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The scope of this project includes: 1) Establishing and updating of the emission
inventory; 2) Monitoring for the stationary emission and the ambient environment; 3)
Investigating the contribution of mercury emission in iKe®hsiungmetropolis; 4)
Investigating the peciation changesf mercury in sintering plants and cdaked

cogeneratiomoilersand emission reduction strategies.



The total dioxin emission quantity in Taiwan is estimated t8b&-129 g
[-TEQ/year in 202 with an average 0b1.4g I-TEQ/year. As for the heavy metal
emissions in 204, the total lead emission is5B metric tons/year, cadmium
emission is @80 metric tons/year, mercury emission i83 metric tons/year, and
arsenic emission ¥.20metric tons/yeafThe changes are small over the years.

The emission of dioxins igrimarily from manufacturing of myl chloride
cement, asphalt mixing, oil boilers, and small wdaaning boilers. Statistics
showsthat the emission from small wodmlirningboilershas exeeded themission
standards. Since the toxicigquivalencecoefficientsfor some substances in the
I-TEF are lower theNVHO,005 TEF, conversion from WH&osTEF to FTEF has
reduce the equivalent toxicity by 96%. PCBs only accounts for 2~17% of toxicity
equivalence, with an average of 7%.

The monitoring of heavy metalemissionshows that asphalt mixing with
reclaimed asphalt pavememan produce high concentration of heavy metals.
Manufacture of semiconductors and optoelectronics were believed assoajoes
for seleniumemission However, our monitoring data showed that the emission from
optoelectronic manufacturers were high, whereas the emission from semiconductor
manufacturers were under detection limits. Indicating that, even though, the
manufactuing of semiconductors and optoelectronics uses the saaterials the
composition of pollutanis different. Our monitoring data also showed that the
pollutant control devices have successfully reduced the emission of mercury. The
actual detectedof merarry emission coefficient is much lower than the U.S.
coefficient

In addition to the existing monitoring stations, 3 mobile source monitoring
stations were set up this year to monitor the ambient dioxins. The monitored
concentration was close to last y@&ar reaching the fivgear low point
Concentrations of dioxins were high at Shuimei, Ganglien, and Quanxing monitoring
stations due to the surrounding major emission sources.

The monitoring of ambient heavy metal showed that the average concentrations
of lead, cadmiumnickel and seleniumdidn& rise comparing to last year. However,
the concentrationof mercury was higher itaohsiungarea due to multiple major
emission sources.

This year studies were done on the fate and transport of mercury in steel



sintering plants and codiired cogeneration boilers. In sintering plants, 8% of total
mercury was in the fly ass collected by the ESP, 11% was in the sinter, and 81% was
emitted to the atmosphere through stacks in the form of Hg(ll). FGD were installed
after the SCR control devices to reduce thmissionof mercury. In coafired
cogeneration plants, 95%6 total mercury was removedhe mercury released from
the stack are mostly the form of elemental mercury and mercury(ihdicating
that bag houses have good removal rate for megattaghedn particulate matters.

The amount of mercury emitted from taohsiungarea accounts for majority
of mercury emitted in the entire country. Modeling showed that the Linhai industria
zone andthe crematorium were major hot spots. The crematorium is working as
batch operation;therefore, the operation of tre®ntrol devices is difficultLinhai
Industrial Zoneconsiss of several electric arc furnaces and the China Steel
Corporation all of them are majoemissionsources. The continuous monitoring
system installed in the Tang Eng Iron Work fact@styows that the average
concentration of elemental mercury is 5.27 ny/oonsistent with past monitoring
results The mercury(ll) also consefrom the direction of sintering plant, which is
consistentith the findings from the fate and transport study.

ThefiSt eel making and Casting Furnace Par
Emi ssi on v&s momdgatediosldvemberld", 2013, hoping teeduce the
emission of particulate matters and heavy metal from the steelmaking and casting
furnaces.Currently, stationary source Dioxin Emission Standards have been taking
effect We have supervised the 30 of Bpectionassignments out last year. 140
all emission sources were inspected. 11 inspections had failed to meet the emission

