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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%
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0.32 66.53 33.11 0.03 0.01 - - 100%
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. 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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. 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
Percent
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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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Model summary

Likelihood:
dl3 ~ logit(xbk_dl3)

Prior:
{dl13:hhsize p8 b2 cons} ~ normal(0,10000) (1)
(1) Parameters are elements of the linear form xb dl3.
Bayesian logistic regression MCMC iterations = 12,500
Fandom—-walk Metropolis-Hastings sampling Burn-in = 2,500
MCMC sample size = 10,000
Number of obs = 283
Acceptance rate = .2679
Efficiency: min = 04537
avyg = .06094
Log marginal likelihood = -57.079525 max = .07592
Equal-tailed
di3 Mean Std. Dew. MCSE Median [95% Cred. Interwval]
hhsize .0792332 .2206821 .010361 .0539044 - .2918887 .56T74636
pi .5905065 1.43452 .054621 .3729951 -1.669962 4.140564
b2 .3572955 . 7727335 .033405 .3595949 -1.062454 1.913755
_cons 2.302788 1.932304 .070131 2.429022 -1.880977 5.812601

Hote: Default priors are used for model parameters.

10 KSR & ik 2 B B9 2 e S R AT A 2R

KM 2O D EEIZTOWTIER 10 D L 5 iR 2 BT, 2 2 B IR O R 2358 A By
60

e Female miners were more willing to adopt mercury free methods as compared to male miners. Though
they experience low profitability as compared to male miners group they seem to realize the
consequences of mercury use more than male workers. Encouragement to female participation in the
mercury free methods of gold mining could help to reduce mercury consumption in the study areas.

e Miners who were involved in businesses other than mining activities were more inclined to use new
mercury free methods. Provision of other business opportunities will help growth in rural economy

through improved livelihood of the people living in mining areas.

REICEHTIEMMICOVWTIEIR 11 O LI iR 257, Z 20D ROMBE AP AT D,

e Miners who realized higher income form the mining activities were more inclined to participate in
environmental problems mitigation program. It seems that miners with improved income are more
informed that mitigation of these issues is pre-requisite for sustainable income of mining activities.

e Miners in Khuder areas seemed to be more proactive and eager to participate in the mitigation

program.
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e Again results indicate that women were more inclined to participate in these initiatives. Women
capacity building could help to mitigate environmental health issues and create a safe environment for
the population living in these areas.

e Independent decision makers seem less likely to participate in environmental mitigation strategies.
Likewise, people engaged in other business do not appear eager to participate in such activities.
Awareness program may be designed to attract non-miners to play their role in management of safe and

clean environment for everyone living in the area.

Model summary

Likelihood:
h21 ~ logit(xb h21)

Praor:
{h21:profitability hhsize p8 a3 b2 area _cons} ~ normal (0,10000) (1)

(1) Parameters are elements of the linear form xb h21.

Bayesian logistic regression MCMC iterations = 12,500
Random-walk Metropolis-Hastings sampling Burn-in = 2,500
MCMC sample size = 10,000
Number of obs = 60
Acceptance rate = .2772
Efficiency: min = .003436
avg = .0139
Log marginal likelihood = =-51.775395 max = .04943
Equal-tailed
K20 Mean Std. Dev. MCSE Median [95% Cred. Intervall]
profitability .2815619 .2217899 .009976 .250942 -.0527701 .8032802
hhsize .6067894 .3776438 .042386 .5912371 -.0855117 1.386025
p8 . 7539522 1.65155 .281742 .5933981 -2.231088 4.424041
a3 -.1726651 1.338971 .116441 -.2035216 -2.91136 2.543754
b2 -.2332957 1.382679 .192973 -.0883057 -3.623934 2.068335
area 1.063409 1.747956 +1551.95 1.001625 -2.229476 4.612592
_cons -.5947561 3.5374 .47832 -.4963833 -7.342674 6.666216

Note: Default pricrs are used for model parameters.
Note: There is a high autocorrelation after 500 lags.

11 BREEICK T 2 B O bk R
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(DA T/ INFREERAR C i 2 KSR O fic i 12 B3 2 W 5%
KEED~T U 77 v —438F (MFA : Material Flow Analysis) 1%, FEEM 2 B8+ 5K\ 7 0
—lZM&x T, WL oA T7 v —B LOREHRN 7 e —2 EE&EMICHEELZLDOTH D, AT
EF LT-/KEED MFA O AT LEER % 13 12777,

