in solution as the authors have indicated.

Voyutsky (1978) defines colloidd particles those with size ranging from 0.1 to 0.001 um. Usudly, in natura
systems, mercury is predominantly adsorbed by colloidd particles rather than to be in solution. For drinking
water, colloids can be flocculated in water trestment systems. In terms of Hg methylation, i.e. transformation
of Hg-organic complexes into Me-Hg, probably, Hg in colloida particles can play a role asimportant asHg
in solution. These soluble Hg complexes can be adsorbed by colloids which serve as support for methylating
bacteria. So, when researchers are andyzing Hg in "waters' the term should be defined and this does not
mean that bioaccumulation is occurring. To analyze dissolved Hg, ultra-centrifuged water can provide better
result.

A recent report from a Canadian mining company, Placer Dome, has shown analyses of 37 samples of 4 fish
pecies collected in creeks and rivers around km 88. Thirteen samples of the carnivorous species
Serrasalmus rhombeus analyzed mercury concentrations ranging from 0.212 to 13.9 ppm Hg. Samples of
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Ageneiosus guianensis, Platydoras costatus and Hoplias malabaricus have dso shown high Hg levels.
Based on this study, bicaccumulation is definitely a problem in highly contaminated Sites in the mining aress of
km 88 (Bruce, 1994). A systematic Study is recommended.
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6. Mercury and Human Health

Is mercurialism sexually transmitted ?
afemde sudent in Tumeremo

Mercury accumulaion in humans has two main pathways:
1. occupational exposure to vapours,
2.  methylmercury trandferred by fish.

6.1. Hg Vapour Exposure

Inhalation of Hg vapour is more significant for miners and gold shop workers. Once n the lungs, Hg is
oxidized forming Hg (1) complexes which are soluble in many body fluids. The ultimate effect of Hg and
related compounds is the inhibition of enzyme action (Jones1971). Cases of occupational mercury exposure
are reported in avariety of workplaces. Some high values of Hg in air arelisted in Table 6.1.

Oxidized mercury can easly diffuse across the blood-brain barrier which is a series of multiple sysemswhich
regulate the exchange of metabolic materid between brain and blood. The impairment of the blood-brain
barrier, together with the possble inhibition by Hg of certain associated enzymes will certainly affect the
metabolism of the nervous system (Chang, 1979).

Table 6.1 - Cases of occupational exposure to Hg vapours

Hg (ug/m3) Workplace Reference
60,000 amagam burning in a"'garimpo” Malm, 1991
12,000 dentigt office (amagam retorations) Stopford, 1979
6,000 underground cinnabar mining Stopford, 1979
3,000 police office - finger printing powder Stopford, 1979
1,000 filling operation of fluorescent lamps Stopford, 1979
300 gold deder shop in Rondonia, Brazil Mam et d., 1990
100 chlorodkali plant & thermometer factory Stopford, 1979
30 lighthouse in British Columbia van Netten and Teschke, 1988

NOTE: background in cities Hg is 0.01 pug/m?3 (Matheson, 1979)
limit for public exposureis 1.0 pg/m3 (Mam et a., 1990)
limit for industrial exposure 50 pg/m? (BC-MEMPR, 1992)

Hg vapour is completely absorbed through the dveolar membrane and is oxidized in the blood and tissues
before reacting with biologicdly important stes (Mitra, 1986). The biologicd hdf-life of Hg in blood
absorbed as vapour is about 3 days (Hacon, 1990) when it is excreted through urine and feces. The time
interval between passage of demental Hg through the aveolar membrane and complete oxidetion is long
enough to produce accumulation in the central nervous system (Mitra, 1986). In Jgpan, workers with a peak
urinary Hg concentration of 600 g/l showed neurobehaviora disturbances 20 to 35 years after the exposure
(Satoh, 1994).
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The kidneys are the affected organs in exposures of moderate duration to consderable levels while the brain
is the dominant receptor in long-term exposure to moderate levels (Suzuki, 1979). Tota mercury eimination
can take severd years. The haf-life of mercury in the brain islonger than in the kidney, thus urine levels would
not be expected to correlate with neurologica findings once exposure has stopped. A short-term exposure to
high leves causes dinica symptoms which mainly involve the respiratory tract. Mercury leves in the urine of
new workers should be lower than those of workers with a longer duration of exposure (Suzuki, 1979;
Stopford, 1979).

The symptoms usudly associated with undue Hg vapour exposure are erethism (exaggerated emotiona
reponse), gingivitis and muscular tremors. This latter is a symptom associated with long-term exposure to
high levels of Hg vapour. The common manifestation of chronic exposure to excessive levels of Hg vapour is
metdlic tase and gum diseases, such as gingivitis, ulcers and formation of a blue line & gum margins
(Stopford, 1979). A person suffering from a mild case of Hg poisoning can be unaware because the
symptoms are psycho-pathologica. These ambiguous symptoms may result in an incorrect diagnosis (Cassidy
and Furr, 1978).

Typicd symptoms of long-term Hg-vapour poisoning were patterned by the Mad Hatter in Lewis Carroll's
Alice's Adventures in Wonderland. Back in the 19th century, workers in the fdlt-hat industry dipped furs
into vats of mercury nitrate solution to make them pliable for shaping. In the process they absorbed the
compound through their skin and inhaled mercury vapour. The result was tremors, loss of teeth, difficulty in
waking, and menta disability (Putman, 1972).

Since inorganic Hg poisoning affects liver and kidneys, high Hg levelsin the urine can indicate undue exposure
to Hg vapour. Experiments with animas indicate continuous exposure to Hg above 0.3 pg/n® of ar may
present a hedth hazard. Acute Hg poisoning, which can be fatd or can cause permanent damage to the
nervous system, has resulted from inhalation of 1,200 to 8,500 pg/n® of Hg (Jones, 1971).

A leved of 60,000 pg/m? was measured by Mam (1991) in the ar when amagam is burnt in pans. This
number reduces to as low as 10 mg Hg/m? when retorts are used. Thisis il high, but lower than the limit of
50 pg Hg/ms for industria exposure - TWA® (BC-MEMPR, 1992). Inside the gold shops, Mam (1991)
measured 83 ug Hg/me as a mean concentration for 2 hours of sampling when gold was not being melted.

GEDEBAM (1992) investigated the effect of mercury in Brazilian miners who have burnt amagam in pans.
Samples d urine have shown high Hg leves (as high as 370 pg/l) for workers burning amagam daily (Fig.
6.1). Some of these individuds should show signs of mercuridism, however the diagnoss is not easy as
symptoms are often confused with fever, acoholism, maaria or other tropica diseases.

B TWA = Time Weighed Average means the time weighed average concentration for anormal 8 hour day and 40 hour
workweek, to which nearly all workers can be repeatedly exposed without adverse effect.
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Fig. 6.1 - Hg in blood and urine of workers burning amagam daily in Brazil.
(Adapted from GEDEBAM, 1992)

Despite the fact that blood analys's gives a combined picture of both metdlic and organic Hg contamination,
studies by GEDEBAM (1992) show that blood is a better indicator of undue vapour exposure than urine
samples for miners who burnt amalgams occasionaly. According to A. Boischio (Univ. Indiana, persond
comm.), an expert in Hg toxicology, urine andyss is a complex task and a low Hg concentrations, sampling
and analytical problems are usud, with considerable random variations.

In Venezudla, Plexus (1990), a consulting company for occupationd health issues, studied 84 minersfrom
"Bg0" Caroni when mercury was extensvely used (before 1991). The report concludes that 64% of the
miners sampled have Hg levels' in urine above 50 pg/l. The symptoms detected were: gingivitis, tremors,
headache, irritability and change of persondity. When Amagamation Centers were built, Schulz-Garban
(1995) studied 20 employees of these centers. She detected that 8 individuals had Hg levels above 50 pg/l
and 4 of them have shown symptoms of poisoning such as somach irritation, nausea, sexual dysfunction,
headache and character dteration. Mercury levels in urine as high as 460 pg/l were andyzed. The Hg
concentration in air can reach up to 60 mg/m? during a retorting operation. This is a clear indication of poor
quality of these retorts. When retort are opened, Hg in ambient air can be as high as 250 mg/m? for a couple
seconds, reaching the background level in 20 to 40 seconds.