standards, the number is similar to past years.
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b /  0.1ng }TEQ/n? /1994
., |200m D ¢ OOB t  w48gTEQD z:'=. @ /| 0.4ng }TEQ/nT /1997
wOE (36%) (41%) /0.4 ng FTEQ/nT /1997
B /' 0.9ng TEQ/nT /
M A b /' 0.1ngTEQ/nT /1995
©f b /' 0.1ngl-TEQ/n? /2000
&) Ty /  0.5~25ng{TEQ/nt / 2002
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M A b (44%) "E (15%E (12%) A b / 0.1 ng ITEQ/ /1997
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2007 D ¢ OB t w117 gTEQD =, & ) -
WOE 2 M A b e 5 M A b /[ 0.1ngtTEQ/ /[ 1997
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‘ t &'H
Al t w w . | s
a o / wl N Iy 3
M A b /' 0.1ng TEQ/n? /1990
; 2007 D ¢ OOB t w83gTEQD z:'%, wl|o /  0.1ngTEQ/n? /1997
' w (51%) el B (k P o) ) N wo0.1
ng FTEQ/nfz ' L 0.4 ng }TEQ/nz A 200D Y™ »
2000 ¢ OB t  w2639gTEQD z:' 0 w
8. - gTEQD 23.% A b V"D = zb 0.1ng TEQNmw oY N
(28%)? OFE (28%) i (13%)
2000 ¢ OB t w812gTEQD g:'t 0 w
9. : ' gTEQD 2.5 M A b /0.1 ng FTEQ/N? /1991
E (81%)y
10 2000 ¢ OB t w6682gTEQD 7%, w© w| Of /' 0.1ng }TEQ/n? /
' OE (81%) b ( mec A) /0.1 ng FTEQ/n? /1989
2000 ¢ W®OB t w3454 gTEQD g:'t o w
115 o ' GTEQD Z:.% M A b | 0.1~2.0 ngTEQ/N? |
O E (42%Y
2000 ¢ OB t w88133gTEQM z:'t @ !
12. C ' gTEQD 22.% A b U" D = zb 0.1ngTEQ/NmMwW oY N
w  OE (67%p
2000 ¢ W®OB t  w112327 gTEQD z:'* @ ,
3™ ¢ } ' GTEQID 2.5 A b U"D = zbL 0.1ng lTEQNmw oY N
w  OE (23%P 'E (22%p
" 20070 D ¢ w®B t w36 gTEQD - W )
14. A ) M A b /' 0.1~2.0ng{TEQ/m? / 1993
wOE ? A b ?
2007 0 ¢ wkB t w318gTEQL z:':. @ ,
15. Bx ! ) M A b / 0.1 ng }TEQ/M? /| 1997
wW A b ? ?
2000 ¢ QB t w5487 gTEQDZ': W w ,
16. A . . ) gTEQDZ - A b I D = zbL 0.1ng ITEQ/Nmw @Y N
i (17%E "E (16%p
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(g TEQD) b E T ou Qi (0]
1- 1244 (20000) © © . AExpo Shllj rdeb and '("I_U m)a n
= 2,3,7,8Tetrachlorodibenzp-Dioxin CDD) ang
2'1(9 B 172 (20010) © © © Rel at ed Co mpRevew ®sf), Natich
33 3 158~1® (20110) O o o © Center for Environmental Assessment Office
4b 5,042 (20040)] © 0 0 Research and Development, U.S. Environm
. ’ Protection Agency, September 2000
51 23~33(19970) O . i CANAWIRE STANDARDS for DIOXINS
6. KO 20 (20000)| © AND FURANSO, Canadian
= Environment, May 12001
7. ° 39 (20100)| U U . A CANAWIDE STANDARDS for DIOXINS
8. 9 1 59 (20100)| w U U U AND FURANSO Il ron Si
Council of Ministers of the Environment, March, 20(
9'0, 26 (20100 ) o . A CANAWIBE STANDARDS for DIOXINS
10.Y 15 (20100)| © AND FURANSO® Steel N
1 1~A 98 (20100 ) %) Furr}aces , Canadia€ouncil of Ministers of th
12. 68 (20100) u 5 5 g 4 ioment March, 200 e
13, ©° 44 (20100)| wu F 24 3 (2012 )
. AAn Assessment of Dio
14. 16 (20100)| v Final Report o, M+omg cKiong
15. €0° 262 (20100)| wu Environmental Resources Management
16. 1.1 (20100)| U . ifRegionally Based A
Substances : South East Asia and South H
17. 30 (20100)] v Regional Reporto, Dec
18.A 421 (20100)| Environment Programme.
. A European Un ieport 19808010
19. © 82 (20100)| v under the UNECE Convention on Lerange
20. eu 157 (20100)| w Transboundar23Air Pol |
20.1 e) 140 (20100)| . New Zealand inventory of dioxin emissions to air,
and water, and reservoir sourge©rganochloring
21’_ z 43 (20100)| w© Programme Ministry for the Environmgn2000
22, 186 (20100)| U 10. NationalDioxins Progrard Technical Report No. 3
23 o 500 (20020 ) 5 Invent(_)_ry of Dioxin Eml§§|on§ in Australla,r2Q04
11b nl, o Kt WFFNi c waAH
24. n 14~51 (19980 ) A y’'| 4 ® |=z 2007
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http://www.env.go.jp/air/report/h22-09/index.html
http://www.env.go.jp/air/report/h22-09/index.html
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"EQ 0 7 df Vo ® "¢ O
FHEE PP EEEI IS .
2-3 N i e ()
A Kw Ik
E THMW)
x 1 Zo0, "Qdb10 mg/Nni
(C)EG¢p{+ E&» x 1 Z0, "Qdlmg/Nnt
= @ 8104710 xZ" ESpH#QV o4 N O E -
'O 3 pdF E'N MK
() 5 ?}'I'Ig_zk 0 ES 81/08/28 |x 1 Zo, "Qb10 mg/Nm
20077 1 1wE)WL 4N Q o
(<) & 4de W
x 1 Zo, "Qb0.5mg/Nn
x 1 Z0, "Qd0.04 mg/Nni
xé 1 Zo, "Qb0.05mg/Nm
M) 4e M Wo
x 1 Zo, "Qd0.2 mg/Nm
x 1 Zo, "Qb0.02 mg/Nm
(t) Q o ES 95/12/25 xé 1 Zo, "Qb0.05mg/Nm
pfQ O 1 £ X 200771 1b 1w> YN Q o
(<) i 4de |
x 1 Zo, Q0.5 mg/Nn
x 1 Zo, "Qd0.04 mg/Nni
xé 1 Zo, "Qb0.1 mg/Nn
M) 4e M Wo
x 1 Zo, "Qd0.2 mg/Nm
x 1 Zo, "Qb0.02 mg/Nm
xé 1 Zo, "Qb0.05mg/Nm
x) Ml 2 |FE |9505/100 £ X|x £ 631w 3 Wo
o O 101/06/0 M| P QQ ~ uXy" néy y vy
() 1 At MI y 4. 09y o, Q)
(X) MI "Eu’a% I o t 500 ng"/Nrﬁy E* +__5 ng/r\lnﬂ,
© 101/11/24)} p " TEA y o Ro
(CGA ) y y 3 K uz
r) 2 |EsnEQ . éuzo, Q x| 5 pg/Nn?*
0 ® x 2 ug/Ni?
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http://ivy5.epa.gov.tw/enews/fact_Newsdetail.asp?InputTime=1020121160245
http://ivy5.epa.gov.tw/enews/fact_Newsdetail.asp?InputTime=1020121160245
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O f a "H K i A
(ql )19035(;1 O a: i (20170519 L.Y d H™ 8 7)) 0.2mg/dscm 2012/01/05
T 137N < ' | (20110519> ) 1.0mg/dscm
542y Z h Il dh54 kka 140eg/ dsc
) B3 L ®620 €E | &g | (1994/9/20L0 M 1996/6/19L 10 eg/dsc
1. Eb(KiIo megatons/year) o] 2 10H 0 ) 50¢ g/'d 8% m0O 200605/10
Oyﬁﬂ Ogocg%%wm@zso ) L 400 eg/ dsq
0053 @ o w000y (7%0) (190419120 ) 35 egldsc
Wt O 0.104 50 egH®% c O
(t )199019937 A «Q A
33 | HAPs Od ) A 0.490mg/dscm
1% d( /'L 3.49073 L 3 250 /u 0.040 mg/dscm
, . r 3 o,
Q o  ©0.00060 e | & g, |(1999/8/30¢ ) 0.080 mg/dscrH 85% O | 55031
2% d( /-L) 4.96640 o >0 ) p A 1.6 mg/dscm
‘Q o0 ©0.00102 (35~250 /uy) 250 /u 0.10 mg/dscm _
3. db( /1) 70 0.080 mg/dscnH 85% O
i K 11767273 (7% Q) 0.20mg/dsem
@ o ©0.00958 (1999/8/30L9 'H 2001/6/6 '
46 db( /17) LYaH a7 ) * 0.020 mg/dscm 200106/06
T k g 1118505 0.080 mg/dscri 85. 'O
5. b ‘/'r;) : - F E Q o 0.04 mg/dscm
Ik 02486 e 7 7. | (1999/11/30-201006/4 H 0.004 mg/dscm 20110321
Q o 0.006 - ¢ | 2001/6/1~2011/9/21 8 H™ @
0 a - 0.47mg/dscm
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d National EmissionStandards foHazardous Air Pollutants Fro®econdary Lead Smelting
b Standards of Performance for New Stationary Sources and Emission Guidelines for Existing Sources: Large Municipal WastesCombu