A/

4

[ e

R K&Kt 148

X 13 7K$RD MFA O 25 LEER

K AT LEROBEIL, KEO~FT VT 70 —12BWT., REMSE. ASGM #. KEE
ARG R 70— @A LIz ildh b, RIEWICEDLKBO~T Y T V7 m—X, Ak, A, 835
. fhEhA, SELA. AIRA, BEA VR, K 2L T 7 EOBRERCIRMEHC B R TITIRA L7 KER
DITATHA 7 NVIZHEBETSH, ASGM ICBD A KEO~T V77 a— 3L b KIBDT A 74
A7 NMZHERT S, KEEERNCEDIKBO~T ) TV 70—, R¥ REM, KER. BE
. REE, AL 0T, TUT WMEHAT N A EORLICERICE DD KIBOT A T VA
JIVTIERT %, £7o, B EEFEMLHE T, MR TIEFR L TWRWA, WEINKZ L 57200
ANy L BNIA~DOEAN - EHPREBREIN TN D,

AKMFA DT A TAT = LT HER LR ZR 12175 T, AMFAIX, 7747 AT —
DK LT, 31 EEEE R LT D, /2B, ASGM IZBIT 5 E £ TlE, KiRE L EIZIHE T % "whole ore
amalgamation (WA) » & B4 J& O F AT Z & 0 A &% 57 “pre-concentration amalgamation (CA) ”
o Gl R

ARKMFA TEETA TAT—VOBRATO—LER 70 —OHEENNIEL 25, TORRIZ, Y4
AT —VIIBITOBERATa—ORTEER 7 0 —ORFIN—ET 5WENL (=T VTN T U R)
DRAMEE 2D, 2, RAGRZBEAT7o—4 LIER 7 v —RNFETHAIE. WEINEDE 2
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FEFAALTCRMZ7e—%2H#ET D, 74V, BLrALEXNRIZLEZKBOT Y TV 70—%y

Wiz T2 7 a—HEEOFEMZ LT CHBAT 5, 2001 15 2011 Fx2xtg b 35,

FATRT— EE e &=
RiE SRR 58 =)
FRTRIE FiCE =)
SRIRIE Eiafi =)
B i RE Bk
[RHERYE Al
HhZA[E])UR puick !
KRS AR KARHTA
AIREERE BIKE
FMEIR INIV T SR B
BIEMRHEKL-EE SEER £
FiTECE ] i)
FRplr ] Eia)
ARNDHEE BN
BB DRE BAh
HEAFKE BN
RKAHAKRAF5— 2
AU EE AR
NV TR B NIV R
ASGM Whole ore amalgamation (WA) B s IKEBEETRAI M S E A
Concentrate amalgamation (CA) % IKEREEHEISER
KBEFHREE H—EXSVbEE H—EX Yk
[EHEEE [£ A&+
REFELE BEET
FHiRIpER BLIE el
AIAEEE oIE
BEEIE Bk
Eith g Eith
ERESAE EmEES
ERB7YILHLEE ERB7ZYILAHL
£
YHA49)L KEBVHAIL 7KER
BEEYWE 1837

%12 MFA DT A 7 AT — LT HRE¥XE L O,

EF. BIEDICEDLKE~T U T L7 0 —HERIIOWTHAT S, A~FT V7070 —
DI AT LEEREZH 14177, HICIE, &g, BIEDRELLE - #3E, ASGM, EH., Va1 71 B
TEMIBEN R ERDTA T AT —VRRENT NS, FEAT—VOF/ATo—LEHT7 0 —0HEE
RFLUTO LS ITEHTE D,

PRI~ DORA T v —HEE X

DM, = MO, + MB,, + ME,

ZZC, DR (3. DMITERE (ERNGLL) OEIE~O T v — MO IZEAE O IE
Gh~D 71— MBIIEMEN O ORIFED RIS - iE~D 7 v — MEIZRIENGRE~DO 72 —Th
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X 14 RIFEEMICEDLLKEDOT U TN 70 —0DL AT LER

BRI D OREH 7 1 —HEE

MO, =¢; =< MOE;
0B, = ¢; <« BR; — 0B;
BR; = bn ®x ¢, x BF;
BW,; =bw; x¢; x BR,;

BEI:_J'I = Eii'fj XX E.PE

T 2T, JUXBRBEBEAR, o X UEEERLG O KERFLEK . MOE ITEIED S O 4R H &, BP X
YN REETH D, br, bw, belZ VWA 7, BEEYLE, BE~OBITHRETHD,

N T, ASGM ICBID A KEEDO~TF U T A7 0 —OHEEIEICOWTHHT 5, K~F U 7L
Ta—DYAT AERER 15 ITRT, KLV, ASGM, VH A I ARG ERDTA TAT—VThH
D, HFEAT—VORAT7r—LENT7a—O#EREL LU TIZERT S, 7L, VA 740060k
SRY YA 7 VEE, WEICANZESLS BIEDR, KESHERLRO~T ) 707 a—OHEER R
DIEHEN D,