 Limits based on European Community assessments for total Hg in urine samples of workers (OECD, 1974):

Hg (ug. 1 or ppb) SITUATION
<10 unexposed
10-50 quarterly exam needed
>50 removal from Hg source
100-500 clinical symptomslikely
> 500 clinical symptomsvisible
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6.2. Methylmercury Exposure

When contaminated fish are consumed, methylmercury is the main form to be trandferred to human beings.
Organomercurids are more available for intestind absorption (> 90% in mice). These pass into the blood
dream and are digtributed throughout the tissues. Kidney accumulation is lower than with inorganic Hg
compounds, but the brain is affected sgnificantly. According to Dr. Akagi from Minamata I ndtitute (persond
communication), Me-Hg poisoning, or "Minamata diseass”" hasfive classcd symptoms:

1. visud condriction
numbness of the extremities
imparment of hearing
imparment of goeech
imparment of gait

o~ WD

The firg two symptoms are strongly indicative of the beginning of the illness. Muscular arophy and menta
disturbance are prominent in acute intoxication. Some cases of long-term effects of mercury are reported.
Forty-nine cases of people who lived in the Minamata area around 1956, but departed afterward, are
reported by Harada (1978). They had eaten contaminated fish for limited periods and the symptoms
gppeared many years after ingestion had been suspended. Studies on Iragi and Japanese patients revealed the
ddlayed appearance of neurologicd symptoms after a lapse of one year in persons who had devated Hg
levelsin hair but not confirmed neurologicd symptoms a the first examination (Suzuki, 1979).

The effect of Me-Hg on the human body in terms of the degree of contamination is thought to be as follows.
when Me-Hg enters the body in large doses™, there are symptoms of acute brain damage such as aberrations
of consciousness, convulsons, and pardyds, followed by death. When the Me-Hg intake is lower, mild,
atypical or incomplete symptoms may appear or another disease may be manifested. Previoudy, it was
thought that the harmful effects of Me-Hg were confined to the nervous system, however it has become
apparent that effects on other organs must also be considered (Harada, op.cit.).

Me-Hg can penetrate into the placenta barrier transferring mercury to the fetus. It has been observed that
when afemaés intake of the poison islarge and she becomesiill, sterility occurs. When the dosage is smaller,
pregnancy can take place but the fetus may be aborted spontaneoudy or is illborn. An even smdler dose
permits conception and live birth, but the baby will have severe neurologicd symptoms. A dosage too smdl to
cause noticeable neurologicd symptoms in the child may cause congenitd mentd deficiency. But in any of
these cases, the mother's symptoms are relatively mild. It was observed in Irag that materna milk contained 5
to 6% of the organic mercury concentration andyzed in the mother's blood (Harada, 1978; Bakir et d.,
1973).

Mercury in hair from the scdp isagood indicator of Me-Hg exposure. Hair grows about 1 cm per month and
accumulates Me-Hg during its formation showing corrdation with Hg blood levels. Although har andyssis

> Accumulation of 30 mg of Me-Hgin a70 kg adult (0.43 ng/g of body) causes sensory disturbance and 100 mg (1.4 ng/g of
body) causes all typical poisoning symptoms (Harada, 1984). Laboratory studiesin cat and mice have shown that 30 g of
Me-Hg per gram of brain islikely the threshold level to manifest neurological symptoms followed by death (Nelson etdl.,
1977)
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affected by externa factors, such as use of dyes and exposure of Hg® vapour, the smplicity of the sampling
procedure and anayss indicate hair for toxicologica assessment. The norma Hg leve in har is less than 6
ppm and signs of Me-Hg intoxication can be observed with 50 ppm (mg Hg/kg of hair). Leves of 10 ppm
must be consdered as the upper limit guiddine for pregnant women (Skerfving, 1973). The James Bay
Committee (op.cit.) consders that 30 ppm Hg in hair is the maximum acceptable level for a men and women
40 years old and over. The Committee recommends that anyone with more than 60 ppm in hair must consult
adoctor (neurologist).

Although Me-Hg concentrates in the hair and epidermis, these tissues have small excretory rolesin reation to
the body burden. Variation in metabolism, detoxification, and excretion of the different types of mercuridsiis
considerable. Data on excretion of Me-Hg compiled by Nelson et d. (1971) show feca excretion of about
4% in the first few days and then 1% per day thereafter. Only about 0.1% per day islost in urine. In contrast,
inorganic compounds are very poorly absorbed by the gastrointestind tract, i.e. the mgority is flushed out of
the organism. However, Rowland et a (1977) showed that Hg(I1) ingested as a chloride can be methylated in
less than 20 hours by intestind bacteria They estimated that the total methylmercury synthesized from
ingested inorganic mercury in man is gpproximeately 0.4 mg/day.

The biologic hdf-life of Me-Hg determined by total body burden of birds is 70-84 days (Fimreite, 1979).
Measurements of blood levels of mercury and levels of intake of fish containing Me-Hg suggest that a direct
relationship exigts in man. Qarkson (1973) compiling results from other authors showed that, for a 70 kg
individua, Hg in blood (ppb) = 0.95 x Hg (mg) daily intake from fish. Hair values are about 300 times higher
than blood but this depends on which part of the hair is sampled (Nelson et d., 1971). In this case a
corrdation between Hg in the har in ppm (H), mass of fish consumed daily in grams (W;) and Hg
concentration in fish in ppm (F) is gpproximately obtained:
H=0.285xW; xF

So, a person consuming 200 g of fish containing 0.5 ppm Hg daily, would be expected to show around 30
ppm of Hg in hair samples. Thisis dearly an gpproximation snce many site specific variables must be taken
into account. The time following fish consumption aso plays an important role in Hg blood levels.

Hair from the scalp of people with no direct contact with mining was collected in different Sites along Tapg0s
River (Mam et d., 1993). The study concluded that riverine communities are the most affected. From 85 to
90% of Hg andyzed in hair was in methylated form and a correlaion with large carnivorous fish ingestion was
suggested. Despite high levels of Hg in hair (M = 25 ppm), no case of classcd Minamata disease symptom
has been recognized.

The impact of the high Hg levds in fish (0.009 to 2.75 mg/kg) can be seen from the high blood Hg levels for
resdents of Jacareacanga (10 to 206 pg Hy/l) (Fig. 6.2). Fish is the main diet of this community 250 km
upstream of the Tapgés River from mining activitiesin Itaituba region. So considering norma Hg blood levels
range from 6 to 12 pg/l (Krenkel, 1971), the gravity of the Stuation is gpparent.
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Barbosa et d. (1994) showed that the Indians from Madeira River Region, Rondbnia, Brazil, have more Hg
in blood (32 pg/l) than miners (17 pg/l) due to a higher fish consumption habit. About 3% of the fish edting
people showed Me-Hg concentration in hair ranging from 50 to 300 ppm.

Hg (mg. ™)
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Fig. 6.2 - Hg in blood and urine of fisheating people from Jacareacanga, Braal.
(Adapted from GEDEBAM, 1992)

In the Guayana Region, little information was available about Hg levels in hair of fish-eating individuds. Dr.
Migud Rodriguez, from Plexus, andyzed his own har in the Univerdty of Rochester with Dr. Thomas
Clarkson. The high Hg content (50 ppm) is due to high consumption of payara (Raphiodon vulpinus) from
Guri reservoir. Mr. Rodriguez dso andyzed Hg in hair of other fisheating inhabitants and levels as high as 70
ppm were detected. A congistent monitoring program to obtain information about fish habits, Hg levelsin hair
and symptoms is urgently needed.

6.3. Treatment

The catdlase-H, 0O, complex (compound 1) is responsible for oxidation of Hg® vapour to Hg (1) mostly in red
blood cells and liver. In the body, Hg (1) can aso be reduced to eementa mercury (Hg®). Since oxidation
depends on compound |, inhibition of its formation reduces the rate of oxidation, alowing the reduction
process to prevail. The formation of compound | is easly inhibited by ethanol. Elementa mercury, thus
produced, is exhaed from the lungs by ingesting ethanol (Satoh, 1994). The effect of ethyl dcohol in reducing
retention of metalic mercury in the organism was aso investigated by Magos et d., (1973) and Nidsen
Kudsk (1965). However Stopford (1979) commented on early work (1909) where patients with
mercurialism aggravated their tremors with wine. Recently one study demonstrated that in mice pre-treated
with ethyl-acohol, inhaded Hg was not accumulated in the brains. Instead, Hg was carried to the liver where it
is excreted (StOrtebecker, 1985).

