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Summary

Artisanal and small-scale gold mining sector (ASGM) is playing an important role in economic development of
many poor countries as it provides sources of income to a large population of these countries. However, the
sector faces many economic and environmental challenges as a result of use of indigenous or low technology
methods, which are serious threat to poverty and social wellbeing of the inhabitants. This three-year study

aimed to conduct a rigorous analysis to investigate those issues to find possible countermeasures.

This fiscal year, gold ore from the Philippines which showed high silver concentration was re-examined. It was
noticed that indipendent silver mineral polybasite* accompanied sulfides in the ore. Gold is small in size and
refractory. Also it was found that toxic heavy metals in the tailings can be dissolved in the waste water under

some chemical conditions.

* A natural compound of silver, copper, antimony and sulfur with the chemical formula (Au, Cu);6S,S1;

After the characterization mentioned above, the material flow analysis (MFA) for Hg in Mongolia and the
Philippines was conducted. The material flows and environmental emissions for Hg on the country level was
etimated based on previous studies, statistics, and surveys. In addition, the model to assess the reduction in the

material flows for Hg by the ethical jewelry was developed.

The MFA mentioned avobe covered the material flows not only for the ASGM but also for fuel combustion and
Hg containing products. The result indicated that the contribution of ASGM in the whole material flows is high

and that  relationship between ASGM and the other sectors is existed.

The assessment of the Hg reduction is based on the framework of a Waste Input-Output model. This model
enables us to estimate the changes in material flows for Hg by a given scenario. By applying this model to
Mongolia and the Philippines, the reductions in material flows and environmental emissions by the scenarios
related to whole amalgamation were evaluated. Through this case study, our investigation found the modeling

suitable for assessing the Hg reduction effect by the ethical jewelry.

An econometric analysis of ASGM sector profitability and its sources indicates that there are substantial
earning differentials between mercury and non-mercury use areas as well across gender. The findings also
suggest the education and training programs could help to improve financial performance of the people

involved in mining in those areas.

Empirical findings based on probability (logistic) models estimation also suggest that people having more
mining earnings are more willing to use mercury free methods. Women are also willing more to adopt mercury
methods as well participate in environmental mitigation programs. However, they have less opportunities to

embark on such policy programs.



The elimination of mercury use is essential to achieve sustainable livelihood to alleviate poverty. It is also
important to achieve sustainable development goals through mitigation of environmental and health and safety
issues, which are prevalent in the ASGM sector. These issues can be overcome by the provision of mercury free
technologies to people involved in the mining activities. Education ad training programs to create awareness

about health and safety and environmental problem could help to deal with those problems at community level.

Though this baseline study identifies mercury related issues in the ASGM sector, a further in-depth study is
desirable to devise long term strategies to deal with those problems. An intervention study could provide more

insightful analysis by creating a longitudinal data to conduct a comprehensive analysis for policy reforms.
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As Zn Sb S Fe Ag Cu Total
0.29 9.27 0.03 14.30 1.31 68.33 8.01 101.54 wt%
0.30 5.82 0.04 34.05 1.79 48.38 9.63 100%
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METEOLNTZFRICOWTIR, FREF—2ANTHEE L, TOOTITESNVTEHRALA L b ERD X
HIZHEH L, B CTHEE () 2ER L,

. Sample/HH Selection

. Drop Criteria

. Replacement Strategy

. Target Respondent (Who in HH to interview)

. Respondent Consent

. Data Quality Monitoring Systems

. Translated the questionnaire

. Discussed each translation during training as a double-check
. Each and every question was discussed in both languages

. Pilot questionnaire
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KIFFETITHBEZEZ ELL ANWTT—X2BE L2 diE bk, 22T, £vran, 74
VEV L, ROBICEELSS, BHLEZHAESEZIBE LT,

. Questionnaire conventions
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Explanation of specific questions, by module