33



T

15 ASGM IZEHb D KEDO~T VT T —DT 2T LEER

ASGM ~DHEA 7 v —H#E7E

gﬁh =my KAPH _R"t-h‘
RAz =1 X Z{BR,-, + ARy + URy)
i

ZZ T, k1% ASGM BT KO 1L (whole ore amalgamation, pre-concentration
amalgamation) . OA [ZES7>5 ASGM ~D 7 12— AP |34 RILE, RA XV YA 7 L35 ASGM ~D
7 v — BRIFRIFEDRMEEE NS VA 7 ~D T v — ARIZASGM B U A 7 b~D 71—,
URIIERMN B VA 7 v ~DT7a—Thb, m, rix ASGM OKEBHEAR, U VA 7 L 0KERENILE
T %, AHFFETIL. ASGM ~DEIREIC L 5 RE 2 KRN 04X Z kXL VHEET 5 &N TE
Do

ﬂﬂk' = Z C; X 'ﬂ.rinlit — ﬂ."!h

ASGM 5 DpEH 7 v —HEE
.P!.Rh- = an x ™y x AP&T
AE}*: = ﬂﬂjk k4 myg k4 z‘lP;ﬂ
ZZ T, AE1Z ASGM M B EBREE~D 7 a0 —Toh 5, ar. aelZ ASGM 05 U YA 7 )L BREi~
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KERE AR DA KBO~T )V T L 70— EEICOWTHAT S, K~F U 77
n—DY AT AERER 16 1ZRT, KLV, KFEFRGEE, EH, VYA 70, BEIEYLEE 3
REBRDBIATAT—UTHY, EAT—VORAT7Tu—LEHN 7o —0HEXL L FICEHET 5,

X 16 KEBFBEHFHLICEDDZKEDO~T VT T —DY AT LEERH
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WMARETHD,
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ZZ T, MO I3KEEFREREEN SISO T 10— MOE I3/KBEEHFHEmHBETH D,
mu, me [ IKEFEARLELE S O, BE~OBITRETH S,

35



EH~DOFTA T v —H#EE X

FF — o o FAFTF
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MU, = mu; x (OM,, — MO,,)

ZIT, OU RSP BRI~ D 7 v— QUIIZEA~D LM OBMARTH 5,

RS OFEH 7 v —H#EEX
. .
OR. = wur 00 = M.
i [ * iE—igd E—Lg ks
_ Frr aa \
W, = ww, ¥ U0 . . 4 ML i

U-E_-_r = “’E:; * {OU. Pl + J'IU!':E-.?.;.')
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ZZT, URIIFERNS VA I ~DT7a—, UW I3RS EEDLIE~D 70—, UE
TERANGRE~D 7 —Th b, SA FMEHOBRALEN 7 —%2f¥T 52X Ny JREIRTH D,
LTI HEMTH D, ury uw, ue (IMEHNS VA 7V, BEEDLE, BRE~OBITHRETH D,

U A 7L ~DFANT a—HE

BR; = bn = ¢; x BR;
ARy = ar, ®x my x AR,

UR;y = ur; X (OUsir_yy + MUy 1)

VA7 N~DOBAT7a—%, BiTRTHIHEHUMCL, BIEDRRLE - 446, ASGM 2250
BATZ70—ThHb UR., BR., AR B’FTFobhbd, TNEThO&EATZ v—IL, Bidoff, BlEYRE
- S ASGM OFEH 7 r —#EEXNTEHEZ b D,

UHA 7N bOERT o —HER

nwx ) Y (BRy + ARy + URy)
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RE,
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B
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Ty RWIZ U A DS BEEDLE~D 70— REIZV VA 7 Vb ERE~D 70—
ThD, rw, relZ VYA 7D GEEMLE, RE~OBITRETH D,

BT~ DOFN 7 0 —HEE K

- ¥ -
By = bw; % ¢; X BF,

RW, = rwx ) ) (BR; + AR + URy)

BEEMWIE~DOTA T 0 —1T, BILERETHD VA 7 VUMY, BIEYRRE - 4EiG, #
AN oA T7a—TH5D RW, BW, UV NEITFbND, TNENORATa—iL, giko ) 17
BIpEW R BlE - s, HOEH 7 —#EXTEZ BN D,

BRI MR D OFEH 7 v —H#EE R

WL, = wil x Z{Bii’;r + UW,. ) + wl x RW,

WE;, = we; x Z{Biﬁr + UW,) + we; x RW,

ZIZC, WL IIEEYUEOMN &, WE XEEDLENORE~O 70 —Thb, wl. we
VLB R AR 7)s & D HRST Fm@%ﬁ%ﬁf%é

UETHMLIEAKEO~T U 77w —HENXTHELN 2 -G TR E A &S — # (Peralta,
G. L. and Elvira Pausing, E., 2008), xR G OxfIcd 5 E 5 ek H o8, ®BANNBITHRET — %
(Peralta, G. L. and Elvira Pausing, E., 2008; UN Comtrade; UNEP Inventory Toolkit)i{Z- DU T, F* 12~14 (Z
BHA D,