Magos and Webb (1979) showed evidence of increasing Hg exhdation and decreasing Hg deposition in lung,
blood, heart and bran when acohol pre-trestment was applied to mice. Liver andyses showed Hg
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concentration increased. In spite of this evidence these authors prefer to be cautious when they say "a the
present it isimpossible to say whether ethanol is synergetic or antagonistic to the centrd nervous system effect
of mercury".

Exhdation of Hg after dcohol ingestion was examined in an ex-mercury miner of Itomuka, Japan. This miner
worked for 24 years and mining activities were discontinued in the early 70s. The Hg levelsin his blood and
urine were in the norma range of ron-exposed people. After 30 minutes of ingestion of 20 g of ethanal in
form of beer or "sake", the expired air has shown a peak of Hg concentration, decreasing after 120 min. The
author (Satoh, 1994) concluded that even years after cessation of Hg exposure an amount of Hg il

remained deposited presumably in the kidneys.

A medicament commonly administered for inorganic mercury poisoning, 2,3-Dimercaptopropanol (BAL) is
ineffective for Me-Hg poisoning. BAL even increased the Me-Hg concentration in brains of animals.

Vitamin E is another efficient safeguard for cell membranes and dso can neutrdize toxic effects of severd
heavy metds. Vitamin E isawell known antioxidant which reportedly stabilizes plasma membranes. However
the protective mechanism of vitamin E againg the toxicity of Hg is probably more complex than smply
antioxidative action alone (Stortebecker, 1985).

Severad mercury-binding compounds were administrated to patients poisoned with methylmercury (Me-Hg) in
Iraq in order to enhance excretion of Hg. Two of them gave better results:

N-acetyl-DL-penidllamine

thiol resin (mercaptopropionil-glicne)

The effect of penicillamine and thiol resins showed variations for different individuas, but in Hg concentration
in blood was dramaticaly reduced. Penicillamine can be administrated ordly in 4 daily doses (totd of 1 to 4
g/day). This medicine shows low toxicity but some alergic reactions were observed. N-acetyl-penicllamineis
suggested as an efficient medicine for inorganic and organic Hg poisoning (Zavariz, 1993). In the initid 1to 3
days following the start of a series of doses of penicillamine applied to children, the concentration increased
before a sgnificant decline from 3000 pg/l Hg in blood to about 600. This was probably due to the
mohbilization of Hg from tissues to the blood at arate more ragpid than that which Hg was excreted in urine and
feces. Thiol resin is not absorbed through intestina walls and can be administered ordly, enhancing fecd Hg-
excretion and avoiding redigtribution of Me-Hg in the body. (Bakir et d., 1973).

An important point observed by Harada (1978), after his contact with many patients poisoned with Me-Hg is
stressed here: "The larger the Me-Hg intake, the greeter the cell damage. The smdler the intake, the fewer the
cdlsthat are damaged; a the cdll leve - thereisno threshold !".



7. Solutionsfor the Mercury Problem

"The informal miner is athorn in the foot of the formal Economy."
Marceonilio Neto - aminer

7.1. Types of Solutions

Mercury emitted by al sources in the Guayana region represents an imminent danger to future generations.
Monitoring has its rdative importance to establish the mercury pollution levels in aguetic sysems and
populations. However, monitoring is only a research step that must be completed by solutions. Monitoring
programs have been focused by environment agencies and researchers. Remedia procedures of highly
contaminated Sites with posshilities of biomethylation and bioaccumulation have little atention. An integrated
gpproach to mercury problem caused by gold mining activities has to be applied. This approach comprises:

1. Education;

2. Remedia Procedures.

7.2. Educational M easur es

Educational messures consst of an assembly of recommendations addressed toward people involved with
mining or other indudtrid polluting activities in order to convince them to adopt safe methods for the
environment and themsdalves. These measures also comprise information for affected people which are as
follows

fish-eating people, mainly those in Guri region who have fish asthe main dig,

people living near gold meting shops or mining activities,

people handling mercury,

family of miners who burn mercury in pans and keep their workclothes a home.

As mercury from mining operations is visble and evidently misused, educational steps should reach miners
through people who have permanent contact with these miners (eg. mining and environmental ingpectors,
hedlth care workers, city hal personnel, equipment suppliers, environmentalists, priests, teachers, etc.).

Booklets, indruction manuas and videos are efficient vehicles to inform how to handle mercury and its toxic
effects. Recently, in Brazil a brochure published by CETEM (1992) brought together in Smple language,
some technica aspects of informa gold mining operations. It includes information on mercury handling, but
environmental aspects are not discussed in depth. The same gpproach can been found in handbooks and
manuas sold in North America. They aso provide ingtructions on how to conduct gold amagameation usng
rudimentary pans. A few documentary films, including those produced by the Cousteau Society and the BBC
(The Price of Gold), have a character of denunciating environmental damages but no educationa message has
been delivered for miners. Educationa videos would be a good media to exploit but they are expensive to
produce a high quality. Booklets for fisheating people have been promoted in Canada, Sweden and USA.
The main target is to inform which fish can or cannot be consumed dally.

| had many meetings with Venezudan minersin Ciudad Bolivar, El Cdlao, km 88, Tumeremo, Santa Elenade
Uiarén, and lkabaru. Frequently technica questions related to mercuriaism symptoms and how to stop
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emissons were raised by the audience. All meetings were very promising and solutions presented to miners
were well accepted. Very productive discussons took place and many professionals exchanged their
expertise. Unfortunately this is an expensve method and, as sometimes it deds with illegd activities, an
ambiance of trust must be created. Other professonas who are specidists in mercury pollution, could be
useful in trandferring information to the miners but such experts are not avalable in sufficient numbers,
Workers of Ministry of Energy and Mines as wel as Ministry of Environment could st up a massve
propaganda about the problems related to Hg misuse and how to handle it properly (in Amagamation
Centersfor example).

In Ikabaru, 1 gave two lectures to students of the loca eementary school (Escuela Naciond Maria Rima
Fernandez). The budget from Federd Government is insufficient to keep running the school and the loca

Association of Miners as well as 10 teachers'® pay al maintenance costs with voluntary contributions. The
State ard Municipa Government provide nothing for the schoal in which the mgority of the sudents are
miners sons. There are 250 students, classes from 1%t to 9th grade and the school provides books. The local
Association of Miners has a project to provide lunch for the kids. In my two lectures, | ingtigated the kids to
give me ther own view about mining and why minerds are useful for their lives. The problems rdaed with
mercury misuse were frequently raised by students. Questions about the role played by United Nations on the
wars, education and industria development were asked by many students. It was evident that these students
will be miners in a near future and options for a clean technology should be provided. Agriculture, farming,
forest, commerce, ®rvices, pottery and other activities should be indicated to young kids as options for
development of the region. This is a way to stop the nomadic character of informa mining activity and hold
miner's families in amining Ste. The Plan of Organization prepared by the Government of the State of Bolivar
has a different approach and areas exclusve for mining will be established. This is the main mistake of the
Plan. The diverdty of activities and resources are not contemplated. Many prior experiences in Brazil have
shown that the land occupants cannot be restricted to just one activity. This creates idands of poverty when
the resource is gone. A better approach would be organization of micro-region usng concepts of sdif

sugtainability and diverdty of resource uses.

7.3. Remedial Procedures
The Remedid Procedures for Hg polluted sites can be divided into the following actions:

Reduction of Mercury Emissons

Procedures to minimize bioaccumulation

Clean-up procedures (dredging) followed by trestment of dredged spail.
Revegetation

7.3.1. Reduction of Mercury Emission
An efficient method to separate mercury and gold is to heat the amalgam over 350°C in retorts. Retorts can
capture the volatilized mercury, condensing it with recovery higher than 95%, dlowing for mercury recycle
and subgtantia reduction in air pollution. Thereisalarge variety of retorts. Some are made with Sainless sed

'°A teacher receives asaary of US$ 164 monthly.
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while others use inexpensive cast iron. Mercury losses during retorting are usualy less than 5% but depend on
the type of connections or clamps used (Veiga et d., 1995a).

COMDEMNEATION
TUBE

DFOUELE NIFFLE

[:j -

MERCURY VAPOUR
CONDENSING

CHARCOAL

WATER
BUCKET
\—>

AMALGAM — IRON BUCKET MERCURY

Fig. 7.1 - Home-made retort (RHY P retort)

A home-made retort built with standard plumbing water pipes can be useful to reduce mercury emission. The
RHYP retort (Anonymous 1990a) can be made with ordinary water plumbing connections (Fig.7.1). The
didtillation chamber is made by connecting an end plug into which the amagam is placed. The sze of the
retort can vary from 5 to 20 cm. An iron tube is connected to the elbow bend by a thread, bushing, or by
welding. The condensation tube should be at least 50 cm long and should curve downwards to permit good
condensation of gaseous mercury without using coolant. For better performance, the retort can be immersed
inacharcoa bed in order to heet it as awhole and avoid mercury leskage.

