m IR B
-

2= 5,05 =B e B B 1R HE 13211

ZR5REHEE A B TEEGEIERRE




Y w

¥

01

02

03

04

e

o A

E| T2
ES

7—

==

¢>§

i"s';iﬁ. I
Ministry of Environment

~N4¢

SRIRBFNEE
3 (Dioxins) ZJE;J? e=E bl

SRIERHNE R

mﬁFﬁSZFﬂT’“%IJ

Z‘kﬂ of

fiix:

==

2

>~

i HE £ A3 )

SRIBHNE R
2{CHZRIR - 7’“




IR 1% &P

J*\— Ministry of Environment

01

EESRIEHNER
EEF;E‘E (Dioxins) zm
_ f"iﬁi BE%UJ S

‘ T, - = =

-

b ,.,. g " “_
- . -
==y - : —
g s
=
” -

Y



BEESRFEHMEERHEF (Dioxins) ZKiR - i&Z G

& BE¥EZIRIFSRY  BR "12KEGEY . 2 AHEERITARA
54 (POPs) NEIIEEME - &I ZFrLISIEREETZRERS
FFEAREESMY  ERSHEMILUIEEZERENARM - BIE¥E
—BEAANE  MERAHRE  AREABEALERERLZRK
PeRnAE A IR - WIELtRIIFEESERNRN - BMERNNFRIBEETRT
£11F - #IRIEF  BEFXESEZRERVED - BV ERSVE P
UEHS  BEXFBENWEEMES

& EEIIRFEPHIRIRGRY  BEEXBEERYED  T2FER
Y aRr &N -

& \NEEBERY 0% LE@BRY) BRI - I =m - RIA
MBERERMm - FEEXERCEH I RMHEERREE -

¢ ERYEHESYE  USNEEMNEEEHE  BERERM - 7
BAR - &2 DISHURE -

¢ HRBEXSREFE  AMMBEASBEERE  RELAfAERE
HEE -  BERRRSNEESTE - FE2SZNXEEERR D BARIREA
R -

& VRV ANEREERRENEEREZBBIEGIRE - UEE -
EiSES L3RR - DUBDERENTA -

1 SOURCES

DEEP
SEDIMENT

¢~ DEEP SOIL
E Y

-
T

o

m

1]

KEY

. |FLUXES AMONG DIOXIN RESERVOIRS




BEEHEZSFER
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- NYMU

- 1E841E tiExmFHPCDD/Fs¥192E %10.4 pg WHO-
TEQ/g  57E AR )P mrIPCDD/Fs 19 EE %7.39 pg
WHO-TEQ/m2/day -

| o 1TIE EPSB%EI’JPCDD/FSEZKEEAI$/§§7JE’]7<,—L/)LIW(

o EEel 44% - BIFRERMINIR/SEBEERYWLIE RS - EINE

AMEaClEHESE ) MIRESH (439% ) - FI F17%E8IE

ZENRMRKEE

BRRIR : Tuan Hung Ngo, Han Hsing Tsou, Ya Fang Chen, Yuan Wu Chen, Kai Hsien Chi, “Sources identification

of PCDD/Fs in soil and atmospheric deposition in Taiwan” , Chemosphere, 208 (2018) 374-381. 12
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& NERPEASHENEEY BN EEE  IeEENKBERN - ol E ik
MeE - REIEBRIEESRREZRR - LEPHELERSR - A B ERUUKEEINENESE

& FYEMEREREXEERREATAYEE - A REEM IR 1997F 20125
HTCDD#ELT /FHE - REVERMALBRTHREER - HEHE BB RN AT
TCODR#A "EHMABRBEY . - A8 TCODIARXEEBYE H WHER—EHE/
=B - BUmE PR o] IR AT -

& HRBRESEFE -  AMMBEASEEEINIREEBSRESN T —ERENERYE TR E
& CFrRERVIEISRIE - BRI - ERIRIBIEBARE EATRENRRE - 2M - BREEI(
SVEBERENETESN - FERXRISBINANED BANRIERVEES -

