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Executive Summery

This report is based on the project “Assessing the Mercury Usage in Small Scale

Jewellery Manufacturing - A detailed study from Sri Lanka.”

Mercury (Hg) is considered as a toxic heavy metal. Therefore, discharge and
exposure to mercury can cause environmental pollution and detrimental health
effects. Under the “Minamata Convention”, regulations on mercury usage have been
introduced to protect human health and the environment from the adverse effects

of mercury.

Only the mercury usage in Artisanal and small-scale gold mining, Emission, and

Releases is considered under Article 7, 8, and 9 in the Minamata Convention.

The traditional gold jewellery manufacturing particularly in the Small Scale Jewellery
Sector (SSJS) uses mercury to recover the gold in the waste which is generated
during the jewellery manufacturing process. Although mercury usage and its
exposure in this process is more significant, no attention has been gained in the

Minamata Convention.

In 1987, a preliminary study on mercury exposure in jewellery manufacturing in Sri
Lanka has been implemented by Ratnayake and Arewgoda, and disclosed only about
the Mercury levels in urine of families engaged in gold recovery. But, this study has
not been completed and its reference is not retrievable. Apart from their study, no
any scientific investigations were available to date in Sri Lanka. Recently, a study has
been conducted on Mercury Exposure and Health Problems in Urban Artisanal Gold
Mining (UAGM) in Indonesia. In this study, they revealed how urban gold workers
(goldsmiths) in Makassar, Indonesia were exposed to mercury. The process of UAGM
in Indonesia is much similar to that of the waste gold recovery in SSIS Sri Lanka. The
results of both of these studies revealed that the total mercury concentration of

study sample was higher than the control group.
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Therefore it was vital to conduct a comprehensive study on this area which will be
benefited not only for Sri Lanka but also for the other countries in the region namely
India, Pakistan, Nepal, Philippines, and Indonesia etc. and also the other leading
jewellery manufacturing countries in the globe such as China, Turkey, USA, Russia,

Egypt, Saudi Arabia, Switzerland, UAE, Germany etc.

To fill this gap, this study was initiated to focus on gathering information through a
structured questionnaire on mercury usage, processes involved, general health
related information, and mercury free alternative gold separation methods in SSJS in

Sri Lanka.

Results of the study revealed that SSJS in Sri Lanka is a major sector that uses
mercury in a considerable amount. Although most of the individuals are aware on
harmful effects of mercury and believe that mercury is a fascinating material that
can be used to separate gold in an effective manner. They do not use any safety
precautions when handling mercury. They usually touch mercury with bare hands
and heat mercury in open flame where Hg vapour can easily mixed with atmospheric
air and get inhaled. This makes them a highly vulnerable to mercury related health
issues. Therefore steps should be taken to educate SSJS about the adverse effects of

mercury and to introduce mercury free alternative gold separation methods.
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Manufacturing

Sovereign

-The process of mixing and merging gold and mercury

-A unit of mass that is commonly encountered in gold

industry. It is technically equal to 5 g

-Karatage

-Methylmercury compound

-Poisoning caused by mercury

-A toxic compound of mercury that tends to accumulate in
food

- Ammonium Chloride (NH4CI)

-Natural fruit that use to polish gold

-Borax powder

-Small groups of people engaged in low — cost, low —
tech jewellery manufacturing

-A unit of mass that is commonly encountered in gold
industry. It is technically equal to 7.98805 g
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1. Introduction

1.1. Minamata Disease

In April 1956, two sisters aged two and five, who lived in Minamata Bay, Japan, were
hospitalized due to difficulty of walking, difficulty of speaking, convulsion and
crippling [1,2]. Few days later eight other patients were discovered and hospitalized
with same symptoms. On May 1%, the hospital director reported to the local public
health office the discovery of an "epidemic of an unknown disease of the central
nervous system", which was the official discovery of Minamata disease [2]. A
research group from Kumamoto University did a detailed study on this “unknown
disease” and noticed a strange behaviour of cats and other wildlife surrounding
patients’” homes. Those animals had been seen to have convulsions, go mad, and
finally died due to this disease. Locals called it "cat dancing disease". Researches
suspected that the disease as a neurological syndrome caused by heavy metal
poisoning and later they identified the disease is due to severe poisoning by

Mercury.

Later it was found that this Minamata disease is a methylmercury (MeHg) poisoning
that occurred in humans who ingested fish and shellfish contaminated with MeHg
and the source was found to be the discharged wastewater from the
ChissoCorporation's chemical factory in Minamata Bay, Japan. The MeHg which
contained in wastewater, was bio accumulated in fish and shellfish in the bay and
bio-magnification along the food chain have caused the disease. Researchers found
that the marine products in Minamata Bay displayed high levels of Hg contamination
(5.61 to 35.7 ppm). Local people who consumed seafood from Minamata Bay
became very sick, and many died or were left severely disabled. High levels of Hg
contents (max. 705 ppm) [2] were also detected in hair of patients, their family

members and inhabitants who lived close to the Shiranui Sea coastline.
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1.2. Minamata Convention

The Minamata Convention on Mercury is a global treaty to protect human health
and the environment from the adverse effects of mercury. It was named after the
Japanese city of Minamata, which experienced a severe, decades-long incidence of
mercury poisoning after mercury contaminated industrial wastewater discharge into

Minamata Bay.

The Minamata Convention is the first global environmental agreement negotiated in
the 21°" millennium. Since mercury can be transported through water and thousands
of miles in the atmosphere, it becomes a global concern and required global action.
Thus, Minamata convention acts as the platform to address this issue in
international level. Reducing and controlling the mercury pollution by anthropogenic
activities is the key factor concerned by the convention and it reflects an innovative
and comprehensive approach in monitoring mercury throughout its life cycle; from

mining to management as waste.

As a result, obligations in the convention include phase-out of mercury mines and
banning new ones, terminating or reducing mercury usage in products and
processes, implementing control measures on releasing and emission to the
environment, regulating artisanal and small scale gold mining. The text of the
convention includes separate articles on emissions and releases of mercury, with
controls directed at reducing levels of mercury while allowing flexibility to
accommodate national development plans. Further it focuses on interim storage and

disposal of mercury and health issues due to mercury contamination.

Further, the Minamata convention traces the lifecycle of mercury to help all
countries by adopting better practices and safer alternatives that already exist. From
restricting initial access to mercury and controlling its movement, developing
knowledge and technical capacity, will reduce health and environmental risks for the

community.
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The convention provides controls over a myriad of products containing mercury,
manufacturing, import and export which will be altogether prohibited by 2020,
except where countries have requested an exemption for an initial 5-year period.
These products include certain types of batteries, compact fluorescent lamps, relays,
soaps and cosmetics, thermometers and blood pressure devices. Dental fillings

which use mercury amalgam are also regulated under the convention.

Due to the significance of mercury use in Artisanal and Small-scale Gold Mining
(ASGM) to extract gold through mercury amalgamation, Minamata Convention

separately addresses the ASGM and processing, under its Article 7 [1,3].

Article 8 of the Minamata Convention concerns controlling and, where feasible,
reducing emissions of mercury and mercury compounds, often expressed as “total
mercury” to the atmosphere through measures to control emissions from the point

sources listed in Annex D of the Convention [1,3].

Article 9 of the convention concerns of controlling and, where feasible reducing
releases of mercury and mercury compounds; often expressed as ‘total mercury’ to
land and water. Hence, addressing atmospheric emissions of Hg vapour from SSJS is

not appropriate under Article 9 [1,3].

Although, mercury is intentionally used for waste gold separation in SSJS not only in
Sri Lanka but also in other countries in the region as well [4,5], it has not gained

wider attention under the Minamata convention.

1.3. Scope of work

Sri Lanka does not have mercury ores; thereby mercury mining is not done. In
addition to that, ASGM is also not present in Sri Lanka, rather than some isolated
incidences of separating gold from river sand. But, related mercury usage was not

clear.
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But with regard to use of mercury with gold, Sri Lankan literature provides ample
examples, which is recorded in Sinhala language as “Ran-Rasa” having the meaning

of gold-mercury amalgam.