)

b Combustion Unites Constructed on aefBre August 30, 1999

d New Source Performance StandardsNexw Small Municipal Waste Combustidmits

. cb Standards of Performance for N&tationary Sources and EmissiGnidelines for Existing SourceSommercial and Industrial Solid Waste
Incineration Units
dscm(Dry Standard Cubic Metér)15 y latm'Q t
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(% )20057T
( 77)

R 1. h53
2. | ég,
3.

é

o

‘O a

(0]

2
1

T

(2010/6/4z )L
o H
2011/9/21L_Y
dH 97 )

.m)

0.0019 mg/dscm

0.0023 mg/dscm

0.00016 mg/dscm

15

0.096 mg/dscm

0.0023 mg/dscm

0.00025 mg/dscm

0.00313mg/dscm

0.00051 mg/dscm

0.00033 mg/dscm

0.0026mg/dscm

0.00048mg/dscm

0.0062ng/dscm

0.26mg/dscm

0.61mg/dscm

0.0035mg/dscm

20110321

(>10
MMBtu/hr)

2

| |

3.5E06 Ib/MMBtu

4.6E06 Ib/MMBtu

|

2.1 EO07 Ib/MMBtu

(€

)

3.5 E06 Ib/MMBtu

| |

7.8 EO7 Ib/MMBtu

)

a

7.8 EO7 Ib/MMBtu

|

7.9 E06 Ib/MMBtu

AlL|l LAl L)L

ololojo|olo|9|©

1.3E-05 Ib/MMBtu

1

201105/16

N

Incineration Units

A c Standards of Performance for N&tationary Sources and EmissiBnidelines for Existing SourceSommercial and Industrial Solid Waste

A d Industrial, Commercial, anlahstitutional Boilers andProcesdHeaters and Commercial and IndustBalid Waste Incineration Units

. dscm(Dry Standard Cubic Meteér)15" y latm™Q 1t
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2-5 7 Ny 0 e & (3/9) :
NI - 0§ a o H a A : :
' ) a 3 oY 1 ni N w 3
Ldb 0 .036(0.016)
Md 0 .018(0.0079)
S0 .31(0.14)
SRib 0 .50(0.22) .
Ldb 0 .0092(0.004Q) :
2008/12/02 H Md 0 .013(0.0057)
2010/04/16 Y B ! Sth0 .017(0.0074) 2013/05/13
SRib0.11(0.048)
) Ldb0.018(0.0079)
mg/dscm & Md 0 .025(0.011) $
© R S0 .014(0.0061) ,
(g/dscf) SRth0.0051(0.0022) :
(7% Oy) Ldb0.00069 (0.00030)
Md0.018 (0.0079) :
Sb0.31 (0.14) H
200812001 L H kﬂosb06000009183(5)0.0000403(;57) 2009/10/06 :
Ca . . .
201004716 L1 B Sh0.017 (0.0074) 5
Ldb 0.0013(0.00057) ¢
é Mdb0.0035 (0.0015)
Sh 0.014 (0.0061)
E 1. A d Federal Plan Requirements for Hospital/Medical/Infectious Waste Incinerators Constructed On or Before December 1, 2698,
gnd Standards of Performance for New Stationary Sources: Hospital/Medical/Infectious Waste Incinerators H :
2. A b Standards of Péormance for NewStationary Sources and EmissioBsiidelines for Existing Sources: ©
Hospital/Medical/Infectious Wastimcinerators
3. L=Large(>500 Ib/hr of waste); M=Medium (>200 tfh 500 Ib/hr of waste); S=Smallf(200 Ib/hr of waste SR = Small ruralsmall H
HMIWI >50 miles from boundary of neareStMSA, burning <2,000 Ib/wk of waste). <
4. dscm(Dry Standard Cubic Metgrdscf(Dry Standard Cubic feét) 15" y latm™Q 1t ¢ <
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2-5 N a (4/9)
N/ O 0 a 7H ah —
’ a O 1 ni N, w
é 130eg/ dscm
s i 230 eg/dscm
o r] 02 eg/dscm
e 8.1 g/ dscm
3 g 10 e€g/dscm
a n 23 eg/dscm
& X A Q N =3Y1 3.0ppmwy
1 120eg/ dscHH MTEBC=-=120¢e g/
r 3 A 7.6x10°'Ib/MMBtu L, 300€e g/ dscm
, . a f 2.1x10°Ib/MMBtu 1, 56¢&g/dscm
_ XA 1Q R P N A Q Nzé <Y1 1.9ppmwy
! 7% 0) © 120cg/ dscHn( MY EC)20¢ g/ d 2002012
3 f 6.2x10°Ib/MMBtu 11 1 80¢e g/ dscm
a f 1.5x10°Ib/MMBtu L, 54eg/dscm
5 120X A "QMTEC N1Y1H
L OV =120eg/ dscm
I 3 A 3.0x10°Ib/MMBtu 1, 250£g/dscm
a f 9.5x10°Ib/MMBtu 1, 110eg/dscm
N & 120X A QMTEC NY1TH
O =<120eg/ dscm
3 A 3.7x10°Ib/MMBtu 1, 43cg/dscm
a f 3.3x10°Ib/MMBtu 1, 11Ceg/dscm
A b National Emission Standards for Hazardous Air Pollutants: Final Standards for Hazardous Air Pollutants for Hazardousnhvaster€o
3 fi o (Pb+Cdy ¢ fi o (As+Be+Cr)