A hole in the ground or an iron bucket with charcod can be used. When the fire is turned on (like a
barbecue), after 1 hour all mercury should be retorted off (Anonymous, 1990b). Use of this type of retort is
easly understood and accepted by miners as this is an inexpensive device, dl materids are familiar and
accessble to the miners. This retort was built in Ciudad Guayana at a price of Bs 2000 (US$ 12 or 1 gram
of gold) and UNEG and a non-governmenta organization (Pareca) are promoting this smple device.

In Brazil, the Minigtry of Environment is not promoting this retort because the test of mercury vapour
abatement resulted in only 94% of Hg condensed !!. A British Inditution (Intermediate Technology) are
producing brochures to promote this "inefficient” retort (see Appendix).

Any method to condense mercury is better than burning amagam in pans or shovels. Even an old method can
be used. The "Baked Potato Method” is a smple way of separating mercury and gold in which potatoes are
scooped out to be used as amagam retorts. The following text is extracted from the "Gold Panner's Manud™
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which is a bestsdller with 135,000 copies in print that promotes the potato method for gold seekers around
North America (Basque, 1991):

...First cut a large potato in half, then scoop out a small depression in one of the halves with a spoon
or knife. The amalgam is then placed into this cavity, and the two halves are re-united and wired
together. The potato is then wrapped in several layers of aluminum foil, to prevent the loss of
mercury vapours and placed in a campfire to bake. After about 45 minutes, the mercury will
saturated the potato, leaving pure gold in the cavity. After removing the gold, crush the potato and
pan the mercury in the usual manner. But do not eat the potato!

Surely, this handbook stresses that retorts are the best way to burn mercury off, but the potato method is an
dternative.

All methods for mercury abatement must be promoted among miners but Amagamation Centers are definite
solutions for sopping mercury emissons and giving more control of Hg use. The exiging Centers need small
modifications such as fume hoods with iodine-activated charcod filters to protect their employees as well as
people living near these centers. A mobile Amalgamation Center is being designed by Pareca and UNEG.

Other source of Hg emission are the amagamation tailings discharged into the watercourses. Mercury content
in amagamation tailings can be recovered before being safely disposed. The use of metdlic platesin which Hg
is dectrolyticaly deposited, such as the Goldtech plates described in Chapter 2 of this report is illudtrative of
the efficiency of asmple and inexpendve technology.

7.3.2. Procedures to Minimize Bioaccumulation
Due to the nature of emissions, Hg is dispersed in the sediments or concentrated in "hot spots'. The trestment
for these stuations are different as delineated in Fig. 7.1 (Veiga and Meech, 1995b).

Sdenium
Hg dispersed Intengve
on sediments Fshing
R jon
of iments
Covering
Hg concentrated .
g|Jn sdiments Cementation
Dredging | ®9L)  Treament

Fig. 7.2 - Description of remedia procedures for mercury polluted Sites.

Mercury Dispersed on Sediments
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Mercury burnt in pans is the main source of Hg disperson from miners. Mercury released into the atimosphere
by gold dedlers was monitored in three different regionsin Brazil. Neither ar andysis nor soil samples farther
than 500 m from gold shops show significant mercury concentration (CETEM, 1991a, 1991b, 1993).

According to Marins et d. (1991), the mgority of Hg is deposited near the emission source (i.e. with 1 km).

Measures such as retort use as well as air filters in gold melting operations are strongly advised to reduce
emissons. Other sources of mercury pollution, such as forest fires, indudrid emissions and natural emissons
also cortribute to disperse Hg on the sediments which can be methylated and biocaccumulated.

Procedures to minimize Hg bicaccumulation have been gpplied in Canada and Sweden where fish from
naturd and man-made reservoirs are increasing the Hg level. Mercury sources are indudtria emissions from
coad combustion, pulp and paper or chlor-dkai effluents and sometimes the source is unknown. These
techniques are discussed below.

Slenium

The amdioraing action of sdenium in heavy metd bioaccumulation, derives from:

1) low solubility of HgSe which precipitates low amounts of Hg from water;

2) sHenides have a metabalic effect to remove Me-Hg from blood.

Experimental observations indicate that sdenide, can rdease Me-Hg from its linkage to proteins
(Stortebecker, 1985). Sdenium is necessary as a trace nutrient for animals, but can also cause toxic effects
when ingested in large amounts. In enclosed experiments, Canadian researchers observed a 2-fold reduction
of the rate of Hg accumulation in fish a a concentration of 100 ppb (ug/l) Se in water. At 10 ppb Se,
reduction of Hg accumulation was observed in predatory fish only, suggesting that the effect of Se occurs
through the food chain. At very high concentrations (1000 ppb), Se is toxic for both invertebrates and fish.
(Turner and Rudd, 1984).

Swedish experiments were conducted using sodium selenide incorporated in a rubber matrix as the source,
placed into lakes at a depth of 1 to 2 m. Concentrations of 1 to 5 pg/l (ppb) Sein lake water were achieved.
Sdenium treatment followed liming of 11 lakes with addition made over 2 years. The Hg concentration in top
predators such as northern pike (Esox lucius) fell markedly after only 1 year of trestment and its prey such as
perch and roach showed a reduction after 3 years treatment of 84 and 90%, respectively (Turner and Rudd,
1984).

A maximum Se concentration of 2 pg/l (ppb) in water and in fish below 2 to 3 mg/kg (ppm)(wet weight) is
recommended (Lindgvigt et d., 1991). If the method can be managed, it has great potentid in large and
severdly polluted aress, but questions concerning the effect of Se on other species of animas and plants need
further invedtigation. The cogst involved is one of the lowest among the remedid procedures with long-term
results. The greatest difficulty in Venezuda is the maintenance of the sdenium levd in fag-moving river water
of high volume. Consdering that 4856 n#/sec of water enter the Guri dam from Paragua and Caroni Rivers
(Weibezahn, 1994), about 420 kg of Se daily would be necessary to keep the concentration of 1 pg/l.
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Another 140 tonnes of Se would be necessary to change the concentration of the water aready impounded.
The cost of this chemicd solution is obvioudy very high.

In spite of the high cogt involved in this operation, this seems to be the only feasible chemica solution to
decrease Hg levesin fish of Guri. A smal scae experiment should be set up.

Sdenium treatment has been used with liming when waters are very acidic. Lime improves water quality by
increasing pH and conductivity.

Intensive Fishing

As Hg is transferred from one species to its predator, a remedid measure studied in Sweden is intensve
fishing. This procedure atempts to shorten the food chan by diminating top predators or by
eliminating/shortcutting intermediate prey species. The am isto change the nutrient web structure. Some work
has predicted a reduction of 20 to 30% of Hg in prey (perch) after two years, as well as a 15 to 40%
reduction in its predator (pike) within a further two years. An efficient intengive fishing operation, however,
involves a high cog. It takes 3 to 4 years before Hg concentration in fish decrease to a minimum level. Within
3 to 4 years the concentrations increase again back to high levels (Lindgvist et al., 1991).

In Guri as the most contaminated predator (payara) represents less that 2% of the fish biomass, intensive
sportive fishing would remove little methylmercury contained in fish meat but can bresk the trophic chain
increesing the multiplication of its prey (coporo). This might derive a poditive effect in diluting Me-Hg in more
fish biomass

Resuspension of Sediments
A method studied by Parks et d. (1984) was resuspension of clean sediments or addition of new ones to
water systems. Studies in enclosed environments indicated that 17 mg/l of suspended sediment were effective
in inhibiting Hg uptake by fish. Some sediments were ineffective at absorbing Hg and field trids are necessary
to confirm the technicd feaghility of this technique as a remedia procedure. Rudd et a. (1994) aso used
resugpension of sediments to reduce bicaccumulation in English-Wabigoon River system, Canada. Some
points have to be established before adopting this technique:

The minimum concentration of suspended solids necessary to inhibit biologica uptake of Hg.

Type of sediment to be resuspended or added to watercourses (sediments rich in hydrous ferric oxides-

HFO are more effective). In the case of polluted bottom sediments, upstream (clean) sediments should be

resuspended or clean sediments from other sites have to be used.