Gold Jewellery craftsmanship is well-established as a small scale industry sector in Sri
Lanka [5]. Gold Jewellery workshops generate gold waste during jewellery making
process in the form of dust or small particles. Considerable amount of mercury is
used in the Small Scale Jewellery Sector (SSJS) particularly for the recovery of gold
from the waste through mercury amalgamation. Here, mercury is intentionally used
for ‘Waste gold amalgamation’ and open burning of the amalgamation is done for

the recovery of waste gold.

According to the License Registry of the National Gem and Jewellery Authority
(NGJA) in Sri Lanka, there are more than 3000 small scale Gem and Jewellery sector
related people available in Sri Lanka on different fields namely Gem dealers, Gem
miners, Gem cutters, Jewellery manufacturers etc. (Figurel.3.1). But, this number

could increase with the non-registered users.

Gem and
Jewellery

Testing
Labouratories

Small Scale
Gem &
Jewellery
Sector

Gem and
Jewellery
shops

Gem Heat

Treaters

Jewellery

Manufactures Geny Dealers

Figure 1.3.1: Different fields of Small Scale Gem and Jewellery Sector
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Therefore, the scope of this study was to grasp the attention to include the waste
gold separation process in SSJS as intentional mercury usage category or direct

mercury emission category under a relevant Article of the Minamata Convention.

The convention was approved on 19" January 2013 in Geneva and
adopted and signed later that year on 10" October 2013 at a Diplomatic
Conference held in Kumamoto, Japan. Sri Lanka has signed the
convention on 8" October 2014 and Convention entered into force on
16" August 2017. Currently 128 parties have signed for the convention

and 107 have been rectified.
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2. Objectives of the study

2.1. General Objective

“To assess the amount of Mercury use in small scale jewellery industry, and to

identify non-mercury alternative method for gold separation”

2.2. Specific Objectives

1. To assess the mercury usage index among the small scale jewellery
manufacturers

2. To describe commonly used non-mercury alternatives for waste gold separation

3. Toimprove the knowledge on implications of improper use of mercury.
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3. Mercury use in SSJS in Sri Lanka

During this jewellery manufacturing process a very little amount of fine gold
particles are released as “gold waste”. In SSJS these waste is collected carefully and
processed to extract the wasted gold.
“Gold waste” is the dust or fine particles of gold originated and retained at the
workshop and the surrounding such as jewellery manufacturing table, tools, and
floor. The gold waste is originated during following processes in SSJS.

e Gold jewellery crafting (Figure 3.1)

e Gold jewellery repairing (Figure 3.1)

e Gold jewellery polishing (professional buffing) (Figure 3.2)

This waste gold is accumulated in followings,

e Sweepings of the workshop (Figure 3.3)

e Workers hand washing bowls (Figure 3.4)

e Nearby soil in outside the workshop (gold waste carry away with workers)

e Sediments collected in earthen pits that receive bathing and laundry water of

the craftsmen

Figure 3.1: Gold waste generated from jewellery crafting
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Figure 3.2: Gold waste generated from jewellery polishing (buffing)
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Figure 3.3: Gold waste generated from sweepings of the workshop
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Figure 3.4: Gold waste retained in hand wash bowl

There are three main groups who engaged in waste gold separation.

Goldsmiths:
A group of people engaging in jewellery manufacturing and do the waste gold

separation by themselves at their own workshops.

Waste gold separators:

A group of people associated with SSJS who does not engage in jewellery
manufacturing but they engage only in waste gold separation. They visit
jewellery manufacturing Workshops Island wide to buy the gold containing
waste from the workshops, and do the waste gold separation at their plants.
Sometimes they give their waste gold separation service for a nominal fee at

the jewellery manufacturing workshop premises.

10|Page



e Street cleaners:
This is a separate group of people who were only observed in Sea Street,
Colombo where the most dense jewellery manufacturing workshops are
located. They collect the waste by sweeping the nearby roads, pavements,
and wastewater drainage lines and process daily for waste gold separation to
cover their day to day expenses. Although, this cluster is not directly linked to
SSJS, since they use Hg daily for waste gold separation, this set was

considered as a separate cluster and calculations were carried out.

Although the mercury is not used in the main processes of gold jewellery

manufacturing, it is used to separate the gold in the waste.

This process of separation of gold from the waste consist with number of steps;
partial separation of waste, sieving and panning (repeatedly washout with water),
separation of ferrous metals by use of magnet, preparation of gold-mercury
amalgamate by manual mixing with metallic mercury and ammonium salt, removal
of non-ferrous metal impurities by mixing with concentrated nitric acid, heating the
gold-mercury amalgamate in a crucible on a charcoal furnace to sublimate mercury,
leaving behind gold. The whole process of waste gold separation is described in

Figure 3.5

Mercury is readily available in local chemical shops in a price range of Rs.75.00 -

Rs. 100.00 per 5 grams (Kalan). Thus it acts as a favourable factor for mercury usage

in waste gold separation.
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Collecting gold containing dust particles
First, dust particles are carafully collected from
bench scrap, old crucibles, polishing dust, sweeps,
emery papers, brushes and carpets.

9

Roasting
Then dust particles are roasted by using hand
bowling furnace.

9

Cooling & Magnetic Separation

Roasted dust particles are cooled in water bath for
several seconds and lron particles are separated
using a magnet.

L 4

Adding nitric acid and heating

Then nitric acid is used to dissolve impurities such
as Ag and Cu. and compound called "Nawasaram” is
used to compile gold.

¥

Amalgamation

After that above solution is washed well with
water, and mercury is added to separate gold from
waste. Gold particles will attached to mercury
creating 2 gold — mercury amalgam

L 4

Burning the Amalgam
Then the amalgam is burnt to svaporate mercury
and to recover gold

Figure 3.5: Waste Gold Separation Process
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4. Methodology

The methodology consists; Base data collection, Recruitment of Staff and Staff
training, Questionnaire Preparation and Validation, Field Surveys and Data
collection, Report Submission and Awareness Programmes. The overall process is

shown in Figure 4.1 below.

Recruitment of Staff
and Staff Trainings

\ )
|

Questionnaire Preparation and Validation

Base Data Collection

Field Surveys and Data Collection (Step 1)

J/ Interim Report Submission

Field Surveys and Data Collection (Step 2)

Final Report Submission

Conducting Awareness Programmes

Figure 4.1: Flowchart of the methodology
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Selection of Study Locations

Initially, the distributions of small scale jewellery manufacturing workshops were
studied using the information available at National Gem and Jewellery Authority
(NGJA). Among the registered users, majority was confined to Colombo, Gampaha,
Galle, Kandy, Badulla, Jaffna, Matara and Hambanthota Districts. Therefore these

districts were selected for the study.

Data Collection

This study involved in gathering of information on socio-economic and general
health related information of jewellery manufacturers including jewellery
manufacturing methods, jewellery manufacturers’/technicians knowledge on
mercury toxicity and details on medical and occupational history. In order to
achieve aforementioned objectives, a detailed questionnaire was compiled.
Prepared questionnaire consisted of 6 major parts (Figure 4.2) which included both
gualitative and quantitative information such as socio-economic, industrial, gold
recovery, health, storage facilities etc. (Annexure 2). The questionnaire was
validated through information from known small scale jewellery manufacturers at
Heiyanthuduwa, Makola in Gampaha District, Sri Lanka. The validation report is

annexed as Annexure 3.

During the questioner survey, both registered and non-registered jewellery
manufacturers in SSJS were interviewed in Colombo, Gampaha, Kandy, Badulla,

Galle, Jaffna, Hambanthota and Matara Districts (Figure 4.3 & Table 4.1).
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Mercury Storage Facilities

Socio—economic Information

Questionnaire Industrial Information

Gold recovery information
and technigues

Figure 4.2: Major components of the Questionnaire

Splncted Feild Locations for the Study

LR ERE - ] L 10
1 1

Figure 4.3: Field locations of the study
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Table 4.1: Selected field locations for the study

District Areas No of interviews
Colombo Mount — Lavinia, Wellawatte, Sea Street, Awissawella, 75
Hanwella
Gampaha Makola, Obawaththa, Weboda, Weliweriya, Imbulgoda 56
Kandy Doluwa, Kaudupitiya, Walapane, Neelawala 34
Badulla Mahiyanganaya, Haputhale, Wellawaya, 36

Wineethagama, Bandarawela, Welimada

Galle Kaluwella, Ambalangoda, Madapathala, Ahangama 60

Jaffna Kankesanthurei, Point Pedro 34

Matara Matara town 16

Hambantota Tangalle, Beliatta, Weeraketiya, Walasmulla, 34
Puwakdandawa

Orientation Programme for the Survey Team

In order to collect information in more efficient and effective manner, one day
orientation programme was conducted to all the team members involved in data
collection, by the Gem and Jewellery Research and Training Institute, before
initiating the survey (Figure 4.4). Knowledge on jewellery manufacturing, processes
developments, techniques used, waste collection and gold separation were
disseminated to the participants.