HwbpE

MTECd maximum theoretical emission concentration, anédsivalent to the feed rate divided by gas flow rate.
dscm(Dry Standard Cubic Metér)15 y latm'Q t
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N O 0

a A

oY 1

ni N

W

XA

10 | 0 Q
(7% Q)

1l1egg/ dscm

180¢ecg/ dscm

S:| 3| On

380eg/ dscm

1l1eg/ dscm

[]N

180eg/ dscm

190eg/ dscm

[0]N

19 g/dscm (HW Fuetz10,000Btu/lb)
4.2x 10°(Ib/MM Btu) (HW Fuers 10,000Btu/lb)

15Ceg/dscm (HW Fuebz10,000Btu/Ib)
8.2x 10°(Ib/MM Btu) (HW Fuel10,000B1u/lb)

37 0¢ g/ ds ¢HmM Fuel310,000Btu/lb)
1.3x 10%(Ib/MM Btu) (HW Fuel 10,000Btu/lb)

6.8cg/dscm (HW Fuel10,000Btu/lb)
1.2x 10%(Ib/MM Btu) (HW Fueln 10,000Btu/lb)

78cg/dscm (HW Fuetz 10,000Btu/lb)
6.2x 10°(Ib/MM Btu) (HW Fueln 10,0008tu/lb)

12¢ g/ ds c(RW Fuet10,000Btu/lb)
1.4x 10°(Ib/MM Btu) (HW Fuel 10,000Btu/lb)

W

(Total Chlorine:150ppmvH 99.923% i

)

N

W

(Total Chlorine:25ppmiH 99.987% |

)

2005/12/12

b 1. A
Hazardous Waste Combustors
2. 3 f d (Pb+Cdy @

f

d (As+Be+Cr)

3. dscm(Dry Standard Cubic Metér)15 y latm'Q t

d National Emission Standards for Hazardous Air Pollutants: Final Standards for Hazardo®PoWitants for
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- " : a A
N/ O 1 a "H a 'OV 1 ni N, w
" E _ é 551b/MM tons clinke(1 z ~ /)
ma ' (200905/06 |5 - ())’a yB H é 211b/MM tons clinker(l z =~ /) 2013102112
1 >8300BTU/Ib 0.003 IBGWh || | 0.013@lb/GWh)
1o |0 1 <8300BTU/Ib 0.04 (Ib/GWh) || | 0.04(Ib/GWh)
IGCC . 0.008 (Ib/GWHh) |[r | 0.031b/GWh)
1] © 0.0001 (Ib/GWh)||F | 0.002@qIb/GWh) 2013/04/24
A ( 4) 0.0004(Ib/GWh)|[F | 0.0004(Ib/GWH)
E Yo" WM N 0.002 (Ib/GWH) [[F | 0.002(Ib/GWh)
S l &g, o 20 €9/ Rm 2006
po0st & 120 1Y o . 20 €9/ Rm 2006
e 0 (e 1190 3 X A Q o é 50 €9/ Rm 2003
)db °Q) pad o 70 £9/ Rm 2005
g B o wlisl 1 o ( 120 1Y 11%0) ° 40 €3/ Rm 2006
1o | @ ®1.320 ] é  [2g Hg/ton metab ; 2008
c [(B)Ra d0.417 (y vy 5 P 0.2gHg/tonmetab - ( v y ) 2000
(4) 2 2.432 gy ) @ 1 g Hg/ton metab ; ()
(5) ©0.417 85% 3 kg/TWh
(6)Z° d1.18 I . 75% 8 kg/TWh
( ) e 5% 15 kg/TWh 2006/10/11
85% 3 kg/TWh
o 1. A d National Emission Standards for Hazardous Air Pollutants forRloetlandCement Manufacturing Industry and
Standards of Performance for Portla@ément Plants
2. A d National EmissionStandards for Hazardous Air Pollutarisom Coal and OilFired Electric Utility Steam Generating Units
and Standardef Performancdor FossitFuelFired Electric Utility, IndustriatCommerciallnstitutional, and Small Industrial
Commercial Institutional SteanGenerating Units
3. A b Canadawide Standard for MercyrEmissions(Endorsed by Ministers June 2000)
4. A & Canadawide Standards for Mercury Emissions from Cdakd Electric Power Generation PlafEndorsed by Ministers,
October 11, 2006
5. Rm’t 25" y latmQ 1t

»
v
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http://www.ccme.ca/assets/pdf/mercury_emis_std_e1.pdf
http://www.ccme.ca/assets/pdf/hg_epg_cws_w_annex.pdf
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a n'H a A
. a 3 ‘O 1 ni w
C 5 mg/Nn?
3 30 mg/Nni
t 45 mg/Nni
1997/0% C  0.05 mg/Nmi
é 3  3mg/Nnt
t 5 mg/Nm?
(&
S 10 mg/NT 1997/01/01
1997/01L 2 35 mg/Nm3
é 3 1 mg/Nn?
t 3 mg/Nn?
- 1997/01> S Y3yt  0.1mg/Nni
- 1997/01L é c Y3yt  001mg/Nnt
é 0.03 mg/Nni 2012/01/01
z I F
L] o 0.7 mg/rs 2013/07/01~L
N )7 FooZ7 o M! th5 mg/ni  2015/06/30 |r
b+ 0.7 mg/nt | v v
. CRT X4 § r 3 Ny ¢ Z° MR d3mgni |IF | Y
C y y v 0Ot 2015/07/01 L
L| o 0.5 mg/m CV @
0 |F : _
t 8%) Ny FoZ7 Mm d5 mg/n? L
dr 0.5 mg/ni 0
Ny v Z° MW 3 mg/m? _bo13/07/01 |
vin oQt P
Fluy o &5 mg/nf
1. A WE Qé A YL € p3+Q O \ (GB 90781996)\? 19967 3% 7w X
2. A WE Qé A Y = € p1+Q 'O \ (GB132232011)Y 2011717 7% 29w X
3. A WE Qé Y I+ I € pH#£Q O V (GB294952013)Y 20137 3b 14w X
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a
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(@)
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w A 200371
(1) uz
(2) o,
(3)r

(4) u
(5), u
(6)e y
(7) u

INONNLN

[eNeNeNeoNo}

o)

N
0. "Qdb9.402e
Qb 8.223e

Qb 0.769
Qb 1.668e
"Qcb0.016e
"Qb0.021e
Qb 63.18e

4]

10 mg/Nmi

30 mg/Nnt

1.0 mg/Nni

=<

10 mg/Nn?