& S EE XETPHRREHEREEAEE  c TERNREZMLRXE IUEESHRE
—ExE —LEASFHEUERANE (NELEM S AKERRRE ) Sz (WEHSFE
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RPN TS A

e —

PR EF R XA

PRER T \1_14% . R ¢ HX2011-2016%F¥19180.49 pg-TEQ/kg

e 525 /0 - #/E750.035-2.4 pg-TEQ/kg B2
/0 . 2016 EfHEt Y HETBABTY

" \%:20%
{540.44 pg-TEQ/kg B2E/H - 951818
Him =@ ENE4 pg-TEQ/kg :2&E/H -

6.17%

CBBEUBEE TV A F Y v EEHRREEEER  RALAFHE ThHADLMRE R
FZ—BMREAZBEETHAENRT), T EMAF -
HHRB B ARBE LR AENEE) A 7FEE TEAAICB T 2% HE 01X
BFIIOVT—ILFDWEDANDIESEETE=F) Y 7#HE (2011~) — |

B2-4 BABEREFBHBAZRESM(20145F)

» 2017 -

ERHOR : BIEFFA - " BESREREERBEFAESEHNHERNEHREEE 4 - THRIRIEREE - EPA-108-
FA12-03-A093 - 20194 -
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HMHEE%E (Toxic Equivalency Factors, TEFs) for Dioxins,
Furans and Dioxin-like PCBs

TABLE 19.2 Toxic Equivalency Factors (TEFs) for Dioxins, Furans and Dioxin-like PCBs.

TEF
I-TEF Van den Berg et al. (1998) Van den Berg et al. (2006)
Human and
Congener Human Mammals Fish Bird Human and Mammals
PCDDs
2,3,7,8-TCDD 1 1 1 1 1
1,2,3,7,8-PeCDD 0.5 1 1 1 1
1,2,34,7,8-HxCDD 0.1 0.1 0.5 0.05 0.1
1,2,3,6,7,8-HxCDD 0.1 0.1 0.01 0.01 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1 0.01 0.1 0.1
1,2,34,6,7,8-HpCDD 0.1 0.01 0.001 <0.001 0.01
OctaCDD 0.001 0.0001 - - 0.0003
PCDFs
2,3,7,8-TCDF 0.1 0.1 0.05 1 0.1
1,2,3,7,8-PeCDF 0.05 0.05 0.05 0.1 0.03
2,3,4,7,8-PeCDF 0.5 0.5 0.5 1 0.3
1,2,34,7 8-HxCDF 0.1 0.1 0.1 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1 0.1 0.1 0.1
2,3,4,6,7,8-HxCDF 01 0.1 0.1 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01 0.01 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01 0.01 0.01 0.01

OctaCDF 0.001 0.0001 0.0001 0.0001 0.0003




AR ERIF IELLER

TABLE 19.1 Toxicity Level of Various Chemical Compounds

‘ {‘EE)J CF@“;’T"»@EF' ’ El [”i%% (Dlptherla TOXIﬂ) N (Prepared from Manahan, 1992)

WiEEEZE (Tetanus Toxin) MASBIREEE R LDy Estimated
(Botulinum Toxin A) W& RIETCDDEM Toxicity Level  Compounds iﬁi’;‘;ﬁﬁ‘}ﬁg’ﬁ)
E/\] 3 10,000$|:| 30,0001% ° Slightly toxic ~ Ethyl alcohol 10,000

¢ Seveso dioxinlIEHEBESZE (Mycotoxin) Sodium chloride 5,000

11015 « FRE MR/ HEEFH (Strychnine) 50 Moderately  Malathion L e
= (Curare) B5001Z - E&™ T (Nicotine) 8 o (mgd“(t“? P 500
1 ,0001%Z ° exterminator) h
‘ % EE SE EI/\] Ej_] tl:@ 'gi' ,%ﬁ_ﬁ E|£ ESZ §E E‘I‘ % (L D 50) IﬁlqE‘zCE: 7T( {-E K Very toxic Heptachlor (pesticide) 100
E 5/@\” Eit Ej] tl;@ E 7|;E % j( E(J 7:jE; E Extremely toxic Pa?rat.l"nion (pestidﬁde) 10
Q) H? %\I: (G u | Nea P|g) 06—2 1 “g/kg E% ?103‘*1[11(2427{8TTDD£ | j (hamster)
®@ <H (Rat) : 10-340 pg/kgke (pesticide, raticde)
©) Irﬁ iﬁ_l- ?@Li (Rh esus Mon key) - /0 M g/kg E% E Super toxic Tetrodotoxin 0.1
A E3 . Heh (toxin of blowfish)
@ E EEb(Ha mSter) ) 1’160_5’050 “g/kg A= Dioxin (2,3,7,8-TCDD) 0.0006 (guinea
pig)