During the survey, people engaged in jewellery manufacturing, jewellery repairing,
stone setting and waste gold separation were interviewed by the research team

(Figure 4.5).

Awareness Workshop

An awareness workshop on “Adverse Effects of Mercury” was conducted for the
Gold Smiths in order to support the efforts to reduce and eliminate mercury usage
and to give proper knowledge regarding the toxicity of mercury and other hazarded
chemicals, their impact on health and proper chemical handling, management,

disposal and basic process control in small scale jewellery manufacturing.
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Figure 4.5: Interviewing of goldsmiths




A Figure 4.6: Waste gold separation in open environment
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5. Results and Discussion

5.1. Social and Economic Information

In this study a total of 345 individuals were interviewed and majority (97.4%) of them
were males ranged from mid-twenties to sixties in age. Only 9 females (2.6%) were
found related to this jewellery manufacturing industry (Figure 5.1.1). The respondents
belong to different ethnic groups and the majority were Sinhalese and Tamils, and

few were Muslims.

H Male

B Female

Figure 5.1.1: Population distribution on Goldsmiths by Gender

87% of the goldsmiths had an education level up to or below ordinary level. The
knowledge and skills on jewellery manufacturing had mainly gained from their
generations and some of them have followed vocational training courses at technical
colleges and some have followed courses at Gem and Jewellery Research and Training

Institute.

Almost all of the interviewees were engaged in jewellery manufacturing as their
primary mode of income. Although, most of the respondents didn’t like to reveal their
income status, few stated that it depends on the amount of work they does and it

varies from Rs.25,000.00 to Rs.50,000.00 per month.

19| Page



66% of the workforce of SSJS is within the range of age 30 to 50. It can be clearly seen
that children are not involved in SSJS where not any single goldsmith was observed
below the age of 10 and only 3 goldsmiths (1%) were in the age range of 10 to 20
years (Figure 5.1.2 & Figure 5.1.3).

1% 0% 1%

Age

m0-10

m10-20
m20-30
m30-40
m40-50
m50-60
me0-70
m70-80

Figure 5.1.2: Age distribution chart of the People who engaged in SSJS

Mean 43.61
StDev 10.86
N 345

Number of personnel in SSJS

10 20 30 40 50 60 70
Age (Years)

Figure 5.1.3: Age distribution curve of the People who engaged in SSJS
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One of important fact that noted during the survey was the hiring of Indians in
jewellery manufacturing by local traders. Sri Lankan traditional jewellery
manufacturers stated that, some Indian goldsmiths are working in Sea Street
Colombo, where they come to Sri Lanka for a period of 3 to 6 months and work
intensively about 16hours per day on all seven days and then go back to India. Since,
these Indian workers are willing to work for really low wage and very poor living
standards, some jewellery shops and workshop owners show a tendency to hire these
Indians to get their work done. Therefore, job securities of Sri Lankan goldsmiths are

at a great risk.

5.2. Industrial Information

About 44% of the total respondents involved in the jewellery manufacturing process
have had 10-20 years of industrial experience. 34% of them have had 20 to 30 years
of experience and 14% had experience less than 10 years, while only 8% had

experience of more than 30 years (Figure 5.2.1).

Working Experience

mO0-10
m 10.-20
m20-30

m30-40

Figure 5.2.1: Working Experience of the People who engaged in SSJS
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During the survey three main kinds of workshops were observed, namely domestic
workshops, separate single workshops and separate workshop with other industries

(Figure 5.2.2).

Figure 5.2.2: Three Main kinds of Workshops

Separate workshops associated with other industries (e.g. Jewellery showrooms,
Restaurants, Communications, and Groceries etc.) were mostly located in the middle
of cities (e.g. Sea Street — Colombo) and those workshops were approximately 10 ft x

6 ft rooms with very poor ventilation facilities (Figure5.2.3).

Domestic and Single Separate workshops were mostly observed in villages and in
country side. A separate room is allocated inside the house or a small workshop is
built nearby. However, according to the goldsmiths, they do not allow any other
family members specially the small children to enter to the workshop. Generally,
these workshops are quiet spacious (around 12 ft x 15 ft rooms) and had good

natural ventilation facilities with the use of large windows (Figure5.2.4)
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Figure 5.2.3: Workshops with poor ventilation facilities.

Figure 5.2.4: Single Separate workshops with fair ventilation.
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Number of personnel in 55JS

Number of personnel in 55JS

120

100

3 8 10 12 14 16

Working hours (hr)

Figure 5.2.5: Working hours per day

300+

2307

200+

150

100

30+

2 dl- [ 8
Working days

Figure 5.2.6: Working days per week

Mean 9.403

StDev 2.004

N 345
Mean 6.362
StDev 0.5163
N 345
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5.3. Critique of mercury usage in waste gold separation

process

When consider gold separation, approximately 50% of the responders do the
separation of gold by themselves from the waste at their own workshops. Others
either sell their waste to other parties who engaged in waste gold separation or get
the service done by the people who do waste gold separation by paying for the gold
yield. Interviewees said that they usually pay Rs.6,000.00 - Rs.8,000.00 per gold

sovereign (8g) for separated gold.

It was observed that there is a group of people associated with SSJS who does not
engage in jewellery manufacturing but they engage only in waste gold separation.
These waste gold separators were reported in Badulla, Galle and in Colombo
districts. They are used to travel island wide and buy the gold containing waste
from the workshops, then they bring those waste to the place where they are based

and process the waste separation.

About 98% of the interviewees use mercury for the separation of gold from waste.
This waste gold separation is carried out periodically (Table 5.3.1) depending on the
workload and the waste generated in the workshop. Amount of mercury usage

varies depending on the amount of waste generated.

According to the interviewees the whole process of waste gold separation takes
about 30 minutes to 2 hours of time to extract gold from waste which totally

depends on the amount to be extracted.

In this separation process, excess mercury is mixed with the collected waste with
bare hands for 10-15 minutes to form Hg-Au amalgam. Then the additional mercury
is removed by squeezing using a piece of cloth. Then the amalgam is roasted for 5-
10 minutes to extract the gold by volatising the mercury. Since this roasting is done

in environment, nearby people are in high risk for exposing the mercury vapour.
Amount of gold gained by separating waste varies from one place to another

depending on the amount of work done. But it was revealed that generally in a

moderate workshop where 2-3 workers are worked, nearly 4-6 gold sovereign can
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be recovered annually. Interviewees said that obtained gold is in 24 kt and they use

it in their jewellery manufacturing process.

Table 5.3.1: Waste Gold separating intervals

Gold Separating Intervals Number of Group
Persons
Once in every two years 04 Goldsmiths
Yearly 84 Goldsmiths
Once in every six months 61 Goldsmiths
One in every four months 56 Goldsmiths
One in every three months 37 Goldsmiths
Monthly 27 Goldsmiths,
Waste Gold Separators
Twice a month 01 Waste Gold Separators
Weekly 03 Waste Gold Separators
Daily 06 Street Cleaners

Considering the linkage with the SSJS, the goldsmiths and waste gold separators are
considered as a single cluster and the street clearness are considered as a separate

cluster for the analysis of their Hg usage.

e Mercury usage of Goldsmiths and Waste Gold Separators in SSJS
Based on the above results 25% of Goldsmiths do the gold separation process once
a year while 16% of them do it twice a year. Average number of waste gold

separations per year was calculated as 4.