:I_y*<- <

u AN o

20 mg/Nn?

i N Cds

1.0 mg/Nnmi

N'H CACO,M

1.0 mg/Nmi

1998

(0]
(Sth 20
12% Q)

w2 TH
(G )

[+ 0.2 T/H)

0.2 mg/Sm

0.02 mg/Sm

y | 0.2T/H

<2 T/H

1.6 mg/Sm

0.1 mg/Sm

<0.2T/H

5 mg/Smi

0.2mg/Sm

2005/01/01

(o]

(Sth29: § 12% Q)

0.1 mg/Sm

0.5mg/Sm

0.5mg/Snt

FvyvinE N A

”‘ ¥ Y 6. Ozy

0.1 mg/Sm

0.5mg/Snt

(E

Nvn 2e

Hn W)

0.02mg/Sn?

0.2mg/Snt

(E

Nv n 200e i /Hx

~2e W )

0.1mg/Snt

1.6mg/Sn

¥ 15% Qy

DN (Dr

0.1 mg/Sm

O Y 13% Qy

0.1mg/Sm

0.5mg/Sm

"HX

0 |«

e O vm)

5 mg/Sm

3mg/Snt

1.0mg/Sm

10 mg/Sm’

20 mg/Sm

10 mg/Sm’

1.0mg/Sm?

5 mg/Sm’

2009/01/01

o

. c 03,



L1-¢

"o

©

@«

2-5 N W € a (9/9)
. a’A
K n R —
N O H a 3 03 1 ni w
5 mg/Nnt
3 mg/Nnt
- . . 5 . é 3 mg/Nn? 2001/01
Oo | Fi T O N oLl A O L ma/NI 01
5 mg/Nnt
5 mg/Nn?
2006T EU27 ~ b v 0.1 mg/Nnd
1. 4Zo, Q2239 1996/12/3b U e 0.1 mg/Nni ]
2. 4 Zo, Qb127 Z 1 mg/Nn
36 yZo, Qo3 ¥ A (y v v VvV y ¥V ¥
4. 4y Zo, Q198 o y 0.1 mg/Nnd
5. 4 Zo, Q3,429 i € 0.1 mg/Nmi
6. 4LZO0, Qb1,335 1997/01/01L Y4 2~ -
7. 4 Zo,6 'Qd6,751 s 1 mg/Nn?
8. LUZo, K 'Qb376 (y v v vy v vy
euZo, QYoté p Q 0.03mg/ni
° 20067~ 0 b , 0.05mg/ni
1. 4Zo, Q108 , ST v osos s WZo
’ 4 £ . o £ N Quzr o 0.5 mg/m
L He0 ot A Yy y AW {
3eyZo, Qd3 o, Yy é A 0.05mg/n?
4. 4 Zo, Qid5 VDy vy y 2004
5. 4, Zo, Q2113 : 0.5 mg/m
6. 4LZO0, "Qdb108 Wl g0 0.5 mg/ni
" N QuZ g Q
7. yZo, "Qd)l,885 o Ay VvV AR 1
8. 4Zo, Qb31 o, Yy é A 0.05 mg/m
vy vy oy y

ro

1

ee

e

c

Cc



EO 0

2-18

Q)¢

dF o ® ¢ O
5 €& X  w(GlobalMercury Assessment 2013, UNEP)
Ovézxngp = Qv | Y UNEPy ~ 2013
dn é& X w’eY weM 03> é& O y 00
n uyé’ M 11 uy E (transport and fate) W
Y e U BAaAWEéD{TF O K Qu
cCQ X €t Y Zo" Y Y 1t D
@) h o a
3 b 20100 w Dz °h w#AB T w
1,960(1,0104,070) z ¢ &~ 50-100% X 5 a
h i T 2-6A ® B o . D X
a N SE w dcwkcA a g ¢
h wH B w WG (Artisanal and smalbkcale
gold mining, E ASGM) w 7 ASGM w (727y )
T kh ( w w474y YYww B
©w AD a 3t B h o ¢ 62%z &
r::. Oy oa w HKkK “ be Of Z
Oy o a ) Tl p oz K & | B KX
Z g bw3 «a A h o =2
abc ?2 01 ? p::
" M K a4ayhH Z p
I oA & B Yy KcA pK |  a@a
A M w Z! U z K Yy zZn" K~
Hf X 1T @oaVa zbMohedrl woa
A w2
ns WHh o C. 39.7%¢ b b B w0 3
5 W- 75%wW Z X Ob HO ® ( 600 )
T3 Bz _ T V£ ¢ QOB z 3
b ? 0 I o o cluw z
3 b B I K w At Z
B Xbv~ 7z wh 2 Wa w2




o af s o &
2-6 . h o a i (20100 D)
0 O ( )Ye 0 wW(%)

10Y N

1) 474 (304- 678) 24

@ Hu & 9.9 (4.5-16.3) 1
2. Yy TR

1 @ 45.5 (20.5 241) 2

) Q K 193 (20.5 660) 10

(3)€ 97.3 (0.7- 247) 5

(4)é 11.7 (6.9- 17.8) yl
3.%a , 173(65.5- 646) 9
49 i 16 (7.3- 26.4) 1
5p3 ® p 82.5 (70- 95) 4
6. 727 (4101 1,040) 37
7. 1 o) 28.4 (10.2 54.7) 1
8. H - 95.6 (23.7 330) 5
9mo (© ) 3.6 (0.97 11.9) yl

1,960 (1,010 4,070) 100

Nw dUNEP Global mercurpssessment 2013(sources, emissions, releases, and

environmental transport)

t) b e O

Z2b €8B W) VA
E Y - Co3FNz2ahoa Oxn
€z. 3B N .S
Ww: i s 2
| a. hHB

v ® 200527 B

a

h ; c OM H

bhk Mo H

1950s1970g 2 .