Type of equipment needed for mechanical disperson of sediments.

Type of water system (stagnant water are preferred) and time for sedimentation.

Although suspended solids stay for a limited period in water, hazardous effects on biota should be

estimated

Monitoring programs.

Number of years for which trestment has to be gpplied and costs involved.




Mercury Concentrated in Sediments

Frequently amagamation is carried out in smal pools excavated &t river Sdes. Even when amalgamation takes
place in a water box, tallings are discharged into the water sream creating "hot spots’ where the Hg
concentration can be as high as hundreds ppm. | have observed that when mercury was visble after
concentration by panning, the sediment (hot spot) had Hg leves higher than 3 ppm.

Minproc (1991) located hot spots in many Stes of "Bago" Caroni. Near river margins, the local miners
indicated to me that amalgamation was performed on board or on shore. Many hot spots were formed. Prof.
Bermudez from UNEG and co-workers are currently investigating how the hot spots are distributed.

Whether "hot spots’ should be dredged or covered is a decison based on biota analyss and evauation of
costs involved with the dredging operation and spoil trestment. The Environmental Agency of Japan
established 25 ppm as a provisona minimum standard for removal (Buffa, 1976). However, it ssems that the
decision about removing Hg from sediments must be based on a bioaccumulation risk assessment aswell asin
economic evauation.

Covering Procedures

The principle here is to prevent rdease of Hg (in any form) from sediments to the water. The extent of
pollution (Hg dispersed or concentrated) and the hazard potentid establish which materia should be used as
covering. Each case needs evauation and prior |aboratory experiments. Two different approaches are applied
to classify covering materias, based on the reaction potentia with Hg: inert or reactive (or adsorbents).

The release of Me-Hg from sediments can be prevented by alayer of (inert) clay, sand or gravel applied over
the sediments. Aquarium studies show that 6 cm of sand or gravel gpplied over sediments spiked with HgClL,
(250 ppb Hg) can prevent Hg accumulation by fish (guppies). Thinner layers of sand, appeared to be
unsatisfactory (Bongers and Khattak, 1972).

This method is recommended for lakes or other stagnant water systems. In a river, this technique would be
less satifactory, because eroson during high flows would likey cause re-exposure of contaminated
sediments. Adsorbent mixed with sand always improves the sedling effect.

Covering Hg-contaminated sediment with reactive materids is a technique based on the fact that Hg-polluted
sediments are stable at the bottom of the aquatic system and eventud metallic Hg oxidation can be controlled
by adsorption which hinders the action of methylation agents. This process was used in Minamata Bay to
control Me-Hg production in sediments. A series of covering procedures for polluted sediments is suggested
to be tested in some sSites of Venezuda. Some of these materias that can be mixed with clay to cover "hot
gpots' are shown below :

Laterite crugts : natural and cheap raw materias.

Sulphides : naturd materias capable of precipitating Hg compounds.

Scrap Iron (see cementation process below) : application is restricted to specific Sites.
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Rubber scraps (e.g. old tires) : it is also restricted. The tires must be shredded.
Fibers (e.g. old carpets) : this gpplication must be reserved to dry hot spots.

Cementation®’

Laboratory studies have shown that iron scrap rapidly and efficiently removes Hg (1) and Me-Hg from water
by converting these soluble forms into dementd mercury. When Hg(ll) is cemented (reduced and
precipitated) with iron, hydrous ferric oxide is formed, which is dso an effective coprecipitator for Hg
soecies. Discarded shredded automobile bodies are suggested as an iron source. Reduction of Hg
compounds to metdlic mercury (Hg®) occurs ether under agrobic or anaerobic conditions. Me-Hg reduction
is more efficient a acidic pH, while Hg(ll) is better removed from solution a neutrd or dightly dkaine pH
(EPA, 1972).

This technique has good potentid to be tested in highly polluted sites. Iron scrgp dumped into "hot spots' or
mixed with sand may contribute to an dficient covering of sediments to control Hg entry into the water
column.

7.3.3. Clean-up Procedures (Dredging)
Clean-up procedures remove the source of contamination from the water system. They are expensve and are
recommended only when the gold content in the spoil can return part of the costs or Hg bioaccumulation
cannot be controlled by covering processes. Mercury "hot spots’, i.e. sites with high (> 3ppm Hg) Hg levels
commonly have high gold content. A separate processing plant to extract gold and mercury from dredged
materid is an important measure to be implemented.

Dredging operations can be a definite measure for highly polluted spots where Hg pollution is well-
concentrated. Dredging presents three main problems regarding environmenta impact :

dispersa of Hg into streams,

trestment and disposal of contaminated spoail,

covering of the dredged site.

Aquarium experiments with smulated mechanicd dredging have indicated that the amount of Hg dispersed in
the water column is on the order of 2 - 10% of that removed. The mgority of the Hg dispersed is associated
(adsorbed) with suspended particles. An effective method to prevent redistribution of Hg is to use a suction
dredge in place of amechanica one. The mgor problem of suction dredging is the high percentage of water in
the spoil. So, settling ponds and duminum sulphate are necessary to clarify water before returning to
watercourses (Feick et ., 1972).

A seding trestment is recommended for a dredged spot, such as covering with inert or adsorbent materid to
guarantee that the remaining Hg will be immobilized a the Ste. Trestment of dredge spoil is an essentid
procedure.

YCementation is an spontaneous electrochemical process which involves the reduction of more electropositive (noble)
species by more electronegative (sacrificial) metal such as Fe, Zn, Al.
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7.3.4. Treatment of Dredge Sooil

When placed in a landfill, polluted sediment can lose Hg to the water (when oxidation occurs) or to the
amosphere (evaporation). Mercury losses can be prevented by dispersing adsorbents or complexing agents,
such asalong chain thiol or sulphide on the surface of dredged materid disposed in alandfill.

Mercury removd is dso possible. The only process which provides the complete Hg extraction is retorting al
of the spail, but this would surdly involve high cogts. In the case of gold mining operations, thereis particular
interest in recovering mercury from polluted sediments to recover the high associated gold content. Tonnages
of 30,000 at 12 ppm Hg and 4 ppm Au have been reported as common "hot spots' (CETEM, 1989).

Experiments with 80 tonnes of polluted sediments (6.5 ppm Hg) dredged from hot spots were performed in
Poconé, Brazil (Farid et a., 1991). Centrifuges recovered 70 to 80% of Hg reaching a grade of 1% Hg
(10,000 ppm Hg) in the concentrate. Better recovery is difficult because fine dispersed droplets of metalic
Hg as well as Hg bound to fine hydrous ferric oxides are not concentrated. Gold associated with the spoil
was aso concentrated in the centrifuges with recovery of around 60%.

Gravity methods can reduce Hg leves Sgnificantly in the dredged materid but Snce the tailings are il highly
contaminated, disposad must follow safety procedures, such as covering with adsorbents.

A Dbetter result can be obtained when a gravity method is combined with an amdgamated plate. Goldtech
duice combines the advantages of a specia Hg-dectrolytic plate placed on ariffled duice. Amagamation
tallings from 35 dredges operating in the Firanga River, State of Minas Gerais, Brazil were trested with
Goldtech plates. From 91 tonnes of talling treated in 13 days, about 145 kg of mercury and 880 grams of
gold were extracted. About 90% of mercury was recovered in two operating cycles and tallings were
disposed safely (lined pool and cemented). In other cleantup operdion, a mixture of talings from
amagamation and gravity separation circuit was trested with Goldtech plates. This contaminated materid was
unsafdy disposed near a town. Twelve Goldtech duices treated around 3,000 tonnes of tailings. About 2.4
kg of gold and 4 kg of mercury were recovered after 40 days. (Veigaet a., 1995b).

Hydrometalurgical processes for treating mercury ores are not new and can be applied to remove Hg from
dredge spail. Chlorine as a Hg leachant was used in the past (Glaeser, 1927; Parks and Baker, 1969).
Hypochlorite has been used to dissolve Hg compounds from dredged sediments (EPA, 1972). An dectrolytic
method for generating hypochlorite in the pulp of a Hg ore was developed by Scheiner et d. (1970) and
adapted by Souza (1991) to dissolve Hg from polluted sediments in a pilot plant in Poconé, Brazil.
Conceived by the U.S.Bureau of Mines, the method uses a pulp of 35% solids (Hg ore) and 200 kg of table
sdt (NaCl) per tonne of ore. Mercury sulphide and other Hg compounds are oxidized by chlorine and
hypochlorite generated by dectrolyss. Power consumption ranges from 10 to 50 kWh per ton of dry
materid. Mercury extractions have achieved 99%. It was observed that hypochlorite and chlorine dissolved
80% of the gold conternt of dredged sediments (CETEM, 1989). The mgor problem with this technology is
the digposd of the filtered solids. Remaining mercury should be immobilized by using sulphide, thiol or another
adsorbent before digposd in alandfill.