Averagely 7.62g of mercury is used per separation process in an average workshop

(Figure 5.3.1).
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Figure 5.3.4: Annual Hg consumption in SSJS
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e Mercury usage of Street Cleaners in SSJS

The separate group of people who were only observed in Sea Street, Colombo were
treated as a separate waste gold recovery cluster. And therefore, their Hg usage for
waste gold separation was calculated separately. They do the waste gold separation
by collecting the sweeps of the nearby roads, pavements, and wastewater drainage
lines of in Sea Street, Colombo daily with use of Hg. This set of people was identified
as the group that use Hg mostly. According to their data, they use nearly 5g of Hg per

day and 1.5kg of Hg per annum.

According to Sri Lanka Customs data base, 1817.85 kg of metallic mercury has
imported to the country in 2016. But, reliable data source was not available to

estimate percentage use in different sectors such as educational, medical, industries

etc. [5].
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5.4 Other chemicals used in the industry.

The chemicals such as Nitric acid, KDM (Soldering alloy material which contains
Cadmium), Copper sulphate, Caustic Soda, Sulphuric Acid, Hydrochloric Acid,
Soldering alloy, "Nawasaran", Potash, “Pusakara”, Potassium Nitrate, and Potassium

Cyanide etc. are used in the process of jewellery manufacturing.

These chemicals and acids are mostly stored plastic containers without practicing

any safety measurements (Figure 5.4.1).

A

LD
. '-’i., \

Figure 5.4.1: Chemicals stored without practicing any safety measurements
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5.5 General Health Information

Toxicity of mercury in different forms of entry is different. Similar to other toxic
elements, mercury related health issues are mainly depends on the magnitude and
the duration of exposure. Among the exposure pathways, inhalation of mercury
vapour is the main exposure route while ingestion and dermal ways are considered

as minor pathways [4, 7].

Liquid mercury has a low vapour pressure (0.0085 mmHg at 25°C) and gets volatilized
slowly under ambient conditions. As a result of that, an indoor mercury spill may
release mercury into the air over weeks or even years. However heating may release
higher amount of mercury which may cause for a lethal amount of airborne mercury
level. Therefore, exposure to mercury in a confined, poorly ventilated space under

normal ambient conditions can lead to serious health issues [4, 7].

It has been identified that 80% of the inhaled mercury vapour could adsorb into
blood stream through the lungs. Acute exposure to mercury can cause for
pneumonitis, bronchiolitis, pulmonary edema and even death while chronic
exposure can cause for hypertension, gingivitis, stomatitis, increased salivation,
fatigue, insomnia, anorexia, and renal damage and nervous system disorders.
However, some neurotoxic features may mimic other forms of brain damage hence

the suspicion on mercury toxicity may not come into concern [7].

As mentioned earlier, in SSJS, large number of jewellery manufacturers and gold
separators use mercury to separate gold from waste. They swirl and mix mercury
and gold wastage. Amalgam roasting without protective devices allows higher
mercury exposure via inhalation hence the associated health effects. Acute exposure
is experienced while using them in amalgam preparation while chronic exposure
happens when used mercury get trapped in cracks of the working tables, porous
materials resulting a continuous exposure for a long time. Important fact is that the
volatilized mercury from amalgam nodules not only affects to the person who

handles mercury but also the family members who live in close proximity.
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During the study, some interviewees said that they try to avoid exposure to the
mercury vapour by covering their noses by their hands and by standing away from
the burning amalgam. But most of them revealed that they normally they stand
close to the furnace when the amalgam burning is carried out and with time they

have adapted to inhale uncomfortable mercury vapour.

Few jewellery manufacturers did not have any proper idea on hazardous concerns of
mercury and how it could affect their own health and how they could protect
themselves. Although, most of the interviewees aware of mercury intoxication, they
did not aware on the health issues associated with it. Therefore, they practise it
without any protective devices. When asked why still you use mercury, they
responded “It is easy to use, low time consuming and effective”. When asked why
you don’t use any safety precautions, their respond was, “It is very hot in the work

places and we are in rush of working, so no time to wear gloves and masks”.

It is well known that mercury poisoning can cause for wide range of serious health
effects. Most of interviewees suffered from fatigue, muscular pain as short term
problems and they experienced poor eye sight and high blood pressure. Some of
them suffered respiratory diseases, cholesterol and kidney diseases as long term

problems. There may be a possible relationship between some of these diseases and

mercury intoxication.

S - 5 ‘;:' o R
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Figure 5.5.2: Burning of Gold-Mercury
Amalgam without any safety precautions

Sathyanadan is a 51 year old gold
Separator, who lives in Sea street
Colombo. He started working on
jewellery workshops around the age
20. Usually Sathyanadan collect
waste from the shops and road to
do this daily and two times per day.
When asked whether he was
uncomfortable of inhaling of

mercury vapour, he responded "I

have adapted to this since in many

years and now it is normalized”.

Figure 5.5.3: Gold obtained by separating the waste
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One the other hand, one of the major problems in workplace, is the storage of the

mercury. Some of them said that they will buy mercury only when needed. But

others store bough mercury in unsafe plastic bags which can easily get damaged and

released into the environment (Figure 5.5.4)
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5.6. Existing Mercury-free Technologies for Gold Separation

In order to reduce the mercury usage in SSJS a better alternative must be given to

the industry. Therefore the alternative should:

a. Be cost effective

b. Be efficient processing

c. Have a high gold yield

d. Recover gold with high purity
e. More environmental friendly

f.  No harm to human/animal health

In general, most of the goldsmiths practice the mercury amalgamation process to
recover gold from generated waste during gold jewellery manufacturing. However,
few individuals were fond who use a traditional method for the same application.

Non mercury alternative methods identified:

1. Chemical separation using a mixture of "Pushkara”, “Nawasaram” and
Potassium Nitrate.
2. Chemical separation using Aqua regia solution

3. Biological separation using Tamarindus indica fruit extract

5.6.1 Chemical separation wusing a mixture of "Pushkara”,

“Nawasaram” and Potassium Nitrate.

Among all the interviewees it was observed that only 5 individuals used to recover
gold from the waste by using a mixture of compounds named “Pushkara”(Borax

powder), “Nawarasam”(NH,Cl) and Potassium Nitrate [8]
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Background of the reaction

In this process the concentrated fine waste mixed with borax and NH,Cl and heated.
Ammonium chloride reacts with other metals except gold to form metallic chlorides,
such as tin, zinc, or iron chloride, etc. These are insoluble in the metal, so they slag
off with the melting flux. When heating borax starts to melt. Once the borax melts, it
lowers the melting temperatures of everything in the waste sample. As all of the
minerals and metals melt down, they separate from one another. As the process
continues, the borax causes the other minerals and metals to oxidize and breakdown
even further. Gold is unaffected by this reaction and sinks to the bottom of the

mixture.

Major drawback of this method as stated by the interviewees was that this method
is not efficient as extracting gold using Hg and yield is somewhat lower than
recovering gold using Hg. When comparing this method with separation of gold using
Hg, it can be proposed as a green solution on recovering gold from the waste.
Chemicals used are much safer for humans as well as the environment. This method
should be developed to achieve a high yield and efficiency in order to introduce this

as a non-mercury alternative on gold recovering.

Figure 5.6.1: Separation using a mixture of Pushkara” “Nawarasam” and Potassium Nitrate
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5.6.2 Chemical separation using Aqua regia solution.
2 out of 345 were using Aqua regia solution to recover gold from the waste
generated.
Background of the reactions
Aqua regia is a very strong acid formed by mixing one part of Conc. HNO3 with three
parts of Conc. HCl (HNOs+3HCI). This acid is used to dissolve the gold and then get
precipitated by introducing a reducing agent.
Oxidizing Reaction
AU (5)+ 3NO3 (a) + 6H" o) > AU (ag) + 3NO; g + 3H,0
AU (aq) + 4CT (aq) = (AUCLS) (ag)
Dust waste gold partials were oxidise Au (5 to Au>* (,q)
Reduction Reaction
Then Copper was added to the liquid mixture

(AUCly) (ag) + Cu () =& Augg) + CI"+ Cu®*

So that Au gets precipitated.

B SRR
g
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Decomposition of this highly concentrated acid produces scheduled waste such as
Nitrogen Oxide (NO,) gases which is highly corrosive and toxic. Although, the two
individuals declared that this method as the best method to separate gold as it gives
a higher yield with more purity, this process release lots of toxic and corrosive gases.
Therefore, we cannot identify this method as a good alternative method to be
practised in gold recovery under normal conditions but, by developing a method to
trap and detoxify the gases released during the process, this method can be

popularised as a good mercury free alternative for gold separation.