Z!
H o o xz We A Hz
B h W cI2aHY 2
) B h #2 o
g B h fYuweE o h

(gaseous elemental mercury, GEM) b h (gaseous oxidized
mercury, GOM or RGM¢g
PBM)p B A& b
B b

A h (particulate mercury, PHg or

bhe Ah R ZN Z

N Yz e o h . N WU Z

2-19



"EQ 0 7 df Vo ® "¢ O

- ? - ws A K B h
n - 15200 3 7z~ i 0 N
B hA ® 2007O Ny wzf 7 Ny ?d Kc
B h (AMNet)e ~ A hhV (NADP)z
N M UNEPWNVY IEY 2
X §7 i % o h° £ H” €
ve OM H ZeH NO|zsm HB h

~

w H y Xy # b

37 2 OHM®

Hm I 2
(X) 7' 0 o (Major gaps in knowledge)

1.h w 9kt ¢ W yiz: 2AOH

#2 T hk WTzi oa & HE

w 2 {=. . b Pt
B ? [ é ? € ? H

A b 4?20 b?2be CE !

<
<

w
=
o
m < N o]l
. = >
Qi ,8,
> N
D 1]
W
Qr:
o F
T w
N
- s *
(o
o
E D~ Y
K): =
Noom O
[43]
-

Xy 3 H A o é a 40-60%

2-20



0Vé O a YV Z
allaw p G 0 Tt

® Ay ¢ O.. |
€06 e Gon b E W

P Y .o ] =
Y oy 3 T EY WO

Bewa & éuyu MQémwn 0 COAY
Q vwn’ 0é uYs> Jaxe wy
XU0axw n COAY 0 Vi

YK taw X COA & V

2-21






EAY

n w

R e o L L e SR L s o L 2 2t






n A

PEPOBI B0 IR IEEEE55SIIIIEEEPEISEIIIIIIEEISIIPEEEEIIEIESIIOESEOEE0
n w
0 ES i P AL t A A H L)
WYAT «LlWB ABgq T 0O 0O y ry
) €S 0 m M m H oQwn é X
noavY | , 3-1]

-
-

\
"O A |Il (i)
1 ES ;
]
1
1
1
U
3-1 3, W «€ §
O m eEY ¢ B Ag P HX 3 Y
A mn méLwo "H niu v Hy M e
Que e@ t+9 B PY LWwnll & 313 A v P
ml > Y B 7’ s YHhz A né COAL ;7
¢ Y d T umé COA uVYlq i
AT «H 49 € b W r ES YZut~
ES Jtv Nu §{§ Y r 'H Yd DL-PCBs
dqumé 3Y 2 NABATWYB? U wv n I-TEF'H
WHO2005-TEF 117 nt, J1494Y &k~ O N 4
L2 2R L L2 LAl Rl Lo 2 LA R R LSS RS Lall R Bl L RS L S Sl g o e el L2 Lo 21

3-1



Eo ° ar o W 'r U
¢ L X & o a8 o * a n & n o = X
K Ywmo édvim 1 Y OAEoOo
4 A T PC” wmo é& O Y W 0 Al
O H QW é - x KB z 5y,
NuéyY Y0 x YZ Ao Q
3-1 3 W «E€ HmuyH
3 ne 3 A P
: NIEA A807.75C
o NIEA AS08.74B |l v
o a (z PCDDy PCDF§ DL-PCBs) NIEA M803.00B
- y yévy 15 NIEA A302.73C o eQ
r NIEA A308.10C |p e @
. NIEAABOO.1IB |\,
I NIEA A810.13B
(z PCDDy PCDFy§ DL-PCBs) NIEA MBosoog M e@
NIEAA20812C |},
v ou 14 NIEAA305.10C "5
- NIEA A306.10C e
é NIEA A304.10C o e@
r NIEA A309.10B |0 e @
] , U ASTMD678402 | | ;
H QU  é7Q =X a NIEA M318.00C o
NIEAW33052A Q@ €
o H QWU e X Quévuv x |

3-2




3.1 a o
E 8671 e wh Q o r (@) hY €E£
ég o (@) r g avYtn~ C re 1 (@)
| M Hb £ Q o ¥ Ay LI
u J k F o~ r 0 0w r
"0 Y3 957/ e wh E ¢ o 4 r O hY B E W&
p 3 O rd 49 al>. O a d®% V' @
M « qj ... (I-TEF) t r «f - V Y a
Q Bz, roo L] vt oonm (WHO) 157 W
n NYU 20057 7% N P r «f LI WY
ulb 20067 e e WHO,005" QMM r <A . Y 1 u.
r o nen . Yu 9 129 T
t3 N . BL 0 0 ro«on = A
Yu200 P 0 O.. Y9971 - YV . p 0
O EHB PP N r O AY kK Z1 = =
r (@ € n - Q o y y A yi k y
RO U k [ ry 1]
roo. -0 L A (102)T </ S y f Q
NKd y | H VAR u b & P O Y u
¢ 5 bz, ry. 1 roo. Tl
Y, O bN O t Y5 99T 3 3VYA P
r ‘0 P O P N 76.6WB € n r O
(® 3-2)Y © BO~ O ny € t|]

3-3



"E6 0 7 df Vo O "¢ Ow
& LT o = S e

3-2 © t K 5 w
© 0 1007 O n 0
(9I-TEQA ) |P w W
1. Q o 4.362 7.83%
2. 9.840 17.65% 991
3. A 13.206 23.69% :
H 27.408 49.17%
1. 31k 1.475 2.65%
2. J 1k 1.141 2.05%
30 0.337 0.60%
4, I F 0.190 0.34% 1007
5. 2 8.318 14.92%
H 11.461 20.56%
1. ¢ 0.264 0.47%
2. F QN FRa 0.679 1.22%
3. | H 0.122 0.22% A
4. 1§ 2.597 4.66% '
SHE & 0.176 0.31%
H 3.837 6.88%
- B pp n O P
z 13.034 23.38% 26.6%
55.740 100%
3.1.1
V 1007 r O K Q yvYYo ( g )Y
F QOma v | "H VAR y bbE & 100
T r 'O t 3.837gTEQMYK 5 ‘O 6.88% 3-2)
T A/ Y t
¢y ¢
S o 1~ 0 S .23 ¢ (EDCyY
Lqg W A COn EDC k o ~ 2 g
(VCM)Y v PVCA ] L oy VCM |, D
PVCY PVC C (Polyvinylchloride)A Y, £t —Uy
CO—Y Dt 10 PEA 3 € "Hn Y X€E
“Hn (PEy PVCy PPy PSy ABS)M C A z i
"W o yg y o 3 ¢ A 0 MY
225 W oy Y"1 Ju Q rno>A V
JuY 4y wt K % r A ney