F 13 ORGP E A &7 — 2 1%, EEERELFHE TR L7 KERPEH A X R U Y — %
> N @ Input Factor (Zxf)5 ¥ %, Input Factor (X, H/MEE EXEN G2 A TWD, 22T, &k
EThr7 40y, EVaLvOEFEHREL T, KXEOHTPHEMA SN TWD, AFFEOERT S
ASGM D& E H AR O KA R, U A 7 )V ORBEMLEILT 7 T RV &SR LT 5o ORFFERL
A (Velasquez-Lopez, P. C., Veiga, M. M. and Hall K., 2010)% i\ 7=,

# 14 OB G #HE B BT T 5 2006 ED 7 ¢ U ¥ AT B B R A & A EEE
Gi#EEr Y —E X (UN Comtrade) 2B AF L7z, =77 L. BHFKAOMBSEIIBWT, 2 TOXER
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EDAREMEDN D %

# 15 OREBIBATRET — 212 oW TR, EREERBER# TRIZE LK A >~ R U Y
— /L% v kO Distribution Factor (2%} 9" %, Distribution Factor [Z[EZ L » THERZ Z R TFHREIND,
T, —ERAICE LTI S E A . BRI ) YA T VR S < L — U T ORFSE
(Habuer, Naoko Yoshimoto, Masaki Takaoka, Takashi Fujimori, Kazuyuki Oshita, Nobumitsu Sakai, Sharifah
Aishah Syed Abd Kdir, 2016) Cfi f§ S 7172 Distribution Factor % i | L 7=,

FAITRT— BT HEHKIEERE =R iva
R LA 15 g/t
EEE =) 15 g/t
Fiak ol 0.716 g/t
Aix 05 g/t
il 100 mg/t
HhZh 200 1 g/Nm3
RKAHR 4 g/MWh
aIkA 0.055 g/t
NIV R ELE R 0.0195 g/t
BIEMRES-WE & - -
ﬁﬂ — -
Eia] - -
Bh - -
Bh - -
Bh - -
?.(tl' - -
AR 0.1 g/t
INIVT 5B - -
ASGM & - -
& - _
KBSEHRZEE H—EXFVb 6 g/ B
[E A5 600 g/ B
REE 15 g/ H &
el 20 g/ HWh
AIE 20 g/ B
TR 40 g/ N
Eith 1.6 g/ H 5
WM 400 g/t
ERA7ZILA L 0.67 kg/kg
5 - -
54l KR » -
BREYNE - -

#13 K MFA CHUR L7 B kSR E A i 7 — 4
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BREWLE -
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SAIRT—Y 25 &5 YA BEREYNE RE: R R
&R +iE Jkig
R B33l 0.225 0.225 0.225 0.1 0.225 0
tRELA 0.225 0.225 0.225 0.1 0.225 0
ke 0.225 0.225 0.225 0.1 0.225 0
Ak 0 0.1 0 0.9 0 0
Aim 0 0.1 0 0.9 0 0
HhEh 1 0 0 0 0 0
RARH R 1 0 0 0 0 0
ARA 1 0 0 0 0 0
XL R ELE R 1 0 0 0 0 0
BIEMRMEH-BE & 0 0.1 0 0.9 0 0
i 0 0 0 0.2 0.4 0.4
&0 0 0 0 0.2 04 04
BN 0 0.1 0 0.9 0 0
ESp)| 0 0.1 0 0.9 0 0
EP ! 0 0 0 1 0 0
£ 0 0 0 1 0 0
tAUR 0 0.2 0 0.8 0 0
INLT- R 0 0 0 1 0 0
ASGM WAEE AR 0 0.58 0 0.14 0.27 0
CAEE AR 0 0.51 0 0.31 0.18 0
KEBESFHFEE H—EX2VE 0.95 0 0.05 0 0 0
[EAHE 0.95 0 0.05 0 0 0
REE 0.95 0 0.05 0 0 0
Be:ll-Es 0.95 0 0.05 0 0 0
AIE 0.95 0 0.05 0 0 0
Bk 0.95 0 0.05 0 0 0
Eith 0.95 0 0.05 0 0 0
MRS 0.95 0 0.05 0 0 0
WRA7ILA L 0.95 0 0.05 0 0 0
EA H—FEX Ak 0 0.66 0.19 0.06 0.02 0.07
E A5t 0 0.66 0.19 0.06 0.02 0.07
BEE 0 0.66 0.19 0.06 0.02 0.07
FHalsEs 0 0.66 0.19 0.06 0.02 0.07
AIE 0 0.66 0.19 0.06 0.02 0.07
Bk 0 0.66 0.19 0.06 0.02 0.07
Eith 0 0.66 0.19 0.06 0.02 0.07
Fidy B 0 0.66 0.19 0.06 0.02 0.07
ERA7ZILHL 0 0.66 0.19 0.06 0.02 0.07
g4I 7KER 0.95 0 0.05 0 0 0
BEEYNIE 0.7 0.015 0.27 0.015