5.6.3 Bio separation using Tamarindus indica fruit extract.
Although we couldn’t found any individual practicing this method in waste gold
separation, few interviewees stated that their ancestors has added Tamarind extract
on recovering gold in the past. Not any person had a clear idea on the process gold
separation and the reason stated to refrain using this method was due to low vyield
and less efficiency. However, on literature surveying, some modern research

publications were found on separation of gold nano particles using Tamarind extract

[9,10].
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Table 5.6.1 Pros and Cons of Existing Possible Non-Mercury Alternatives for Waste

Gold Separation methods.

01 | Mixture of Pushkara, Low cost More time
Nawasaram & Pottasium Environmental consuming
Nitrate friendly Low yield

Raw materials are

easy to find

02 | Aqua regia solution High yield Chemicals used

More purity are hazardous
Release toxic
and corrosive
gases during the
process

03 | Tamarindus indica fruit Environmental Low yield
extract friendly Less efficient
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5.7. Awareness Workshop

Awareness on mercury toxicity and other chemical is an essential step, which will
help to, reduce or even to eliminate mercury usage. In the awareness workshop,
knowledge on current exposure pathways, unsafe chemical usage and health effects,
inadequate training and awareness on usage of machinery, personal protective
equipment (include gloves, carbofuran mask, overalls, goggles etc.) and risk taking
behaviour in the working environment were disseminated. Although 70% of the
respondent had some idea about the mercury toxicity, they still used to work with
mercury due its effectiveness and efficiency. Awareness of mercury toxicity among

the community of SSJS is shown in Figure 5.7.3

Figure 5.7.1: Conducting workshop for Small Scale Jewellery Manufacturers
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Figure 5.7.2: Conducting workshop for Small Scale Jewellery Manufacturers

41 |Page




Aware & use alternatives 2%

Aware & do not use Hg - 10%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Percentage

Figure 5.7.3: Awareness of the Toxicity of Mercury

It was observed that most of the responded had different kind of health issues.
Commonly observed problems were poor eye sight, blood pressure, respiratory
diseases, fatigue, and muscular pain. Even though it cannot conclude that these
complications had arisen directly because of the ill use of mercury, it could suggest

that unsafe mercury usage may influenced to these health problems.

5.8 Limitations of the study

e Indefinite sample size.

e Limited access to data.

e Lack of available and/or reliable data.

e Lack of previous research studies on the topic.
e Language barriers.

e Improper responses.

e Conflicts arising from cultural bias and other personal issues.
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6. Conclusions

The study revealed that the SSJS in Sri Lanka is a major sector which uses mercury in
a considerable amount particularly in gold separation from wastes generated during

jewellery manufacturing process.

Two main in groups were identified as, Goldsmiths and Waste gold separators those
who directly use mercury in SSJS. From that, the waste gold separators are found to
be the most vulnerable set of people for mercury toxicity as they use mercury

routinely.

It was found that the average mercury usage per person in SSJS is 30.5g/annum.
Averagely 7.62 g of mercury is used per separation and average number of waste
gold separations carried out per year is 4. The amount of Hg which is involved to
amalgamate one sovereign of gold is 6.79g and average amount of gold gained by a
person per annum through this waste gold separation process is about 3.8 gold
sovereigns. Majority of the community of SSJS usually work 6 days per week, also

extended working hours (about 10 hours per day) were observed as well.

Exceptionally, a separate cluster was observed at Sea Street, Colombo where the
most dense jewellery manufacturing workshops are located. This cluster is not
directly linked to SSJS but they are road cleaners. They use nearly about 5g of Hg per
day and therefore about 1.5kg of Hg per annum. This set of people was identified as

the most Hg users for waste gold separation.

Here, it was also revealed that mercury can be easily bought from the local market
for a very low price (Rs.75.00-100.00 per 5g) and also vendors store mercury in small

plastic containers, which can be easily breaks and contaminate the environment.

Although Most of the individuals who are engaged in this process are aware about
the harmful effects of mercury, they still use mercury in the process believing that
mercury is a fascinating substance that can be used to separate gold in an effective

manner and also no any safety precautions were practised when handling mercury.
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Further, they do not hesitate to touch mercury with their bare hands and heat the
amalgam in open flame where mercury vapour could easily get inhaled. Most of

them had low educational background.

As per the interviewees’ responses, some of them had different kind of health
issues. Therefore, it could also suggest that significant proportion among these
individuals may have tendency to have health issues associated with unsafe mercury

usage.
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7. Recommendations

According the study following recommendations are proposed.

Assess the goldsmiths exposure to mercury by determination of mercury
content in biological matrices

Disseminate knowledge on mercury toxicity and other harmful chemicals
which are used in SSJS, and possible health issues through more awareness
workshops

Introduce an appropriate mercury emission control technology for SSJS.
Reduce or eliminate the mercury usage by introducing efficient and effective
mercury free alternative techniques for waste gold separation

Test and verify the applicability of the available mercury free alternative
waste gold separation methods in industrial scale.

Identification of a most suitable mercury free alternative waste gold
separation method/s.

Conduct awareness programmes for the goldsmiths and waste gold
separators about the suitable alternative waste gold separation method/s.
The licenses issuing authority for jewellery manufacturing workshops should
amend the current registration process to obtain the information about the
waste gold recovery unit/plant (in-situ and ex-situ) in the registration
process.

Considering the significance of this study, it is recommended to take into
consideration to include SSJS in Article 8 Annex D or in a suitable article in

Minamata Convention.
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Annexure I: Project Agreement

AGREEMENT

THIS AGREEMENT is made and entered into at Battaramulla on this 27" December 2018 , by
and between the Secretary to the Ministry of Mahawli Development and Environment,
“Sobadampiyasa”, C/1/416, Robert Gunawardana MW, Batatramulla, Sri Lanka [hereinafter
referred to as the “Client” which term shall herein used where the context so requires mean and
include the said Secretary to the Ministry and his successors in office] of the ONE PART and the
Chairman of the Gem and Jewellery Research and Training Institute, “Ruwan
Sewana”,No73/5/A, Welivita, Kaduwela, Sri Lanka [Hereinafter referred to as the “Expert”
which term shall herein used where the context so requires mean and include the said the Gem &
Jewellery Research & Training Institute, and it’s successors and assigns] of the OTHER PART.

WITNESSETH

WHEREAS Sri Lanka as a party to the Minamata Convention is expected to phase out
mercury usage, where alternatives exist, in order to safeguard environment and human health.
Since Small Scale Jewelry industry is one of the most critical mercury using sector in Sri
Lanka which has been identified in Minamata Initial Assessment Phase | as a sector which
needs improvement.

AND WHEREAS the Client invites to Expert to do a Minamata Initial Assessment Phase |1
for Small Scale Jewellery Sector (SSJS) considering the eligibility of the Expert in the Sector
experience and the corporation extended to fulfil obligations under the Minamata Convention

on Mercury.

AND WHEREAS the Expert has expressed its interest to cooperate and undertake the
Assignment and perform such services.
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NOW THIS AGREEMENT WITNESSTH AND IT IS HEREBY AGREED BETWEEN
THE PARTIES AS FOLLOWS;

1. Responsibilities of the Expert

Vi.

Vii.

viil.

The expert shall undertake activities related to Minamata Initial Assessment Phase Il
of the Small Scale Jewellery Sector (SSJS) and conduct a social survey on the
methods to decide the amounts of mercury used for the separation of gold from the
waste generated in jewellery making and non-mercury alternative methods that are
being used at present or used in the past.

Submission of an interim report on the total amounts of mercury used, predicted
values based on the findings of the social survey or any other statistics related to the
sector for the separation of gold from the waste generated in jewellery making sector
in Sri Lanka. (interim survey report)

Coordinate with Industrial Technology Institute or any other institute decided by the
project steering committee to find out economically feasible, socially acceptable and
environmentally sound, efficient non-mercury alternative methods based on the
survey results.

Coordinate with Ministry of Mahaweli Development and Environment on bio
monitoring activities on small scale jewellery sector with the assistance of Medical
Research Institute and Industrial Technology Institute.