Botulin (toxin of botulinum) 0.00001

SRR : https://www.umweltbundesamt.de/en/topics/chemicals/dioxins#textpart-3 £Z &1 : Bommanna G. Loganathan and Shigeki Masunaga,
"Chapter 19 - PCBs, Dioxins and Furans: Human Exposure and
Health Effects” , "Handbook of Toxicology of Chemical Warfare

Agents” (Second Edition), 2015, Pages 239-247.
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& BV ENSEME
- HRBINBERMIEASERNPZEZWN EVEESRBRARPERREFE -
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MIAREFZEBXEOREE  WABRBRERTTA -

& NETE
o« JRE IJ’E SHRGTWEERESIHT - MEFAKEELSV I LRt - A
HiREeNRERENETE600-650°CLULE - SRIDEERIZEFERREY
BEAREMRE ; 2 aEEE900- 1OOO°CEUiJZ'47§EH TS
« HRUBEEMBEERENRRERTE H 8K SMEAESLEY) - SORTEHRE -



3 G Mg SME m A3 5 AX

¢ %5 (Quenching) %5t :
AR EERCIHEIE ZRE - EIE TAERmERIERF2450-250°CEB L - IDRE
SEIFEHEXERNSIERR -
AMAERELSZEE/DPRIVNEGB A ERIFRE450°CER /A 2150°CLL N - OJBN
|3 1E%:JZ'“7$2$5Z
%Enx% ( ?ZD%ESE’EEE%%) Elﬂﬁﬁjt%ﬂ_%i_ offg i iJZWEEEABZﬁF (De Novo) Ff
= 2R - TBELCEH A EUE - EaEEdlAE ( KR200°CLLE) @ BIEEFE
SREER -

& T AHIHEE - SElEEBEB2XERNELEYE - MoEHCAREMRBEEREEFEFMEFEL

SR - EAPCDFRIIMEEE - AREASHYESHHIH -
EREEYEHEENEREFMEZRIR - p1ieY) - BtEBSEEeWET EE1E
B g - ECLEZAHC - BREENEREFEMEZRRNSBCIEFERIEFEE N E
Y8 - DUER| P B 2R R 48 Bl B SE A B AT RS -



B2 28 ) 55 ¥4 58 B 3F A AX “Z U vl 45

& NINEBYERZICRAP AR ITRIEEY) (Copper Nitride) - #2275
"REMRERE" - HEislEs EZEREZEECHEERE - FECuRVE
{EBE
& ~NFKZE (Urea, H,NCONH,) AIZ &z Cu+Ureafa &%) - BRIEEE(LEE
N EEENEEERRYERAETRe REEREREE -
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& NNt olE A& De Novos A R FEE M AN Hl By B 2R ERL - BANGIR IS
_TE

Mg EZNE(EE (Cl) B HCI - 515 EEINN R ENEE - &
mPREEEERIBRIBIER -
Cl, + so2 +H,0 — 2HCl + SO,
i ( CS,84S0, ) B R EFEZMNECEICUORIE - FHEEE
HCuSO, - FEEEEME -
CuO + SO, + %0, — CuSO,




A B & B3 E R = mil $3 l ECER

il B iR it
e EERKZREHET  REMEBNNARAEERMNEZRKE ( FERUE>90% BRI 2
AT A R - RIERARREY ) - 2 CESIFRAER -
mEBCEARBZREERASHEBH#ARPCDD/FsR/EKAE - DE/VDE
& A OE A + ZREFESKR) - BRX - BXRBAEKNE  BEIEEH
EERR pE—HEMERT ZESBYE - BRrRkzezH - RIFRZHEE

EERERAS - HIMRE - - % REAE AR GRZE -
BRIEERE - BAKIERZE -
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CFBC : coal-fired circulating fluidized bed combustion ; BACI : activated carbon injection system
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| 1
0
2HCI+ Hg' +.0, ——)HgC/2+H20: S

absorb 90%
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Hg" can be oxidized at
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the active sites on the
catalyst surface, which ~"_49 s y i e
: g g n . electron flow generated by corona
1s consistent with the 3 - - 3 5 TS . i
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mechanism.
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desulfurization devices

ERIHEE : Process Safety and Environmental Protection 150 (2021) 578-593
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Desired reactions