3-4



S MYO o yg¢ §y & LIS 3
S q o ~ 2 ¢ t¢ y 4y
M r (@) W g t K L
B ¢ W D 160 e yiw NR W E
| Ty ® 3-3Y A, & €N ¢
A P L
3-3 1000° 2
a ‘OE S (e )
1. ¢ A P5801602 P002 604,454
2. ¢ B S2201109 P204 429,394
3. ¢ C S1900685 P205 249,118
4. ¢ D S1900372 P0O07 328,419
H 1,611,387
y F QM A
War OAN Ny4AN u™H y > ¥
~ o Y Z _ 3-2"Hy L N K Y
Yy EyT +y A NW mwWF W q dn
H, | OANJIM, NN LY W 9 1500
7 3 3 Yymiy Lvit NJL L YV MRad W
PY YV Kot ma | Q OV
X 80 3 u 35 O}
3927 & YV A P~ 5 Y
TQ P 87 O YZME&AnB & é
& 3-4"HYy | OAOMI p Y QT WA F
y J39ye4d QY vy T O <ol T
0 QM KRG r O N t/1RYoy
QT W G Q u d € FYdAT <q
P r O AVYW % F Q r
0 Y Ra E |

3-5



3-6

Eo » df Vo o "¢ Ov
L2 2R L add LR L L SRS e i 2R RSP DR 22 0P S L Do g L2 L2 2]
® 35t 5y, MRa 101 T QN © NMI A4
N( AANLYs Yy Ey™ +y yy ynm £ QY
G H 1 YWd E yMHRIF yRIH y KA J
L Ra K d 0 MF dp & QL
,
3-2 Of
3-4 0Onf N h () N\ i
T 0 - ... FQH' n Q
mg/Nn? mg/ton | 1Ib/MM ton ‘ '
92 0 E 2.16x10° 4351 95.92 p
94 0f F 2.41x10° 3.66 8.07 -
on G 1.3x10° 3.33 7.34 -
O H 9.6x10° 14.39 31.72 -
95 .
01 | 2.0x107 5.02 11.07 -
o1 J 1.0x107 22.83 50.33
O K 1.62x102 46.55 10262 P
P? T e0f ?
c T eof?eb f?
100 |, ) " . .
Of L 3.5x10 109.82 | 24211 [ ci@f?ef . A?
b E 7 ?b
2 XP? @7 5]
I Emt 04 F55Ib/MM tons\ oA F 21Ib/MM tons
L2 2R L Al £l 4 P SRS e i 2R RSP DR 22 0P S Sl g o e el L2 Lo 21




3-5 Of 1000 A" T T 9 KA
y i} 1007 N
A4AND FQ
I N . e )
1|Ra J y v 193,63"
2 |G E go P4y JY O fea 2,340,44
3 [Ra K Aipdyoo oay 3 702,79¢
3y fpdyX fHopdyoo »aAYyl XADAY
4G L pd . Qy o A Yy yo y Yiy 1 612,771
Qy -
5 (a A 664,17¢
6 |G F AisyMNay A 3,583,63
7 [Ra H Iy i 1,153,19
8 [Ra G i 4,060,53
’ K van 3YV 917 1% 9w X
M U Qg2 n A ( QAL 10171 7b
19wy £ X)¢ Yqgonm th JHMOW ¢
HU N MNyYs HAS L TVT A
¢t XANU QT YN wnjl u Q' v
R-1101b 3 (1 0 104/01/01 ny L fF° 5)
z R-1106Md NJuy R-1107b Al (Hz Mg Tl
Ad)l . vin JEEMNMIULAI)NOo™" 4, £t ZzX0D
20%~30%1 Al,03Y R EY ¢ MmMAa N F J
K EY w En | OO0 35> Q' %
a F e " EBU K M I BBt v g
ml AJYZ bvn J3n° Y oot hz M J
u Aagvd Q Nom NMIuAsIva |
1047 L& W, "Hy m MM 3y A m © Y O
MauyuAIvn A AYRG L viaMds AJ (W
tH Qum ) - m EYOO N \% J]
M LqF4dUN YAI/ FANMN | Wa E
vaMdMIWw +tH Qunm ) n EY’ FAMNN Y
via ® ANMN1%~2% Wad F =0 vvia 8§
MmNy 3 ( W 3 Ra M )y A

3-7



"Eo o 7

3-8

!

J (WR
t AJ T

S 4% s = e

YW o EYRm LANMS5%YNI@

3~4\V |

1Y G KN Qg2 7 vim J3VvYT

v nt
R-1101
nc¢ uy

<
N

<

am

->(

Lz © >
€

o MWaviyY,
36 Y1027 5%

Q o N3 Y
Bt W h D-2499Z" &

Qh 56 |

M ™H nnNnoT ot
N F N

| EA, N7

W g8 0,

q ML n "HN

3 e QL o

N yYsnq . X 162A

B

4

v
|

Iy A ( 3-3)

m Hn Y O™ NWNN
U H X € a’'H
e/b NYun On-

y
> (
W N

NVt A > oYq
A n t  wnYy

a Y NO
N u, 2~ At
S »MY, T~ 2
Ac Y IRG

q
Y
U



n W !

EEEE-T L Eeber - LBl Bt L o FEL L ER-EE L LN DAL L Ll IR A L Ry L F el 1 DER PeE 1 R L L
oLl Y t r - Yt O
Q Y A k | '"H M P r O
Yu ' FR r 'ES " PY
Wo0L ué M TX anm ) i
§
o _ 9 BB CD)
= FI8R) HEED)
EHHH2)
= =2
F R E) - n
A 10
G S TEZERID)
. EEEO
B R ) BRI M5
* B EHERS
T S) H____F )
FFER(9)
3-3 7 N i |
EEEE-T L Eeber - LBl Bt L o FEL L ER-EE L LN DAL L Ll IR A L Ry L F el 1 DER PeE 1 R L L

3-9



\ s

ar
LN LRl Rl L

EO 0

Sl ey bl O RS E

Rl A o a Lo s s L n Sl SR s

Lk A

Lo & 82 L

4Ydt £

J

e @H

Q

=

O

Kl

e @ N

€y

v 100

HE

Ed

Sl

Ll

(B0

>

t

7

E &

Sl

_6L

3

Sl ey bl O RS E

R Rl Al o a Lo s s A SRl L R s o

Al £l Gl d L e o

Lo & 82 L

3-10



F L oL L F"