Discussion on all definitions and code lists included in the

Timeline for data collection
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T 18 THE INZFHICELT 5 (e.g., New England Histrical Society, 2016) ,
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e  Miners with placer mining practices seem to maximize their revenue and profitability by choosing the
available inputs at prevailing process. For instance, Placer mining practices increase the profitability
almost twice as of hard rock. Those miners who opt hard rock methods experienced negative profit
margins on average. Those who use both hard rock and placer mining methods combined were able

to reduce their cost significantly.
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There also significant gender differentials both in terms of cost and profitability. For instance, male
earn twice as of the earnings of their female counter part. It appears that female miners were not
maximizing the revenues from mining operations. Part of the reasons may that they are confined to
specific jobs (e.g., cooking). A better training and education program may be helpful to enhance their
entrepreneur skills.

The decomposition of revenues, cost and profitability between Mandal (mercury use) and Khuder
(mercury-free) areas shows that miners in mercury free areas maximize their profitability. Looking at
revenue and cost structure of both areas, there are significant differences in the estimates. For instance,
the average cost per operation in Khuder was much lower than that of Mandal (i.e., approximately one
fourth). This are merely monetary cost estimates and social and environmental cost could be much
higher than that.

Miner who used mill facilities for ore processing increase their profitability considerably. Results show
that miners with ore processing at mill facility had more than double profitability as compared to those
who milled the ore themselves. This indicates that processing at mills can fetch more financial as gains.
Moreover, the availability of milling mercury free milling facilities would improve miners’ wellbeing
through improved health and safety measures. This has been proven in some areas of Mandal soum
where miners took their ore to the mill facility for processing and gold extraction. This facility is
mercury free and being operated by local government and NGO. However, the mill has very limited
capacity to process ore for gold extraction. Only 30 sacks can be processed within 24 hours shift. An
expansion of milling capacity through the establishment of new mills would be helpful to increase
mercury free gold production. A public private partnership can help to build the infrastructure for

environmental friendly production

2000 2005 2010 2015
Total registered population 23964 22937 25009 26671
Number of herders 1176 1546 938 891
Number of livestock 87396 66033 141098 113610
Agricultural land (Ha) 4437 2313 6976 5449
Registered crime cases 296 268 288 217
Industrial output (mill MNT) 11801.9 33094.6 22149.8 74504.8
Local government budget income (mill MNT) 651.1 111.6 1156.4 591.1
Local government budget expenditure (mill MNT) 1012.2 161.7 1359.1 1622.5
Data source: Statistical Department of Selenge aimag. 2017.
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2000 2005 2010 2015
Total registered population 1799 1907 2119 2364
Number of herders 97 160 214 172
Number of livestock 8813 14339 | 25024 29172
Agricultural land (Ha) 1867 2879 5271 5449
Registered crime cases 34 10 4 22
Industrial output (mill MNT) 108.7 0 115.8 180.7
Local government budget income (mill MNT) 54 32.3 32.4 761
Local government budget expenditure (mill MNT) 185.6 60.7 162.9 822
Data source: Data source: Statistical Department of Selenge aimag. 2018.
K5 TH—FOHERL
2000 2005 2010 2015

Total registered population 6077 5209 6374 6509
Number of herders 98 492 421 426
Number of livestock 25988 40803 62571 67727
Agricultural land (Ha) 5284 6828 10889 12306
Registered crime cases 42 41 36 36
Industrial output (mill MNT) 4865 42.6 124115 233745
Local government budget income (mill MNT) 199.2 85.2 236.2 434.4
Local government budget expenditure (mill MNT) 260 93.5 293.3 831.6

Data source: Data source: Statistical Department of Selenge aimag. 2018.