Submission of final survey report with the list of alternative environmentally sound
and efficient non- mercury alternative methods for waste separation in the jewelry
making sector (final survey report).

Conduct Training of Trainers programmes on efficient non-mercury alternative
methods in small scale jewelry sector with the assistance of Ministry of Mahaweli
Development and Environment.

Conduct workshop for the goldsmiths to introduce efficient non-mercury alternative
methods with the assistance of trainers.

Conduct awareness programmes to introduce new technology to the goldsmiths.

Conduct survey on adaptation of new non-mercury method introduced.
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2. Responsibilities of the Client

I.  The client shall assist the expert and coordinate with recommended stakeholders to
implement the above activities successfully through Project Management Unit (PMU)
established at Environmental Pollution Control and Chemical Management Division of

the Ministry of Mahaweli Development and Environment.

ii.  The client shall convene the Project Steering Committee periodically to get the

comments for the documents prepared by the Expert.

3. Period of the validity of the agreement

i.  This task is a period of twelve (12) months and begins immediately after signing of
this agreement and completed not later than 31% December 2019. Any extension will

be considered in consultation with the Project Steering Committee.

4. Dispute Clause

The parties shall use their maximum possible effort to settle amicably all disputes arising out
of or in connection with the agreement or the interpretations thereof. In the event of an
amicable settlement cannot be arrived, party shall appoint a mediator with mutual consent to

settle the dispute.

6. Payment for the Expert

The following payments will be made to the expert based on the recommendation of the

Project Steering Committee for the respective reports.
i First payment upon signing the agreement
with full research proposal(30% of the full payment)

ii. Second payment after submission of interim survey report
with amounts of mercury used for the separation of
gold from waste generated in the jewelry making sector
(45% of Full payment)

iii. Final Payment after submission of final survey report with
list of alternative environmental sound and efficient
non- mercury alternative methods for waste separation
in the jewelry making sector methods (25% of Full
payment)

Total

Rs. 675,000.00

Rs. 1,012,500.00

Rs. 562,500.00

Rs.2,250,000.00
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IN WITNESS, WHEREOF the parties to this AGREEMENT have set their signatures
hereunto and to two others of the same tenor and date as this agreement at the place and date
aforementioned.

Anura Dissanayake Nawarathna Bandara Alahakon
Secretary Chairman
Ministry of Mahaweli Development and Gem and Jewellery Research and
Environment Training Institute
Client Expert
Witnesses:
L.Signature:........ooevviiiiiininninnn, 1. Signature:........ooovveviiieinininnn
Name ...l Name ...l
Address:.......ooooiiiiiii Address:.......ooooiiiiiiii
2.51gnature:. ......c.eveiiiiiee 2. 51gnature:......oevviiiiiiiiaa
Name :....ooooiviiiiiiiiiii.. Name .o
Address:.........ooiiiiiiiiiiii Address:........cooiiiiiiiiiiii,
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Annexure I1: Questionnaire

Jewellery Industry- Current State

1.0Social and Economic Data

Monthly
Income

Member | Gender | Age Education Profession
Qualifications

Arejodwa |
JusueW.Id

Contact Details
1.Address

2. Email :
3. Telephone Number

2.0 Industrial / Workshop Details

2.1 Address of the Workshop

2.2 How long your industry/
working place is serving in this
field (years)?

2.3 Nature of the Workshop

Domestic

Separate place as a single workshop

Separate place associatrd with other industries

2.4 If domestic, Children visit Yes No
the workshop regularly

2.4.1 Children involved in with
the industry Yes No

2.4.2 Number of workers
involved
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2.4.2.1 Number of Working

hours per day

2.4.3 Number of Working days

per week

2.5 Does the workshop
Registered in Gem and

Jewellery Authority

2.6 If yes, Registration number

2.7 Any associated jewellery

related organizations

3.0 About Industry

3.1
Kt used

Jewellery
Manufacturing

Jewellery Repairing

Extraction of gold
from waste

22kt 18kt 14kt

other

3.2 Do you extract
the gold from your
working place

Yes

No

3.3 If yes, frequency
of waste extraction

3.3.1. once a month

3.3.2 once in two months
3.3.3once in three months
3.3.4 once a year

3.3.5 other

If other,
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3.4 Method of
extraction of Gold

3.4.1 Using Acids

3.4.2 Using Mercury

3.4.3 Using Fire and Borax

3.4.4 Using Fire

3.4.5 Other

3.4.6 Expenditure for extraction ............ccocceeveevieveeieneeieeeeenne.
3.4.7 Time CoNSUMEM .......coovveeieieieieiesieeie e
3.4.8 Willingness to use Mercury substitute

Yes No

3.5 If Mercury used
for Extraction

3.5. Amount of Hg used within last 3 months

3.532

3.6 Do you sell gold
mixed waste to some
other parties?
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3.7 If yes, please
mention the details
about him/her

3.8 Do you use any other natural methods to

extract mercury?

Yes No

3.9 If yes, what are those methods?

3.10 What are the materials you use for those

methods?

3.11 What are the costs
methods?

of those natural

3.12 How much time is

production using those materials?

required to do a

4.0 Other facts

What are the other chemicals you/ your working place use for gold production?

5.0 Health Conditions

5.1 If your industry is
domestic, what are
the diseases/ health
defects among family
members?

Short term diseases:

52 If it is not

Short term diseases:
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domestic, what are
the diseases/ health
defects among your
workers?

5.3 How do they get
treated for that?

Ayurveda medicine

Other

Western medicine

5.4 What is the cost
of that medicine?

Rs.

5.5 Do you/ anyone
in the working place
smoke?

Yes

No

56 If you use
mercury method

56.1 Have you
donated blood
before?

5.6.2 If no, do you
like to donate blood
if needed?

Yes No

Yes No

5.7 Awareness about
mercury adverse
effects

Not aware
Aware but use
Aware, don’t use

Aware, use alternative method

5.8 Do you use any
safety method to
minimize the
exposure to mercury
during gold
production?

Yes

No

5.9

If yes, what is/are the
safety method/s you
use?
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6.0 Details about the storage

6.1 Do you store Mercury?

Yes

No

6.1.2 Method of storing?
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Annexure Il1: Validation of the Questionnaire

Introduction

A valid questionnaire must have the following characteristics.*

1.

2.
3.
4

Feasibility: Simplicity, viability, and patient, user and researcher acceptance
Reliability: Mistake free measurements

Content validity: Adequate for the problem intended for measure

Construct validity: Reflect underlying theory in the phenomenon or concept to be
measured

Sensitivity to change: Capable of measuring change, both in different individuals as
in the response of the same individual through time

Therefore, a questionnaire requires verification of its usefulness before implementation.
This is known as “Validation of the Questionnaire”.

Methodology

During the validation process the developed questionnaire was verified under the
characteristics mentioned in Table 1below.

Table 1: Characteristics of the measurement instruments

Term Aspects to consider Analysis Technique

Viability Time employed Pilot study

Clarity of questions
Result interpretation

Validity Logic Expert Opinion
Content Factorial analysis Construct
Construct Diagnostic (analytical) test
Criteria

Sensitivity to Change Intrinsic (Basic) In relation to the design and type
Extrinsic of change expected
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Diagnostic test analysis

A questionnaire is designed to detect the presence or absence of a determined process. The
scale in question is considered valid if the subjects are classified according to whether or not
they present or not the process, with as little error as possible. For this reason it is
important to determine the degree of similarity between the results obtained in the
guestionnaire and those obtained from a reliable and widely accepted external reference
criteria as a valid measure (always positive in the presence of the process, always negative
in the absence of it) of the diagnosis of this process.

Sensitivity

Sensitivity (S) of a diagnostic test is defined as the proportion of subjects with the matter
that have a positive test.

S = True positives/ Total number of sample

S=TP/ (TP + FN)

Where,

Total number of samples = TP+FN

TP=True positive

FN= Few false negatives

Specificity

Specificity (E) of a diagnostic rest is the proportion of subjects without the matter that have
a negative result on the test.

E = True negatives/ Total negatives

E=TN/TN +FP

Where,

Total negative = TN + FP
TN= True negatives

FP= Few false positives

It is accepted that a diagnostic test has a reasonable validity if its sensitivity and specificity
are equal or over 0.80.%%

Therefore the validation of the questionnaire was done via a pilot study at Makola area in
Gampaha district, Sri Lanka. The sample size was 25.
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Result and Discussion
Questions used to evaluate questionnaires validity are tabulated in Table 2 below.