3-6 3 i
O n A, w
1. ¢ c A B € 102/04/01~03
2. F QI A %a E D& Q 102/03/27~29
180 O M 102/05/07~08( , r 'E
3.1 H | H M 2. r 'E; 5 7 "1 P)
Qmn
4. Qi i N i € 102/03/20~22
180 O M 102/05/14~15( , r 'E
5HE D § e D & o |2 r 'E; 57 T P)
Qi
3.1.2 A
A r O Q ® 3YOOM Kopy
S A yWd&E yN u I H M nxd r
'O <711t 0.03% 0.030) 0.00y 0.654ng I-TEQ/Nm*Y d |
Ewo r O a 1 (1.0ng I-TEQ/Nm®), D &
o 'O -t 2.839ng I-TEQ/NmY B Ewo 4
r O a 1 (1.0 ng I-TEQ/NmM*)Y A. "H P A
vwnpg Y A w mVvV YTb 1 Q0 w
e YT EF T ALIW ]
¢y ¢
c A %d <t 0.032ng I-TEQ/NMY W
WHO2005-TEF L r «f -t W I-TEF
r M 90%Y Yy A n r ‘O
o T a L
A 1 7 7y @ 3-8Y Al Q. "H
M "O.. t 5.05ng}TEQ/e g Y a0 A
n % d 1 163 ng FTEQ/e g L] O&® 3-8K2pY
A 11 O -1 «ayVyT ~€Y O..
EY A Q g t+ .. Knna)

F L oL L F"

3-11



¢T-€

Al J

o

3-7 3, t W i
r 0 = (PCDD/Fs+
PCDD/Fs |[PCDD/F§ PCBs | PCDD/Fs+ PCBg PCBs/ PCBs(WHQ 5 5
0 Dioxins |25 TEQ)/(P b - O...
W (ng FTEQ/NIT) (Ng WHOx0s TEQ/NIT? ) CDD/Fs(+T (Nm¥min)| (o
EQ) ()
[A] [B] [C] | [DI=[B]+[C] | [E]=[C)/[D] | [F]=[DJ[A]
102/04/ 0.032 0.028 | 0.001 0.029 1.91% 91% 89.59 e 235 8.9 4.970 ng FTEQ!
G 09~10 0.032 0.027 | 0.001 0.028 1.80% 88% 89.59 ¢ 236 8.7 4.999 e c
A 0.033 0.029 | 0.001 0.030 1.80% 91% 90.47 239 8.7 5.192
X d 0.032 0.028 | 0.001 0.029 1.84% 90% 89.88 I 237 8.8 5.054
0.025 0.023 | 0.004 0.027 15.02% 106% 187.84 6,591 9.9 52.998
. 102/03/ e ng FTEQ/
QI A 2829 0.047 0.047 | 0.006 0.054 11.97% 114% 187.84 N / 6,590 10.3 99.511 e
E 0.016 0.014 | 0.003 0.017 15.57% 103% 186.40 6,570 10.3 34.442
X d 0.030 0.028 | 0.004 0.032 14.19% 108% 187.36 Hor 6,584 10.2 62.317 N
0.001 0.001 | 0.0001 0.002 7.66% 117% 0.04 ~ 11,964 6.0 | 25,631.767
WS 0.001 | 0.00110.00004 0.001 6.43% 82% | 0.04 CF? 1 [[11997 | 59 11682340 '(;TE]Q’
0.001 0.001 |{0.00001 0.001 0.54% 102% 0.04 : 11,875 6.1 22,731.212 N
X d 0.001 0.001 | 0.0001 0.001 4.8®%6 100 0.04 Hor 11,945 6.0 | 21,681.773 f
102/05/ 0.165 0.139 | 0.0035 0.142 2.44% 86% 16.00 e 331 17.7 204.806 ng
‘ 07~08 0.046 0.039 | 0.0006 0.039 1.53% 85% 16.00 H 330 17.8 57.420 |I-TEQfe
M 1.750 1.585 | 0.0972 1.682 5.78% 96% 16.00 : 330 17.8 | 2,165.130 |
X d 0.654 0.587 | 0.0338 0.621 3.25% 89% 16.00 s 330 17.8 809.119 | H,
102/05/ 5.370 5.007 | 0.2481 5.255 4.72% 98% 0.55 o 510 18.0 |298,750.587 ng
NG E 14 1.756 1.594 | 0.0903 1.684 5.36% 96% 0.55 D /b 510 18.2 | 97,703.018 I-TEQ(e
o) 1.391 1.269 | 0.0803 1.349 5.95% 97% 0.55 506 18.5 | 76,761.120 D
% d 2.839 | 2.623|0.1395| 2.763 5.34% 97% 055 | 509 18.2 |157,738.24(
O 1.0 -
® 1. PCDD/Fs . r 1
2. DL-PCBst r S
3. Dioxins . r r ol

ro

®c

c 03,

D6

E)

e



3-8 D 2 t w i
. ; 0 - 0O...
S (ng FTEQ/Nn?) | (ng FTEQ ¢ )
98/12/15~16 0.142 22.2
99/01/11~12 0.032 4.32
PVOL | 100110728 0.199 25.4
s A 102/04/09~10
A ) 0.032 5.05
PV02 100/10/28 0.561 77.5
PVO06 100/10/29 0.706 101.9
P203 100/07/25 0.728 492.2
G B 100/09/05 0.318 93.8
P204
98/09/28~29 0.239 1,658
100/10/11 0.030 154
c C P205
100/11/07 0.151 88.3
100/01/13 0.766 257.6
100/01/24 1.450 567.3
c D P007
100/08/11 0.456 80.8
100/10/20~21 0.289 113.3
3y f QM Ra
A 10076 van4QN mWIANTYg¢XOoO
pPaAYy JYy o Ao & YA P
1Y vian4QN maANTYG z TR I |
-« yYBz N DL-PCBs« 1 <P
r M 14.19% O &kt TA . n % d 1 8%Y
y A nn r. 0 =7 L
Al QE N O.. t 62.317 ng {TEQ/e
N Y A Kk zZ~ Q71 Y T (& 3-9)Y
n %d O.. 55.460ngiTEQ/e N 12%),
& X AYdaw n QY -~ A
3 Ra AY mEad v Q Y
oyz X~ z A QYK "~ n° 0 -
A YL X F QA Ra P e XK
AY ~ R4 X Qn ., € |

3-13


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