#6 TIUK O

WA BES 2 YR S 13RO L S IHifm s e (R 9),

e Mercury free areas drive ASGM sector profitability significantly. For instance, the dummy variable
for mining area suggest that Mandal’s (mercury use area) profitability was 1.67 times less than that of
Khuder (mercury free) soum.

e  We also note that miners using placer method (i.e., without mercury) experience higher profitability.
The estimates show that profitability with placer mining was twice as of hard rock mining. This
another indicative of mercury free mining activities.

placer mining activities are present in Khuder area. The results of dummy variable for placer vis-a-vis

24
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hard rock also show higher impact on earning, which support our findings that mercury free mining
improve the productivity and profitability substantially.

e The estimates of dummy variable for decision making also indicate that the decision making in mining
activities have positive impact of financial returns. The coefficient estimate of decision making
dummy variables turns out positive (i.e., 0.44).

e Similarly, gender participation in mining activities results in obvious differentials in earnings. A
statistically significant positive dummy variable of gender indicate that male miners have almost four
time higher earnings than female manners.

e Results also indicate that education have a positive role in increasing the mining profitability. Miners

having secondary education were able to generate more profit as compared to their peer group.

-

mUptolyear mlto2years m3toSyears n 6 toByears m 9101l years = Morethan 12years

9 ASGM (ZXT 2 R4

Variable Sampl Mean Std. Dev. Min M
e Size ax

Profitability 68 4.222279 5.536656 0.962778 25.25
Mining Area 301 0.694352 0.461448 0 1
Gender (P8) 301 0.860465 0.347081 0 1
Decision Maker (a3) 272 1.316176 0.46584 1 2
Other Work (b2) 295 0.413559 0.493308 0 1
Education (a5) 293  3.341297 0.75369 1 5
Minign type (p5) 299 1.431438 0.60018 1 3
Environemnt Management (h21) 285 0.954386 0.209014 0 1
Mercury Free Methoods (d13) 288 0.972222 0.164622 0 1
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Revenue Cost Profitability

(Tugrik) (Tugrik) (Ratio)
Hard Rock 240633.6 66746.0 2.7
Placer mining 319370.8 51621.1 5.0
Both 240192.3 11764.7 9.8
‘Male 269806.1  127467.6 46
Female 241223.0 99285.5 2.8
Own Processing | 296860.6 3472372 51
Trader 266731.5 204875.0 12.5
Other 250822.8 -395000.0 0.9
‘Mandal- Mercury Area | 246223.0  409080.7 30
Khuder —Mercury Free
Area 307526.2 108977.8 5.0

#8 A X b LFERE

Mining | 5!
Agriculture - [
Job | 30
other |G :
Business [ 8

Remittances [ 3

0 10 20 30 40 50 60 70 80 90
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Model summary

Likelihood:

profitability ~ regress(xb_profitability,{sigma2})

Priors:

{profitabil~y:hhsize area p& a3 i.aS p5 _cons} ~ normal(@,leeee)
{sigma2} ~ igamma(.@1,.@1)

{1) Parameters are elements of the linear form xb_profitability.

Bayesian linear regression

Random-walk Metropolis-Hastings sampling

Log marginal likelihood

-231.46116

MCMC iterations =
Burn-in =
MCMC sample size =
Number of obs =
Acceptance rate =
Efficiency: min =

avg =

max =

12,500
2,500
10,000
62
.3142

. 024895

02579
.1275

profitability
hhsize
area

p8
a3

a5
Primary
secondary
Professional
Higher

LA871639
2.527151
2.378888
2.129286

5.111264
3.151781
5.577774

2.382631
7.448198

832483
.394725
. 192675
.111328

37957

.253382

.65552

34786

. 642666

Equal

Median [95% Cred.

LB733928 -.e014478
.3825328 -5.9981el
4.81781%9 -.536467

495575 -3.67571

-.3261162 -18.232559
2.6856%7 -3.597239
-1.9@2795 -11.61982

3.458689 -1.2325395
-18.45a398 -24.5842

-tailed
Interval]

. 679957
. 684395
.881321
. 618896

. 844353
. 844575
. 854295

.561532
.882889

Note: Default priors are used

for model parameters.

Note: There is a high auteocorrelation after 58@ lags.
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