89
The creetion of aggregates can be gpplied as an ultimate measure for highly contaminated materid in which
mercury extraction methods are neither technically nor economically feasible. A process developed by the
Systems Group of TRW Inc., U.S, uses a plagtic resin of polybutadiene mixed with polluted solids and
encapsulated with a high dendty polyethylene jacket. Tests with strong acids did not show Hg release. Many
other mixtures are reported by different companies. Cement has aso been used to blend contaminated dudge
to obtain an uniform block capable of seding Hg compounds (Beszedits, 1979).

7.3.5. Revegetation
Revegetation is usudly seen as a process to restore the landscape of impacted areas. Techniques am to
restore the organic layer of soils.

In 1991, CVG dgned a cooperation agreement with the U.S. Forest Service Department by which
Venezudan professonds were trained in three different aress

atisand mining,

reclamation of impacted mining aress,

mercury pollution.

Mrs. Indaesa Rodriguez was the head of this pioneer project which had the main objectives.
Introduction and performance evauation of mining and process equipment.
Training in prospecting, exploration and mining techniques.

Research in geology and adequate technologies.
Reclamation of impacted aress.

Technology transfer.

Egtablish extent of impact by mining activities.

Evauation of naturd soil regeneration.

Improve soil conditions.

Study of vegetal species for reclamation purposes.
Introduce miner in the reclamation process.

Investigate Hg inputs and transformations in the environment.
Egtablish monitoring programs.

An andyticd spectrometer for mercury andyss was imported and donated to the University of Oriente, in
Ciudad Boalivar. As yet, the equipment is not working.

Professonds from different departments of CV G were trained in the US in monitoring procedures (geologica
and toxicologica subjects) and reclamation techniques. The most effective part of the two-year cooperation
program with the US Forest Service was the revegetation activities. The engineer Jhonny Espinoza, an
agronomist of CVG, assmilated knowledge from American experts and applied revegetation techniques to
mining impacted areas such as Supamo- Parapapoy, Ikabaru, Manarito, and San Salvador de Palll. About 1
ha in each area was revegetated using 4 different species of native grasses. Using dtatistical gpproach, Mr.
Espinoza determined that phosphate + lime + organic matter gave in the best results for acidic soils (pH = 2.5
to 3.2). Organic matter is provided by humus liquid which is produced by worms. This process was
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successfully implemented in dl mining Sites. In Ikabaru, the Association of Miners learned the process that has
been applied to reclamation purposes.

Unfortunately, for politica reasons, Mr. Espinoza and other professonas trained through this program |eft
CVG. Mr. Espinoza is today director of a non-governmenta organization (Pareca) that has been applying
different techniques to renew impacted areas. Using mulches, a sort of straw carpet with biodegradable
plastic, about 200 meters of an eroded steep hill have been restored in the urban area of Puerto Ordaz. The
visud effect is outdanding. In 30 days, the grass is abundant and firmly fixed on the ground. Hydraulic
muiching (hydro seeding) has been used in many countries for reclamation purposes. This process uses a pulp
of paper or asphdt with fertilizer and grass seed. The pulp is sprayed with a fire hose over impacted aress.
Mr. Espinoza is consdering this possibility for flat arees.

When amdgamation taling is recyced to gravity crcuits, mercury is Soread throughout the tailings.
Contaminated talling is dso a problem when Hg is used in hydraulic monitor operations. This kind of tailing
represents hundreds of thousands of tonnes unsafely deposited near watercourses as observed in El Calao,
km 88 and Ikabaru. Revegetation is a solution to retain the mobility of mercury. Organic matter can be
sprayed over the surface of the contaminated tailing pile which is isolated with athin layer of uncontaminated
clay. Currently, miners are conddering to reprocess talings. This is a good opportunity to use
decontamination processes, such as Goldtech plates, or smilar, associated with a process of safe digposa

and revegetation.
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8. Interviews

"Mercury has helped me to buy my car and my house.
The mor e contaminated, the better for me."
an "environmentdis” in the Amazon

This Chapter reports some of the interviews that | had in the Guayana Region with different Ingtitutions or
individuals who were not mentioned in the previous Chapters.

8.1. Ikabaru

Ikabaru was founded in 1940 by a diamond seeker. The Association of Miners of Ikabaru has an important
role in the region. The presdent of the Association, Mr. Julio Alvarez is a leader in the town and provides
technica support for members who represent 50% of the miners of the region. Ikabaru is a consolidated town
with paved gtreets but unfortunately it is completely ignored by authorities. All facilities in town are provided
by the Association and its members.

Luis Yoshida, a 33-year-old Japanese-Venezudan technician and miner, built a US$ 200,000
thermoelectrical plant to provide power for Ikabaru. Two 750 KVA generators run 24 hours per day
consuming 90,000 liters of diesd monthly. The road from Santa Elena de Uiaren to Ikabaru is in very bad
shape. In the rainy season, atruck takes 5 to 7 days to travel 115 km. So, the diesdl arrivesin Ikabaru with a
very high price. Even tough, Luis subsidizes the power to the town. His plant employs 10 people including an
engineer and alawyer. He does not have profit selling energy by US$ 0.28/KWh and he struggles to pay his
bank loan.

8.2. Uriman

My flight from Ikabaru to Ciudad Bolivar faced a ssorm which forced us to have an emergency land in asmall

mining village, Uriman, founded 80 years ago a the margin of the Caroni River. There are about 3,000
inhabitantsin the village in which 70% are natives. One owner of two MEM claims rents hisareato 15 barges
which wse divers. The owner has 15% of gold production by barges and no support is given to the miners.
Mercury is extengvely used. Actudly, the clam owner does not live in the Site, he just goes there to collect his
money. It seems that he should, at least, promote retorts and other safety equipment to keep "his business’

working.

The natives, from the Pemon tribe, charge miners a roydty of 15%. They are aggressive and strong. Many
stories about miners tortured by natives were told by Mrs. Luisa Figuera, alocal inhabitant and owner of a
warehouse.

Fish isthe main diet of natives, but they dso have alarge consumption of canned tuna. Levels of 1.5 ppm Hg
has been reported (Rodriguez et d., 1994) in canned tuna in Venezuda Mrs. Figuera reported that native
children of Uriman have learning problems, but this cannot just be attributed to mercury poisoning because
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their native languages are not Spanish. Other cases of birth aberrations were told to me. A study of mercury
contamination in loca people is needed.

Sder Olga, a catholic nun is the maximum authority in the village. She is dso in charge of an ambulatory that
receives daily many cases of maaria. No physician isavailable in the village.

8.3. Fundacién La Salle

Fundacion La Sdle is a catholic non-governmenta organizetion that has 4 educational campusesin Venezuda
with dmost 3,000 students. Brother Ginez, an old Spanish priest is the president of La Sdle (in Caracas). He
isavigonary and some times victim of mindless locd paliticians. The Centers are dedicated to teach Marine
Technology, Naval Mechanics, Oceanography, Fishery, Zootechnology, Adminigtration, Agriculture, Food
Technology, Metalurgy, Mechanics, Electricd Engineering, Accounting, etc. | have visted two campuses of
La Sdle Foundation: in Margaritaldand and in Ciudad Guayana

In Margarita, La Sdle has a huge research (directed by Dr. Joaguin Butriago) and educationd Center to
graduate oceanographic, mechanicad and navd technicians. There are aso facilities to teach food technology.
A factory of canned sardines, apilot plant for engines and navigation, a ship for marine research and farms of
prawvns are some of the activities in the Margarita campus. The technology of prawvn farming as well as
reproducers are sold abroad. La Salle dso has a lab in Margarita Idand for food and beverage quality
control.

La Sdle in Guayana has another remarkable Center for education and research. An agreement between the
Government of the State of Bolivar and La Sdlle established fish farms in the Macagua reservoir. Fishissold
for less than US$ 1/kg to the population. All conception and execution of the fish farming program are
conducted by La Sdle researchers. They sdl a fish cdled "cachamoto” which is a hybrid of "tachama’ and
"morocoto”, both herbivorous species with a ddicious taste. This resstant species is reproduced in the labs of
La Sdle and trandferred to hexagond floating plastic cages in Macagua. The cregtivity of La Sdle
researchers, in particular of the biologist Luis Perez, deserves to be highlighted. Little financid support is
received and outstanding work is conducted.