Table 2.Questions used to evaluate questionnaires validity

Concept Question Expected on an adequate fatigue
scale
Validity Is the method sensitive? The language reflects the ideas of

goldsmiths regarding fatigue

Apparent Are the questions based on | goldsmiths are the source or
Content goldsmiths? reviewers of questions
Ex.,Socio-economic, Manufacturing
methods, technicians knowledge on
mercury toxicity, medical and
occupational history

Criteria Have all of the necessary items been | Items that could be mistaken with
Construct included? functional limitation
Have all of the confusing items been | Evaluated the correlation with
avoided? socio-economic information

Has it been compared to an external | Their monthly income,
criterion of fatigue?

Does it coverage with other
adequate variables

Reliability Is it internally consistent? Moderate or elevated interim
Internal Is it stable? consistency
Consistency
Stability
Feasibility How long does it take to apply 10 to 15min maximum
Is it self-administered or is an | It is better for scale to be self-
interviewer employed? administered
Is it easy to score and interpret? Clear instruction

In addition for logical or apparent validity it was intended in the opinion of expert of
Minamata Steering Committee. It has approved by the committee with very little
modifications. Then validity of a diagnostic test has been analysed by the construction of
2x2 table (Table 3)
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Table 3. Basic analysis of diagnostic test

Test Result External reference criteria
Practise the waste | Do not practise waste
separation with Mercury separation
With Mercury
Positive PM DM
Negative PT DT
TOTAL PM+PT DM+DT

PM practise with mercury PT practise with mercury and other DM Don’t practise with
mercury DT Don’t practise waste separation

The validity of a diagnostic test is evaluated through the sensitivity and specificity indexes.
Sensitivity of the test,

S= PM/ (PM+PT)

S=13/(13+43)

S=0.812

Specificity of the test,
E =DM/ (DM+DT)
E=7/(7+1)

E=0.875

Conclusion
According to the results, sensitivity and specificity are over 0.80. Therefore it is concluded
that the questionnaire had reasonable validity evidence.
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Annexure 1V: Brochure on Minamata Initial Assessment
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Annexure VI: Financial Progress of the Project (Phase I1)

Budget Line Output 1 Output 2 Output 3 TOTAL
Consultant payment 6000 2500 8500
Meetings and 3790 2250 18225 24265
training
programmes
including
awareness
materials
Travel in the 1890 1000 1000 3890
country
Allocation for 935 935 935 2805
supportive staff
Office stationaries 100 100 100 300
Miscellaneous 75 85 80 240
expenses

TOTAL 12790 4370 22840 40,000
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Annexure VII: Minamata Project Steering Committee -MIA Phase Il

No Name Designation Institute
01 Mr. Anura Dissanayake/ Secretary/ . .
Mr.M.G.W.M.W.T.B.Dissan | Addl.Secretray, MMD&E Ministry of Environment &
Wildlife Resource
ayake
02 Ms. Dhammika Director, EPC& E Ministry of Environment &
Wijayasinghe Wildlife Resource
03 Mr. S. M. Werahara Deputy Director/ EPC& E Ministry of Environment &
Wildlife Resource
04 Ms. Sujeewa Fernando Assistant Director/ EPC &E Ministry of Environment &
Wildlife Resource
05 Ms. Jeewanthi Ranasinghe | Assistant Director/EPC & E Ministry of Environment &
Wildlife Resource
06 Ms. Chandrika Director- consumer Affairs & Consumer Affairs Authority,
Thilakarathna Information
07 Ms.Kumudini Vidyalankara | Assistant Controller Import and Export Control
Department,No: 75
08 Mr.W.G.C.N Wewegodara Research Officer Gem and Jewellery Research
and Training Institute
09 Mr.C. Dharmapriya Deputy Director of Customs ]
Sri Lanka Customs
10 Mr.T.D.A. Gamage Assistant Director(W/M) Central Environmental
Authority
11 Mr.HemanthaWithanage Executive Director Center for Environmental
Justice
12 Eng. Samantha Chief Executive Officer National Cleaner Production
Kumarasena Centre
13 Dr.Inoka Suraweera Consultant Community | Ministry of Health, Nutrition
Physician/ Environment & | and Indigenous Medicine
Occupational Health
14 Dr.Mrs.Herapathdeniya Senior Lecturer Ministry of Health, Nutrition
and Indigenous Medicine,
15 Ms. Uthpala Abeypala Assistant Director Gem and Jewellery Authority
16 Mr. B.L.D Balasooriya Director Ministry of Education
18 Ms. Niroshi Peris National Programme Assistant | UNIDO
19 Ms.D.M.Hasanthie S Research Engineer MIA i
Disanayaka Expert-Industrial Sector
20 Ms. Ruchira Perera EMO Ministry of Environment &
Wildlife Resource
21 Ms. Saranga Jayasundara PA Ministry of Environment &
Wildlife Resource
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Annexure VIII: Draft project proposal

DRAFT PROJECT PROPOSAL

ASSESSING THE GOLDSMITHS EXPOSURE TO MERCURY IN JEWELLERY
MANUFACTURING: A DETAIL STUDY FROM SRI LANKA

ASSESING GOLDSMITHS EXPOSURE TO MERCURY BY
DETERMINATION OF MERCURY CONTENT IN
BIOLOGICAL MATRICES

Ministry of Environment and Wildlife Resources
and
Gem and Jewellery Research and Training Institute
Sri Lanka
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Assessing Goldsmiths Exposure to Mercury by Determination of Mercury Content in

Biological Matrices

1. Introduction

Mercury (Hg) is a naturally occurring toxic heavy metal which has its unique characteristic
feature of being a liquid at normal room temperature. Liquid Hg has a low vapour pressure
(0.0085 mmHg at 25 °C) and gets volatilized slowly under ambient conditions. As a result of
that, an indoor Hg spill may release Hg in to the air over weeks or even years. However
heating may release higher amount of Hg which may cause for a lethal amount of airborne
Hg level. Therefore, exposure to Hg in a confined, poorly ventilated space under normal
ambient conditions can lead to serious health issues.

Similar to other toxic elements, Hg related health issues are mainly depends on the magnitude
and the duration of exposure. Among the exposure pathways, inhalation of Hg vapour is the
main exposure route while ingestion and dermal ways are considered as minor pathways. It
has been identified that 80% of the inhaled Hg vapour could adsorb into blood stream
through the lungs'. Acute exposure to mercury can cause for pneumonitis, bronchiolitis,
pulmonary edema and even death 2while chronic exposure can cause for hypertension,
gingivitis, stomatitis, increased salivation, fatigue, insomnia, anorexia, and renal damage and
nervous system disorders®. However, some neurotoxic features may mimic other forms of

brain damage hence the suspicion on Hg toxicity may not come into concern.

Due to the devastating tragedies happened in Minamata Bay and Niagata, Japan in the 1950s
and Iraq in the 1970s “as a result of adverse effects of Hg toxicity, in 2013 Governing
Council of the United Nations Environment Programme (UNEP) given birth to Minamata

Convention which legally bind the Hg usage in different sectors °.

Although under Article 7 and Annex C of the convention address the issues related with
Artisanal and Small-scale Gold Mining (ASGM), use of Hg in Small Scale Jewellery Sector
(SSJS) has not been clearly focused. According to goldsmiths, Hg is utilized for gold
recovery from the waste produced during the traditional gold jewellery manufacturing
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procedure. Waste from the working area in jewellery workshops is collected carefully and

gold recovery is carried out once in a six month period or annually.

Mercury is mixed with gold with bare hands to form Hg-Au amalgam and finally the gold is
extracted through the process of amalgam roasting where the mixture is heated to remove
mercury through volatilization. It has been found that the Hg vapours in the air around
amalgam burning sites can be alarmingly high and almost always exceed the World Health

Organization (WHO) limit for public exposure of 1.0 pg/m®.