NO + MH + Y O;_J * N? + 3{..'2 H}:U [NOI rEleQTiﬂ'n]
Hg + 2 HCI + ¥2 O, — HgCl,; + H;0 (Hg oxidation)
NH, for DeNO, SCR catalyst s
s
ND:: — ND:-:.'I' NHH.- . | Nl_.l'l" H,D ~ g
Hg + HCI ' [ Hg + HCI i HgCl, E
B 3
;.
Undesired reactions c
HgCl; + NH; + 4 O, — Hg + 2HCIl + ¥2 N, + 12 H,0 {HgCl; reduction by NH,) E.«
c
HgCl; + SO; + H;0 — Hg + ZHCI + S04 (HgCl; reduction by S0O5)
SD;.' + ¥z U;.-' » SI:I:_J_ {S[:I.r ﬂ}iidﬂ'[i[:l[“l:l

ERAR : https://www.powermag.com/advanced-scr-catalysts-tune-oxidized-mercury-removal/ ;
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Employment of PAC coated filter

EHRZJE : Journal of Environmental Sciences (2019) 58-65

Nyg ~ 06.35%
Hg content in fly ash = 9,696.54 ng/g
conventional HF

N = 79.79%
Hg content in fly ash = 1,585.74 ng/g
New PAC coated HF

Hg removal efficiency increased to 79.79% from 66.35% and
Hg content in fly ash decreased to 1,585.74 ng/g from 9,696.54 ng/g
by employing the PAC coated filter in HF.
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NO, Storage and Reduction (NSR)
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Carbon Capture and Storage (CCS)

- EEZCCS

CCSR?’I‘@%E&?@EL@ HF -

2. d&nAm_Fbhix (Carbon) % (Capture) ~ E# K=
(Storage) = Xiitiz °

3. WIAREEMAAREEEM - WOHR - B - SHiak - KB
By~ EEM 1B LEEE B = {thix 77 B I R B FE 2K

4, BRIBFESHNHMEREESTF - DIRNEYPIRI (90248 ) 2

BAAR - PURRIFNEIKmF

5. #o]{F 2 E MR 85%-90% Mk HERY -

=

BERIERR: http://www.nepii.tw/KM/CCS/index.html



Carbon Capture and Storage (CCS)
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Fig. 1. Diagrammatic representation of the life-cycle chain of fossil fuel use. CO, separation and
capture at power plants enables storage of CO; in porous rocks deep below ground.

Reference: Haszeldine et al., 2009 (DOI: 10.1126/science.1172246) 65



Carbon capture and storage (CCS)
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1A 17CO,

100 km
A =2
sloping caprock
regional Fn l mobile COs g
groundwater

Tiow

Fig. 13 A schematic of CO. storage and trapping mechanisms.®°
Here extensive storage of tens of Mt of CO. per year from several
power stations and other industrial plants is considered. The COs- is
injected through an array of wells that penetrate deep in the
subsurface. The CO. and the associated pressure increase has a
footprint underground that may extend 100 km or more. The
effectiveness of long-term storage is controlled by limiting the
pressure increase to avoid fracturing of the rock that could lead to
leakage, and the interplay of trapping mechanisms at the small scale.
Capillary trapping (A: residual CO, in the pore space at the scale of
around 100 pm) and dissolution (B) are illustrated here. Capillary
trapping occurs at the trailing edge of the COx plume, where brine
displaces COa:. This limits the spread of COs in its own phase.
Dissolution occurs throughout the plume: the COs-saturated brine is
dense and sinks. Both processes prevent the escape of COs to the
surface.

ZERIFGE - Handford et al. 2014. (DOI:10.1039/c3ee42350f) 68
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6. ERHCaOFRIRIHATZER - HAEHREMIEER

KBNS - HRag: - B - BREE - BHRHER
X (44/56=0.786 g CO,/g CaO) *

. IBEIEERIRSER A AN EREEE - TZ2LUHENY
REAB(ERIRFIR - FEWE (Capture Efficiency,
Ecarb) FUE & & COER =P Ik M HIERILLER .

_ CoiER g - HTCO, &
carb COz }& ;[\’ ‘I*;

. CaO#{E= (Conversion, X) 214 ETRIFMEEN S —15

E (3)

1= RCaO& B (BB R IR CO.EMCaCOsHIELER

CaO#Ef}E — CaOHk
CaO#E ] 5

X =

_ CaCO/FY
CaO#Ef}

(4)