# 15 AR MFA TR L8R BIBITHRET — X

2001 £ & 2011 EED 7 4 VE BT A KBO~T U 77 o —HER B 17~ 18 |5
T, MLV, 74V ECEERICBTHKBOT IV 77 m—|ZBW T, ASGMIZEDHDLH 7 e —0
D B EIG M 2001 A, 2011 FITEWNZ E RS, Bl XX, 2001 HED ASGM ~DIES I B O A
HIL 58t, ASGM 2> 6 O ERBEHEH &1 58.2t, 2011 4E TIX# A £ 66.9t, ERETHEM &E1T 70.5t & HEE S
Nice DED . 74 U EOKEIT ASGM FLIZTEER L TH Y . ZOMEITIIMNIUKFEL TEY | &
FEHZHESL D> B RS AT KSR D[R S ASBREE H S il S 4L D B A D3 el S L7z,
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BRI KK K- LR

17 74V E BT KEO~T Y 707 o —HERRE (2001 45, HAL : t-Hg)

A/HH

.8

22.3
0.4

R KKKt TR
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XyBuapaa awurt mantman onéopnoryma, 6uunn yypxan apxnarygumH cypanraa
2017 oH
AX YNNAB3IPUINH axucaH TYBLUMHWIA cyfanraa, TEXHONOMMNH TeB, ANOoH yric

Mu3AY CynanraaHbl Te, YnaaHbaartap

OH3 cyganraa Hb XyBuapaa awurt MantMan ontoprordng, 6uumn yypxam 3pxnardauiH anT
onbopnonTt 6a HWWram, 34MNH 3acar, Ganranb OpYHbl YN GakgnbiH Tanaapx Cyypb M3a33mmmiir
Lyrnyynax 30punroToil. QHaxyy cyganraaHa xapuynaxag 30 opumMM MUHYT GonHO. TaHbl XapuynTbir
HyyuiaH xagranax 6ereeq HANT OPONUOrYAbIH XapuUynTyyabIr HAFTr3C3H Xan0apasp cyganraaHsl AyH

rapHa.

OH3 cyaanraaHbl yp AYH Hb XyBUapaa awurt mantman onbopnorymg, 6uumn yypxanH Hexuenumnr

camxpyynaxag Tyctan 6ereef apaAsm LUMHXUITTI3HNIA OyT33N GONOH X3BN3rA3H3.

Ta gapaax acyynTyyaaHa xapuyrmk GUaHUR axung Tycnanuaa y3yyrHa yy. XapaB Ta COHUPXBOM 3HI

cynanraaHbl AyHT TaHA UNraaXx 6orHo.

P X3C3rl: XyBuapaa awurt mantman onboprnorumg, 6uuun yypxam 3apxnaryguuH
YHAC3H M3433n3n

P1 Anmar

P2 Cym

P3 bar

P4 CypanraaHg

OPOLOrYMiH ayraap

P5 Axunnax Ganraa
YYpXanH raspblH Hap

P6 YypxanH Tepen 1=YHAC3H 2=lopoo | 3. Anb anuHbIr Hb
opA H opA
P7 XopaB YHAcaH opg | 1=Mnyypxan 2= [Odang yypxan 3= Anb anuH Hb
6on pgapaaxunH anb
Hb B3
P8 Cypanraa aBcaH
OrHOO
P9 CypanraaHg

OpOnUOrYniH Hap
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P10

Xync? 1=0parTan 2=0MmarTamn

P10

Xon6oo 6apux ytac

A X3C3rl': OponuoryuMH Tanaapx cyypb magaanan (Acyynt OypuiH apa Oym LOHXOHA

XapUyNTbIr OPYYIK TAMAIMM3H3 Yy. XKnwaa Hb xapaB Tunm rax xapuyncaH 6on A1 acyynTbiH

ap4 6ynm uoHxoHA 1 rax TAMASMNIHS YY.). X3p3B XYHUW TOO, KM raxX MIT M3433N3N opyynax

60N MeH LIOHXOHA TAMAO3TM3H3 VY.

A1 Ta OPXUIH TOPryyH yy?
Tunm=1 Yryn=2
XapaB yryn 6on Ta epXMWH TIPryyHTan amap xapunuaatanm B3? 1=3xHap/Hexep

A2 2=Xyy 3=0OxuH 4=Ax/oyy 5=3ry/ayy
6=bycag (3anrapaHryn Gu4Ha yy)

A3 Ta 3H3 6pXUNH YyypXalH axwunTam XxonbooTon ron LWWALBIPUIAT rapragar yy?
Tunm=1 Yryn=2

A4 Ta xa43H HacTal B3?