A group of limnology and water quality control has been working in Ciudad Guayana. Chemicd anayss of
drinking water is a source of resource for thislab. Dr. Luzmilla Sanchez, has worked in obtaining limnologica
parameters before and after Macagua 2 flooding. An atomic absorption spectrometer is available at the La
Sdlelab, but itismissng acold vapour generator to analyze mercury in biologica and geologicd samples.

La Sdle has a building in Tumeremo waiting for financia support to take off a program of Agriculture-Mining
Development. A geologist from La Sdle, Mr. Manud Mendez Aroucha has been the mentor of the
Tumeremo program. Tumeremo is consdered an important frontier site with a huge potentid for agriculture,
forestry and mining development. The research programs of this new Center are asfollows (La Sdle, 1992) :

MINING:



- Study and development of ore dressing processes for smal miner as dternatives for Hg use.
- Study of advantages and disadvantages of hydraulic monitors and aternatives.

- Study of revegetation and reclamation of impacted aress.

- Geologica survey of abandoned and active ore deposits.

- Ore characterization and process engineering for local ores.

- Study of territory organization for multiple uses (Imataca Reserve).

FORESTRY::

- Study of forest species of Imataca Reserve.

- Study of commercid use of wild fruits and medicind plants.

- Study in greenhouses of species to be used in the reclamation program.
- Study of forestry in mining arees.

AGRICULTURE, FARMING and ENVIRONMENT:
- Study of reclamation of impacted aress.

- Study of soil and vegetd species for farming.

- Study of farming of local cattle and wild anima species.
- Biologicd dation a km 88.

The educationa programs of this new campus will be dedicated to form speciaized labor to meet the needs
of locd mines which are garting in the Tumeremo regon. Aswell, La Sdle dso bdieves that the diversity of
resources of Tumeremo must have multiple uses. This is a way to hold the miners and their families in the
region as part of a consolidated society. With this perspective, the idea of creating a field of Environmental
Education in Tumeremo was well accepted by La Sdle professonds and fits very well in the philosophy of
this new campus.

In my opinion, La Sdle is one of the mogt trustworthy and serious Inditutions in Venezuda, tha has to be
reinforced. Research programs for mercury pollution should be centered in La Sdle since low codts in
infrastructure and personnel will be needed. La Salle could coordinate the budget and actions of different
groups involved in mercury pollution studies and programs. Sources of financid support for research
programs are being indicated to La Sdlle.

8.4. Universities

UNEXPO - Universidad Naciond Experimental de Puerto Ordaz is 4 years old and has recently begun to
sudy Hg in "Bgo" Caroni. There is dso a plan to sudy Hg in umbilica cord and in mothers. The facilities
include an atomic absorption spectrometer but it must be caibrated for reliable Hg andyss. UNEXPO dso
has a Faculty of Metdlurgy which is dedicated to sudies on gravity and leaching methods for gold ore. They
are studying the carbor+in-pulp method to replace the Merill-Crowe precipitation method that is currently
used by Minerven in El Cdleao. This will bring benefits by diminating effluent contamination with zinc thet is
used to precipitate gold from cyanide solutions. Thiourea leaching has been aso studied by Prof. Maximo
who plans to examine bioleaching studies for sulphide-rich primary ores from El Cdlao and km 88.
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UNEXPO dso has a campus in Tumeremo to graduate 3rd-year engineers ("técnico superior). The school
sarted one year ago with 50 students selected from 150 candidates from different parts of the country.
Geology and Mining Engineering are focused and taught by 7 professors in which 2 of them (a Russan and a
Peruvian) are engineers of a Canadian company, Monarch, that has a mining property in the region. The
campus is no longer receiving financid support from UNEXPO and locd city hal as determined by an
agreement. Environmenta Education, as afidd of sudies, was discussed with Prof. José Antonio Larawho is
aleader for UNEXPO students. The idea was extremely well accepted by Mr. Lara and students, which are
afrad of UNEXPO discontinues its activities in Tumeremo. Mr. Larais working hard to combine UNEXPO-
Tumeremo with the educationa program of Fundacion La Sdle. This seems to be an excdlent idea, but no
financid support isavailable, yet.

UNEG-Universdad Experimental de Guayana, is another University in Puerto Ordaz which offers graduate
courses (Master) in Environmental Science and Occupationd Hygiene. The coordinator of the programs is
Prof. Dario Bermudez, who has been working with mercury monitoring programs in "Bgo" Caroni and
recently in km 88 through contract with UNIDO. He analyzed mercury in water (without filtering) and never
detected Hg above 1 pg/l (ppb). His students uses labs from CVG-SIDOR (stedd making plant) and Centra
University in Caracas. UNEG countswith Dr. M. Salinas which collaborates with Mr. Bermudez in studies on
occupational exposure of miners, workers of Amagamation Centers and populaion. Dr. Sdinas is
consdering to build abioassay lab for bioaccumulation and other toxicologica studies.

UNEG ds0 has a Dept. of Investigation composed by Dr. Luzmila Sanchez, Mrs. Ana Jorge, Mr. Nestor
Agrizonis, Mr. Alexander Manzutti and Mrs. Glenda Rodriguez. This group has been investigating artisand

mining since 1989 focusing the socid and economic Stuation of the miners as well as hedth problems. UNEG
has reported thet artisana mining is an dternative for developing the region. This group aso has investigations
about minera technology of gold ores (cyanidation plants). UNEG has brought important contributions for the
mercury pollution problem in the Guayana Region In spite of the lack of labs, the research group of UNEG
has an agreement with UNEXPO and La Sdle Foundation to use their labs. The group of UNEG is dso
looking for support from internationd indtitutions and deserves more attention to reinforce its research linesin
mercury and artisanad mining.

In the Congress of Botany, | have met Dr. Vicente Marcano-Baddhafrom CEIL - Fac. Ciencia Florestales,
ULA, in Merida, Western part of Venezuela. Dr. Marcano presented an interesting paper about use of
lichens as bioindicators for atmospheric Hg. Another work about mercury has been conducted by Mrs.
Aniuska Kazandtiad from "Ingtituto Botanico de Venezudd' in Caracas. She is studying sorption of Hg (I1)

compounds by aguatic macrophytes.
8.5. Ministry of Environment (MARNR)

| had contact with the Vice-Minigtry of Environment, Mr. Luis Castro and his gt&ff in Caracas. Mr. Cagtro is
a former CVG worker and knows deeply the problems of the Guayana Region. It is remarkable the high
technicd levd of dl professonds of MARNR. Mr. Castro has a clear knowledge about what is going on with
atisanad miners and his posture is towards education and proliferation of Amagamation Centers. The divison
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responsble for looking after faunais caled Profauna, in which Mr. José Luis Mendez Arouchais its Director.
Profaunaisinvolved with the mercury problem in Guri and other reservoirs will be investigated.

In the Guayana Region, MARNR has a regiond director. During my stay in the Guayana Region, | had
contact with the former and current directors Mr. Gabriel Blanco and Mr. Santos Carrasco, respectively. A
very active group comprises this regiond divison of MARNR. They complain about the scarcity of
ingpectors. There are 67 people to do administrative work and to enforce laws in the region. Training on
mining and environmenta techniques related to mercury was suggested to this group to implement educationa
measures in its actions. In my vigt to this divison in May 1995, | had the impression that there is alarge gap
between miners and MARNR gaff. No clear postion about mining was shown by this regiond office of
MARNR.

8.6. Dr. Vicente M endoza

Dr. Mendoza is a former vice-presdent of mining for CVG. He implemented the agreement with the US
Forest Service and the Amagamation Centers in "Bgo" Caroni. When Gemini tables were introduced in the
Centers, the idea was the totd or partid replacement of mercury. With a strong persondity, his technica

capacity is notable. He defends creation of Stes for artisand mining activities and more support for sudies on
methylation kineticsin tropica terrains which have inputs of mercury from different amaospheric sources.