Therefore, amalgam roasting without protective devices allows higher mercury exposure via
inhalation. Important fact is that the volatilized mercury from amalgam nodules not only
affects to the person who handles mercury but also the family members who live in close
proximity. In SSJS, acute exposure is experienced while using Hg in amalgam preparation
while chronic exposure happens when used Hg get trapped in cracks of the working tables,
porous materials resulting a continuous exposure for a long time. Further, tailings containing
mercury can be found throughout the whole region and they can be transported by wind or

water into the ecosystem causing environmental pollution.

It is clear that the workers engaged in gold separation may have exposed to significant
amount of Hg and it is essential to assess their Hg exposure levels. Whole blood, urine, and
hair are considered as reliable biomarkers of exposure which provide different information
regarding chemical form and duration of mercury exposure. Generally blood and hair
mercury concentration is dominated by exposure to methylmercury ’. Determination of Urine
mercury level is a sensitive bio marker for monitoring low levels of inorganic mercury

exposure °.

The Ministry of Mahaweli Development and Environment is currently conducting a research
project on Minamata Initial Assessment (MIA), in order to determine the extent of mercury
pollution in Sri Lanka and to introduce efficient, environmental friendly, socially acceptable
alternative method for gold extraction. As a part of the main project it is planned to assess the

Hg exposure levels of goldsmiths engaged in SSJS.
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1.1 General Objective

“To assess the Mercury exposure levels of the persons involved in small scale jewellery

industry, in order to determine whether the persons are at a risk from mercury contamination”

1.2 Specific Objectives
1. Assessing the health status of the involved persons and identify whether there are any
symptoms of Mercury toxicity
2. Assess their exposure levels to heavy metals by using blood and indirect indicators

(hair and nail) and compare the results with a control population

2. Methodology:

2.1 Target Population

In the proposed study it is expected to assess the mercury exposure of goldsmiths who are
engaged in small scale jewellery manufacturing in Sri Lanka. According to the license
registry of the National Gem and Jewellery Authority (NGJA), Sri Lanka, there are more than
3000 small scale jewellery manufacturing Workshops Island wide and the number could
increase with the non-registered users. First phase of the current study involved the gathering
of information on socioeconomic and health related data of jewellery manufacturers
including jewellery manufacturing methods, jewellery manufacturers’/ technicians
knowledge on mercury toxicity and details on medical and occupational history. This was
achieved by a detailed questionnaire survey and structured interview carried out in the
selected administrative districts (Colombo, Gampaha, Kandy, Badulla, Galle, Matara and
Jaffna). For assessing the mercury exposure levels, blood, urine, hair and nail samples will be
collected from the goldsmiths who are particularly engaged in waste gold separation. Control
samples will be collected from the individuals who are engaged in the same industry and not

practicing waste gold separation.

Inclusion criteria

e Goldsmiths who are particularly engaged in waste gold separation
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2.2 Sample Selection

e The approximate sample number will be 70 goldsmiths which include at least 10
subjects from each selected district. Total of 25 samples will be collected from
goldsmiths those who are not engaged in waste gold separation and 25 samples from
individuals those who are not related to jewellery sector as the control groups.

e Informed Consent will be taken from all the subjects and controls.

e Medical and occupational information will be documented in the pre-prepared data
sheets in which their name, age, gender, burning amalgam in the open space or poorly
ventilated area, use of safety devices/ accessories, drinking alcohol regularly or
excessively, medical information; anamnestic data, neurological examination, neuro-
psychological testing, having a kind of a metallic taste, suffering from excessive
salivation, problems with tremor shaking at work, sleeping problems, medical history,

current medications etc. will be recorded.

2.3 Sample Collection, Preparation and Analysis

Blood, urine, hair and nail samples will be collected from both subjects and controls.

Blood Samples

Sample Collection
Blood samples from subjects and controls will be collected into phlebotomy tubes containing
ethylenediaminetetraacetic acid (EDTA) as an anticoagulant and stored at 4°C prior to

processing.

UrineSamples

Sample Collection
Urine samples will be collected into sterilized, metal free polystyrene flasks. Total Mercury

content and creatinine levels will be measured according to standard methods.
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Sample Preparation

Spot urine samples will be collected into polypropylene sampling vials. For mercury analysis,
20 mL of collected urine will be transferred to a separate glass tubeand then acidified with
0.1 mL of concentrated H,SO, to pH < 1. For creatinine measurements, 5 mL of urine sample
will be placed into a polyethylene tube. Samples will be frozen at -20 °C till the analysis will

performed.

Sample Analysis

Urine creatinine measurement will be performed by using a biochemical analyser. Total urine
Hg concentrations will be determined with cold vaporatomic absorption spectrometry (CV-
AAS)

Hair and Nail Samples

Sample Collection

Hair samples of 0.5-1 g hair will be collected from different parts of the scalp using a
stainless steel scissors, cutting at a distance of 1 cm from scalp. Hair will be placed in
polyethylene bags for transport and storage. Toe nails will be collected with stainless steel

nail cutters and will be stored in a clean separate bag.

Sample Preparation

Collected hair samples will be cleaned by the method described by Ohmori, 1984 °. Samples
will be initially cleaned with Acetone, following three times with deionized water and again
with Acetone. Prepared hair (0.1 g) will be decomposed using 4.5 mL of concentrated HNO;
and 0.5 mL of H,0O, and digested in closed containers, using a microwave reaction system.
Digested samples will be diluted to 25 mL with deionized water and will transfer to

polyethylene bottles.

Nail samples will be cleaned using the same method described above. Samples will be
cleaned using an ultrasonic bath with 5 minutes cleaning time in each step. Prepared nail (0.1
g) will be decomposed using 4.5 mL of concentrated HNO3 and 0.5 mL of H,O, and digested
in closed containers, using a microwave reaction system. Samples will be diluted to 25 mL

with deionized water and will transfer to polyethylene bottles.

All samples will be stored at 4° C, until laboratory analysis will be performed.
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Sample Analysis

Digested samples will be analyzed for Mercury using Cold Vapor Atomic Absorption
Spectrometry (CV-AAS) or Inductively Coupled Plasma Mass Spectrometry (ICP-MS) under
standard operation conditions at the Industrial Technology Institute (ITI).

Matrix matched standard reference materials will be used for method validation and quality

control.

Statistical analysis will be performed using SPSS version 15 software.

3. Estimated Budget:

Activity Cost (Rs. Mn)

| Personal Emoluments

Il | Sample collection, preparation and analysis

Il | Transport and logistics

IV | Data analysis and report preparation

4. Time Frame:

2019 2020

Activity Oct | Nov Dec | Jan Feb Mar
Project planning and initiation

Field visits

Sample collection

Sample preparation and analysis

Data analysis

Report submission

5. Research Group:

From Ministry of Health
Dr. Inoka Suraweera Consultant Community Physician

From the Ministry of Mahaweli Development and Environment
Mrs. Sujeewa Fernando Assistant Director, MMD&E
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From the Gem and Jewellery Research and Training Institute

Mr. Tilak Dharmaratne Director General
Mr. Naleen Jayasinghe Head, Research Division
Mr. Chandima Wewegedara Research Officer
Ms. Nadeeka Manthrirathne Research Officer
Dr. Saranga Diyabalanage Research Officer

From Industrial Technology Institute
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Abstract

collected.In this process, the waste is mixed with mercury to form Hg-Au amalgam and it is roasted
to recover gold while mercury gets removed through vitalisation. It was disclosed that, about 4 g
of mercury is used to refine one pound of gold (8 g). None of the respondents practice any safety
precautions or proper ventilation techniques during this process. Therefore they get readily
exposed to mercury vapor. Among the interviewees, only 10% of manufacturers were aware about
the toxicity of mercury and do not use mercury in gold refining process while 20% of the
individuals were not aware about the harmful effects of mercury. However, 70% of the respondents
were aware about the toxic effects of mercury but use extensively as a rapid way off extracting
gold from waste. 90% of the inspected workshops had very poor ventilation facilities thug increase
the susceptibility of exposure to mercury vapor. 24% of the respoqdents store mercury in unsaofe
plastic bags which can easily get damaged and released 'into the environment, Approxxmately 25 %o
of the respondents revealed that they had some health issues after they engaged in gold refining.
Therefore biomonitoring assessment is recommended for a better understanding of mercury

exposure levels of the people engaged in gold refining in SSJS.

Keywords: Gold refining, Mercury, Small scale jewellery sector
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