TaHbl 60510BCPOSbIH TYBLUNH?

A5 0=buuur ycar Tawmnargaarym 1=YHWwwnx OGunygar 2=bara
3=[0yHAa 4=TexHUK MaproxnumnH  5=[1sag
6=bycapg (BanrapaHrym 6UYH3 yy)--------

Ta nxaHxgas xaaHa ambgappar Ba?

A6 1=YypxanH rasap 2=CyMblIH TeB 3=bycap (OanrapaHryn 61M4H3
YY)

A7 OH3  yypxanH raspbliH opuMMa Ta  X343H  XKun axunnax  6anHa
B3? Xwn cap
......... [0MN00 XOHOr

A10 | TaHnbl rap OYNMWAH TrUWYYA33C 3HD yypxalH raspblH OpyMMp ambgapgar yy?
Tuim=1 Yryn=2

A11 | Yryw 6Gon TaHah rap Oyn 9H3 yypxaWH raspaac xup xon 6anpar B3?
...... KM
Ta amap TepnuiiH opoH 6anpaHg ambaapaar Ba?

A12 | 1=baiwuH 2=lapT 3=MaixaH 4=bycapg
(OanrapaHryn 6uyHa yy)

A13 | AMbgapgar OpoH 6GanpHbl eMuYnenunH xanbap 1=0epunH emy
2=Typaacnagar 3=BYCad. ..o,




Opartan AmarTan 18 poow HacHbl | 18 poow  HacHbI

A14 | TaHbl OPXUINH | TOM XYH TOM XYH 3PArTan Xyyxag 3MIrTanm XyyXxag
rMLIYYOUAH TOO?

A15 | CypryynuiH HacCHbI XWUYH33H XYYX34Tan B3?
OxuH: Xvyy:

A16 | X3p3aB CypryynuinH HacHbl Xyyx3aTan 60N XMYHISH XYYX34 Cypryynba cypgar Ba?
OxuH: Xvyy:

A17 | TaHan rap 6ynaac XymMyyc3aC XMYHI3H rap apraap onbopriox yyn yypxawmH axun

XUAOar B3? e

B X3CO3r': AXnblH Tanaapx acyyntyya

Ta xd403H »kun rap apraap ant onbopnox axun xuwk 6GanHa B3?

B1
xXun cap

B2 lap apraap anT onGopnox axnaac eep axwun apxangar yy? Tunm=1
Yryn=2
Xoapae Tunm 6on xaaHa axunnagar Ba?
1= TecBunH bGawryynnara 2=XyBUNH X3BLUUI

B3 3=YypxanH komnaHun 4= XyBuapaa 5= Man ax
axyn 6=lazap TapuanaH 7=0OtoyTaH 8.
bycan....cccoceiiiiii,

B4 Ta nxaHx433 raHuyaapaa axunnagar yy acan 6ycagran xamT 6ynar 6ok axunnagar
yy? 1= laHuaapaa 2=l3p OYNUNHXIHTINI33 3=XamaaTtHyyq
4=Hansyyn 5=TaHunyyn 6=Hexepnen 7=bycag /Toxumpox ©6yx
XapuynTeIr gyrynnHa yy/

B5 XapaB Ta 6ynar 6ok axunnagar 601 UX3HXA33 XMYHI3H XYHTAN XaMT akunnagar Ba?
OparTan omarTan Xyyxag

B6 Ta rap apraap anT onbopnox axmnbIilr Xup TOrTMON XUNAar Ba? 1= XKunuiH Typwng
2=6 cap 3= YnupnblH YaHapTan 4=3eBXx6H ampanTtaapaa 5= Xaasia n
6=bycag ........

B7 [lonoo XoHOrT AyHOXaap X349H edep onboprionTblH ra3ap axwn gar Ba?
©OPUIAH TOO:....c.uee.e

B8 Har egepT ayHakaap xa43H uar rap apraap anT onbopnox axun xungar Ba?
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C X3COIrI': Onbopnox ynn axunaraaHg oposiLox 6ananbiH Tyxam (ACyynTblH XapuynT TyC

C1

YypxanH razap 433p UX3HXA33 sMmap axun xmngar

Ba? (Toxupox 6yx xapuynTbir TOMA3N3HI YY)

Twn

Yry

X

1= Hvx vxax

2= Yc 366X,

3. llopoo. xvasp

3=byTtnax.