8.7.Miners

| have met many miner leaders from different Associations and Cooperatives (Ikabaru, Tumeremo, Asa
River, Caroni, etc.). Mr. José Pino is a former CVG director and currently president of the Federation of
Mining Cooperatives of Venezuda In a meeting with him and miners | have heard complaints about the
Government and CVG. The main problem of artisand miners pointed by dl miners is the fact that CVG
contracts have temporary vdidity. It is evident that CVG contracts do not guarantee legd titles of mining Sites
discovered by artisand miners. As they know that their work is for one year, they do not have concerns with
environment or better technology to extract gold. They admit their poor knowledge about mercury poisoning,
but they have noticed an exaggeration in data from their accuser and they have complained that no technica
and environmental supports are brought to them by any ingtitution or group in Venezuea.



9. Conclusion

"The most important problem does not lie in under standing the laws

of the objective world and thus being able to explain it, but in applying
the knowledge of these laws actively to change the world"

Mao Tse-Tung

. The posshility to replace amagamation in artisana gold mining activities with other processes is remote.
For an atisand miner, mercury is an easy and efficient way to extract fine gold when amagamation is
gpplied to concentrates (more than 90% of gold is recovered). No sophisticated technology is involved.
In spite of some miners are 4ill anagamating the whole ore (eg. km 88), the use of mercury to

amdgamate only gravity concentrates is an evolution in Venezuda and must be encouraged. Price of

mercury is not impediment for reducing use. Even a 7 times (US$ 41/kg) the internationd price, Hg is il

a chegp reagent for extracting gold in Venezudla. If more control on Hg sdes is exerted, the price will

increase (even with smuggling) and the miners will sop using Hg in riffled duices to andgamate whole
ore.

. Lega messures to control informa mining and Hg emisson have shown poor efficiency. Legidators are
struggling b solve environmenta problems by Norms and Laws. Educationa measures are not being

focused yet.

. Education is the most important measure to help minimize mercury emission from gold mining operations.
Any solution, preventive or remedid, should be amed at providing better knowledge about mercury

behaviour in the environment. Smple pieces of equipment can reduce dragticdly Hg emisson to
atmosphere and watercourses.

. It is consensus among experts on artisanad mining thet legdization of artisand minersis akey step to meet
solutions for socid and environmenta problems. The Plan of Organization of State of Bolivar should focus
on stopping migration of miners from one ste to ancther. A self sustainable plan for micro-regions would
be useful to ntegrate miners in a community and to generate diversty of activities (farming, foredtry,

fishery, agriculture, etc.).

. Mercury has been misused in Venezuela al over for years. Occupationa exposure is obvioudy observed
in many regions. In 1991, the initiatives of the CVG and other private companies in creeting
Amagamation and Processing Centers have reduced the Hg emission levels in "Bgo" Caroni to tolerable
levels. These Centers mugt be built in other mining areas of Venezuea.

. Occupational exposure has been detected by urine analysis in workers of these Centers (Schulz, 1995).
A few improvements are suggested, such as condensers and fume hoods with iodine-activated charcoa

filters over retorts and gold meting furnaces. In the Carhuachi Center the technology used by a private
company is an example of how mercury can be handled safely. Loss aslow as 1% of Hg was detected in
this Center rdaed to andgamation talling, which is actudly sold to cyanidation plants in El Calao and
Tumeremo. It is suggested a further investigation about the fate of mercury in the cyanidation process.

. Mercury recovery by usng specid Hg-platesis an efficient and cheap way to extract up to 90% of Hg
from amagamation tallings before sdling them to cyanidation plants. These plates have aso gpplications
to dragtically reduce the use of mercury and time to ama gamate concentrates.

. Oxidation of metalic mercury emitted by minersin the past with further complexation with organic acidsis
a feasible process n the Caroni River. This process depends on the amount of dissolved oxygen and
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organic acids in water. For deep sediments, the available oxygen is likely to be extremely low and non
replenished. This can control the process of oxidationcomplexation of metdlic Hg. How these soluble
Hg-organic complexes are converted into methylmercury in the water column is not aclear process.
Worldwide, mercury bioaccumulation is favourable in blackwater syssems and in recent impoundments.
The main amaospheric mercury sources are those emitted by natura sources, industrial sources (including
mining) and combustion processes, such as forest fires. Mercury was detected in high leve in fish from
mining regions in Venezudla. Only biota is evidence of bicaccumulation. Sediments and water are indirect
indications of the possihility of dangerous conditions for bicaccumulation.

Bioaccumulation in the Guri reservoir has a strong effect caused by flooding. Methylation rate of mercury
formerly deposited in sediments mostlly by amospheric sources, increases with decomposition of
submerged vegetation, amount of organic matter trangported into the reservoir, and type of methylating
and demethylating bacteriain sediments.

The large area of submerged sediments (4000 kn®) by the Guri reservoir is the main variable for
methylmercury production.

The possibility of achemica process to reduce Hg levelsin fish of Guri is remote but remedid procedures
must be tested in lab or limnocurras.

The initid sudy of bioaccumulation performed by the Guri Committee resulted in consstent data. About
40% of fish samples are showing Hg levels above 0.5 ppm which is the guideine recommended by World
Hedlth Organization for human consumption.

In "Bgo" Caroni, where mining operations have discharged about 5 tonnes of mercury in the bottom
sediments before 1991, based on former reports, carnivorous fish samples are showing low-medium
degree of bioaccumulation.

Carnivorous fish from Guri, that represent less than 20% of fish mass, are showing high leves of Hg in
which amost the totality should be in methylated form. Figheating people must be the target of amassive
campaign to reduce fish consumption, mainly carnivorous fish. Pregnant women must have a permanent
upport provided by Minigtry of Environment, the CVG-EDELCA and the Government of the State of
Bolivar. Educationa brochures should be prepared to inform local people. This isthe only way to control
methylmercury ingestion. A monitoring program (Hg leves n hair) together with information about diet
habits must be done.

In spite of coporo, a detritivorous species which represent 80% of fish mass in Guri, has shown low Hg
levels, commercid fishing should be temporarily discontinued. More andytica results and more
knowledge about Guri will result in agradud liberation of commercid fishing. The Guri Committee should
have the technica decison for liberating commercid fishing in the reservair.

Locd industries should be promoted for canned fish. This will kegp under control how much Me-Hg is
exported from Guri as well as canned fish has low consumption.

Intensive sportive fishing of large carnivorous should be promoted. This will cause an increase of coporo
(prey) population which is desirable to redistribute Me-Hg in other biomass.

Other lakes and reservoirsin Venezudamust be investigated.

EDELCA has a plan for building 2 reservoirs in Bgo Caroni in the near future. Studies in these areas
mugt dart immediately. Mercury dumped before 1991 in Caroni can be removed from sediments with
collaboration of minerswho currently are working in Bgo Caroni.
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La Sdle and UNEG are trustworthy ingtitutions that should be reinforced to creste educationa and
research programs on mining and mercury pollution in the Guayana Region. A large program must be set
up in the La Sdle labs (in Ciudad Guayana and Tumeremo) with collaboration of other loca inditutions
such as UNEXPO, Government, Ministry of Environment, Ministry of Energy and Mines, nor+
governmenta organizations, etc. Minera technology programs must develop adequate and smple pieces
of equipment for Hg handling and a mine-school to teach mining, concentration and tailing disposa
methods.
Mercury pollution in the Guayana Region has been used by different ssgments of the Venezudlan society
as a useful technocratic villain. Fantasies, panic and politica interests have been derived and affected
communities (miners and fisheating people) have been ignored.
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APPENDICES

APPENDIX | - Brochure produced by Intermediate Technology, U.K., to promote in Brazil the use of
home-made retorts

APPENDIX Il - Educative pamphlet which is being digtributed to Guri inhabitants informing how to consume
Hg contaminated fish.

APPENDIX Il - Newsin the press about my say in Venezuda
APPENDIX IV - Photos
Photos 1 to 18 - Carhuachi Amagamation Center. How mercury can be handled safely.

Photo 19 - The pioneer Amadgamation Center: CVG-Playa Blanca. Few changes must be done to protect
operators from Hg vapour exposure.

Photo 20 - "Moalinero" burning mercury off in El Cdlao.
Photos 21 to 25 - Ikabaru, 50 years of mining activities in the Southeastern part of State of Balivar.

Photo 26 - Mulching process is used in Puerto Ordaz by a NGO (Parecd). The same process was used in
the impacted mining areas in the State of Bolivar for revegetation.

Photo 27 and 28 - Poor living conditions of dredge operators of Playa Blanca.
Photo 29 - Panning at the creek margins.

Photo 30 to 32 - Mesetings with miner leaders.