10. kM e ERERERNREET  RiteEEE—E
ZaBR N NERANE(EXR (oA EE
EF - XeaBliXae ) - HERIFA/NEEREIR
[EAREE -

11. EEEA”&BH”“J%“&'/’W)Efakﬁxl g - REBSARE

g /b - IR R iR =& M - BIEE&EAK
$f§1|:71ﬂ|3}\2—|:|3éz MERBRIENE(LERE
BRIE -

12. EEIEAﬁEZCOZEE%ZLECaOEETbZEE%Z’I‘E

ﬂ HIE o D S SN E = E oS 2HEN
& (Ecarb) EE{ER (X) ZE&RT :

FcaoX = Feoz Ecas (5)

HiFeoBCaOEANXBKRCIE ZB=

(mOszS) Feo Bl R COZE AT BE (L YE 2 58
£ (mol/m:s) -
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UK ST - Yo B BZ A 50

& Inf2iE (Alkanolamines, H,NOH) #E2ERHTE _SbiximEE L - HEESEE 4K - &
M~ =g - ZEBEBED—ROHE MEREEBE OB (MEA) ~ —4fER (MDEA) X
N-BBE _ ZB2k2 (N-Methyldiethanolamine) - {EEB& B N EPTR

, N
. 1/ I\-I ”I/I/ H / \”I//// Iy, / 1\\[”/////,, / 'R3
(a) (b) (©)

fghz 28780 (a)—#RAZ ~ (b) _#RAZ ~ () =#RiZ

BRI EAERRENCO,IRBURA/MEA - HEBEBERA - RIS S REKRIEERSE (Bui et al, 2014)
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UK ST - Yo B BZ A2 50 (

=

P H MEA AEEA PZ MDEA NaOH DETA
AR HO i Na*
(g/mol) NH: |40 NH, OH-
PR 61.08 104.15 86.14 119.16 40 89.14 103.17
(293 K)
(:g/cm3 )
4 g, 443 513 420 243 1390 438 207
®
P S 0.0085 | 0.00015 0.1066 0.0013 0.4 0.1347 0.02
(293 K)
(kPa)
P S 15.9 0.969 41.66
(393 K)
(kPa)
% fER 2 5% 14 wt% A A %A L%
(293 K)
E- S 7000 12100 53700 3.5 681 (Xiao 49740
i# % (298 | (Hikitaet | (Mamun | (Bishnoi | (Bishnoi and et al., (Hartono et
k) al., 1979) et al., and Rochelle, 2000) al., 2009)
(m*/kmol/s) 2007) | Rochelle, 2002)
2000)
PR 46.7 N/A 35 443 41.7
(Kj/mol) (Mandal (Cullinane | (Pani et al., (Alper,
et al., and 1997) 1990)
2001) Rochelle,
2004)
COr sz % 0.5 1.0 1.0 1.0 0.5 1.0 1.0
£ (mol
CO2/mol
absorbent)
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COz=2
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Exit Gas
(Richin N, & 0,)

Conderser

Reflux Drum

Lean/Rich
Heat Exchanger

Absorber
Stripper

Steam

Reboiler *]

> =
Cooled i _04
Flue Gas CO2-Rich

Amine Pump Lean
Amine Pump

Typical Amine Absorption Unit for CO, Recovery from Flue Gas
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« PRFAZEAEERINERER Eﬁﬁlﬂiﬂﬁl'ﬁ‘ hed K (RPB) #&E1TIRW - —{ERPB#EITHYE - H
HNZHNEFREEK (PB) EERAYRRE

« RUCRPZHEBETHRZZRIEIET - EE%%?ELWEIRPB 28CO,ZRmERIDRIEA
LEMERPB » IRWEEH AR NETTCO, 2 HE - 55 _ERPBH ORIKRIWURE A S =18
RPBEITHE - REZEMFERHGS  RRERKEWEZRERS50°C - RMR=EL6200 -
BEE]2 atm ~ BERE120°C -~ B3£1,200 rpm -

BN # BEZS
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« Metal Organic Framework (MOF)
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AN FER (ASCO,FRRREER - a - REZEMIEES )  CO W& : HERIl
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IR (2 FERRCIERIRIIR )

o AR IR o S5 13 TR AT

SN T/RBESIE ( OER T KB TER )

HIFEE

S yER Ity s

HREL

LIRECO,/N,7EER (HINER65) - CO,ZFEE ( @mR10° mol/m2/s/pa) » KIFEM

7K ( EH$68FE £$48/ton CO, - #iTMEA$36-60/ton CO, )

2= BIEERAREARE DR EREN A

3. EREHEEMEMFINARAERE - XRRFHERIEAEE (SO, H,S, NH;, H,0, Fly Ash) %2
£ 27 HEER
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