5=6pemaex

6=Toacnax

7=MeHreH yC

8=lllopoo vraax

9=llaxunraaH

10=Yc 3annvvnax

11=Xo00n VHAO XUINX

Cc2

[op 6vnunH 6Gvcaa rvuyya  TaHb  Tycnax

C3

X3paB TaHbl axunnagar Hexeprienn 9OMarTan
XYH axunnagar 6on smap TeprnuinH axnbir

NX3HXO33 XNNAar Ba?

12=bvcan

1= Hyx yxax

2= Yc 366X,

3. Ulopoo. xvasp

3=byTtnax,

5=Bpemanex

6=Tacnax

7=MeHreH vC

8=LlLopoo yraax

9=LlaxunraaH

10=Yc 3annyynax

11=bycag

C5

X9paB TaHbl axunnagar Hexepneng Xyyxag
axunnagar 6on MxaHx43d AsMap TOPNUNH axnbir

XUNaar Ba?

Yry

1= Hvx vxax

2= Yc 306X

3. Ulopoo, xyasp

3=bvTtnax.

5=6pemaex

6=Tacnax

7=MeHreH vC

8=lllopoo vraax

9=LlaxunraaH
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10=Yc 3annvvnax

11=Bbycag

D X3C3rI: BbyTtaaraaxyyHTam xonb6oorton maaaanan ( Xapransax

[lyraapbir TaBuHa yy)

xacart 1 6a 2

Koo | TogopxomnnonTt Tunim=1 | Yryn=2 | Too
D1 | Ta eepuinH Tr3CcaH yypxaunH
amTau y?
D2 | Tuam ©Gon XB8A8H YyypXxawH
amTau Ba?
D3 | Ta XYMYYCUnr Xencesnk
axunyynaar yy
D4 | Hunt XWUYH33H XYH
axunnyyngar Ba
D5 | Xyapwir on6opnoxelH Tyng | Apryya Tuiim=1 | Yryn=2
MX3HXO39 amap apra | 1=Xyp3 Xo0Tyy
awwurnagar Ba? 2=Wwnrwmx
3=0kckaBaTtap
4=bycagl.......cc..ccevruunnnn.
5=bycag.........ccceeeennnnnn
D6 | Ta on6opnocoH xygpaacas |1 Tuim 2 Yryn
eepee anT Anrax a.gar yy
1=lapaap (TymnaH)
2=Wwnrwyyp
D7 | Xapas TUMM 6on anThir anrax | 3=MexaHuk
aBaxblH Tyn[ WX3HXO33 AMmap | Gaskyynant
apra awwurnagar B3? 4=MeHreH yc awiurnax
5= Xyypan apraap
yraax
6= bycag........
D8 | Ta MeHreH yc awmrnaxrymrasp | 1 Tuinm 2Yryn
anT AnraH aBax OPYUH YEeWWH
aprbiH Tyxal M3gax yy
D9 | XopaB Tunm 6on MeHreH yc awwurnagarrym 6on antbir sfnraH aBaxjaa Aapaax
apryyablH anuir Hb  m3gax Ba? (OnoH apra magax 6on Toxmpox 6yx xapuyntbir
TAMOIMN3HI YY)
1=Yraax 2=CopoH300p canrax
3=Ynaax 4=Ypyumpaar wmpaa
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5=Uyyn xannyynax

6=LlnaHmngaap yycrax 7=bopakc apra
8. bycapg
D10 | Aaapx apryyaaac eMHe Hb awmrnax barcaH yy? 1. Tuim 2.Yryn
D11 | XapsB awwurnax ©OancaH 601 [O99pxd3C anb aprbir  awurnax 6awncaH
0T
D12 | Xapae awwurmax ©Oanraarym Gon  saraag ragras  TawWnbapnaHa o yy.
D13 | Ta MBHreH yc xaparnanrynrasp ant anraH aBaar aprbir HABTPYYNIXMIAr xycy 6arHa
yy? 1. Tvnm 2.Yryn
ANT anraH aBaxgaa [fapaax apryygaac awwurnax 6ancaH yy? (OnoH apra
D14 | awwurnagar 60n ToxMpox 6yx xapuynTbir TOMOSMN3HI YY)
1=Xygpunr 6yxnasp Hb xaunnyynax 2=basxmanbIr
xannyynax 3=XeBcrep anrt
4=Bycag......ccccooviiiiiiiii

E X3C3r: XyapuiH yaHap 6a 6onoscpyynant | Llyynan/ToH Xamxaa YH2

H

E | OH9 yypxalH raspaac [Jofio0 XOHOIT HUMUT
1 | XMYH93H X3MX33HUN Xyaap onbopnogor B3?
( TOXMPOX X3MXKI3CUWH paryy Xapuyntbir
O1YH3 vY)
E | Ta onbopnocoH xyopas xaaHa aBaaygar B3 ?
2 | ©epee OGonoecpyyngar 2. Taspampg aBaauygar 3.
Bycag ......ccooviiiiiiiiis
E | Ta tespamacsH xygsp Oyoy wanaamaa xaaHa aBaadygar Ba? 1. YeHx 2. Bepes
3 | bonoecpyyngar 3. bycag ..........c........
E | XopaB T23paMAC3IH XYAP33 YeHX 3CcBa[g
4 | 6ycoag xypangcaH 6on Har wyygamnr xagasp
3apgar Bd
E | TespamacaH xyapas 3apX OyMm YHUMH X3MXKI3HA CITran xaHamktam ©Ganpgar yy?
5 |1 Tunum 2 Yryn
E | Har wyygam acBan TOHHOOC XMYHI3H TPAMM | .iiueiiiiiiiieeiieeieeineannns rpamm
6 | anT raprax asgar B3?
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E | Antaa xaHg Gopnyyngar Ba? 1=Uenxyyg 2= Ta3pMuniH 333H

7 3=3kcnoptnory 4=bycag.......

E | Antaa GopnyynaxblH TyNn4 9H3  YYPXaWH | cooveveeveeeinnneeenn, KM  /YypxanH rasap

8 razpaac xup xon sisgar Ba? A93paac asaar 6on 0 raxx TaBuHa yy/

E | Hor rpamm anTbir AMap yHI3p 3apAar B8? | cceeeeeerenneenneenns Terper

9

E | Antaa 3apx Oynm YHUAH X3MX33HA caTran | Tunm=1 Yryn=1

10 | xaHamxTawn 6angar yy? .

E1 | Yrym 6on aaraag ragras tannbapnaHa yy?

1

F X3C3rl': YypxanH axnbiH 3apaan

Xegenwvep Texeepemx | bycaa

Har wyygan, ToHH TyTamg pgdapaax | Uar | 3apgan 3apgan 3apgan
axung sapuyynargax sapgan oy Ba?

F1 | On6oprnox

F2 | HyHTarnax T199Bapnax

F2 | 3eesepnex 6Gasxkyynax

F4 | Taspamagax 6Gopnyynant

F5 | Yraax /wopooH opa/

F6 | Bycad....ccocoiiiiiiiiiiiiic e

G X3CO3r': YpbauunaH caprumnax apra Xamxaa
Ta on6Gopnox, ©onoBcpyynaxgaa papaax ypbguunad | Tunm=1 | Yryn=2 | X=0
CIOPrumnax apra Xxamxaar asgar yy?

G1 | WyynTyypTam mack 3yyx

G2 | Am, xampaa anyyypaap xaax

G3 | AoynryinH manram emcex

G4 | Baanun emcex

G5 | AxnblH gapaa xyBucaa conmx

G6 | Xoon nasaxunH emHe rapaa yraax

G7 | bycaa

H Xacoar

H1 | YypxaH axun xunx GONCHOOC XOWW Aapaax WWHX Tamaar | Tumm=1 | Yryn=2

TaHbd UIN3PCIH yy?
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H2

Tonron Tapxu eBaex

H3 | Xapaa myygax

H4 | AMbcranbiH 3aMblH ©BYUH
H5 | On myygax

H6 | Bue ynupax

H7 | Maw ux sgapy cynbgax
H8 | [oTtop myyxanp4d Geemkmx
H9 | 3ypxHun xamHan angargax

H10 | 3ypxHuin LycaH xaHramx 4orosngox

H11

BpXoHXuUT

H12 | Apapraa

H13 | Beep eBaex

H14 | Hypyy eBaex

H15 | bycag

L X3C3rl': OpnorbiH 3X yycBap

[apaarunH anb Hb TaHa ©PXUNH OPMOrbliH 3X YYCB3ap | Tuim=1 Yryn=1 | MeHreH
B3? OX yycBap Tyc OypunH Tyxamg Ta 3CBAN TaHan AYH
XWYH33H TerperHMm opnoro ongor B3? (X3paB TUMM
raXk xapuyncaH 60n MeHreH AyHr acyyHa yy)
L1 | Yypxan
L2 | XAA
L3 | Axun
L4 | BusHec
L5 | NTapaagag 6aviraa rap GynviH ruwlyya MeHre sisyyngar
L6 | bycag
L7 | Ta xagranamxtan oy, Tuium 6on cap Oyp XW4YHI3H
Terper xagrangar Ba?
M X3C3rl: CapbiH x3parnaa, 3apaan
TaHbl capblH OPXUNH X3P3rnasHUN AyHAax 3apgan xag B3? MeHreH ayH
M1 | Xoon XyHC
M2 | Yc
M3 | Typaac
M4 | Spyyn maHg
M5 | CypranTbiH Ten6ep
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M6

XyBuac

M7

YHaa T23B3p

M8

Tynw yaxunraaH

M9

bycan
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