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Since the industrial revolution of the 18th century, people have made significant
progress in product manufacturing. Various chemicals are added to the manufacturing
process to improve performances, such as mercury in fluorescent lamps, various heavy

metals in wafer processes, which generates many wastes containing chemicals. United
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Nations-owned organizations have begun for the management of chemical substances.
Many international environmental protection conventions have been assigned, such as
the Stockholm Convention, the Basel Convention, the Rotterdam Convention, the
Minamata Convention on Mercury, etc. Most countries have signed into parties to the
conventions. As a member of the international community, Taiwan should still take our
international environmental protection responsibilities. Taiwan is not a party to many
international environmental conventions and is not familiar with the core spirit and
promotion methods of various environmental protection conventions. If Taiwan can
cooperate with the party countries through international exchanges, Taiwan can learn
the regulations, policies and experiences of the International Environmental Protection
Convention, and can establish the communication channels and platforms with party
countries. It will help to improve the management of chemical substances between
Taiwan's interdepartmental. International exchange can strengthen the effectiveness of
chemical substances management in Taiwan.

This project refers to international exchange implementation strategy and practice
of Japan International Cooperation Agency (JICA) and the Commission's
Directorate-General for International Cooperation and Development (DG DEVCO),
investigates the current situation of international exchange of chemicals management in
Taiwan, and draws up the short, medium and long-term international exchange
programs. In the short-term plan, we plan to conduct two-way cooperation with Japan
on expert exchange and resource sharing, and learn from the experience of chemicals
management in Japan to improve our own systems. In the medium-term plan, we plan to
establish an environmental capital with a circular social characteristic and carry out
multilateral cooperation with countries in the new southward policy to assist Southeast

Asian countries in the establishment of chemicals management and monitoring systems.



Through expert exchange, experience and information sharing could help establish

regional chain cooperation in the Asia Pacific region. In the long-term plan, the plan
will promote our environmental capital to the whole world to enhance Taiwan's
international reputation, and assist the global undeveloped countries or developing
countries to establish chemicals management and monitoring systems, and through
expert exchange, experience and information sharing and other exchange practices to
achieve global regional chain cooperation. In the aspect of inter-ministerial cooperation
in Taiwan, we have six related sectors, including environmental protection, agricultural
administration, health, economic, finance and labor, Labor's Occupational Safety and
Health Administration, work together to develop mercury sphygmomanometers. The
establishment of mercury material flow systems and the monitoring of information
sharing across the sectors are in order to enhance Taiwan's chemical substance

management.
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Since the industrial revolution of the 18th century, people have made
significant progress in product manufacturing. Various chemicals are added to
the manufacturing process to improve performances, such as mercury in
fluorescent lamps, various heavy metals in wafer processes, which generates
many wastes containing chemicals. United Nations-owned organizations have
begun for the management of chemical substances. Many international
environmental protection conventions have been assigned, such as the
Stockholm Convention, the Basel Convention, the Rotterdam Convention, the
Minamata Convention on Mercury, etc. Most countries have signed into parties
to the conventions. As a member of the international community, Taiwan should
still take our international environmental protection responsibilities. Taiwan is
not a party to many international environmental conventions and is not familiar
with the core spirit and promotion methods of various environmental protection
conventions. If Taiwan can cooperate with the party countries through
international exchanges, Taiwan can learn the regulations, policies and
experiences of the International Environmental Protection Convention, and can
establish the communication channels and platforms with party countries. It will
help to improve the management of chemical substances between Taiwan's
interdepartmental. International exchange can strengthen the effectiveness of
chemical substances management in Taiwan.

This project refers to international exchange implementation strategy and

practice of Japan International Cooperation Agency (JICA) and the
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Commission's  Directorate-General for International Cooperation and
Development (DG DEVCO), investigates the current situation of international
exchange of chemicals management in Taiwan, and draws up the short, medium
and long-term international exchange programs. In the short-term plan, we plan
to conduct two-way cooperation with Japan on expert exchange and resource
sharing, and learn from the experience of chemicals management in Japan to
improve our own systems. In the medium-term plan, we plan to establish an
environmental capital with a circular social characteristic and carry out
multilateral cooperation with countries in the new southward policy to assist
Southeast Asian countries in the establishment of chemicals management and
monitoring systems. Through expert exchange, experience and information
sharing could help establish regional chain cooperation in the Asia Pacific
region. In the long-term plan, the plan will promote our environmental capital to
the whole world to enhance Taiwan's international reputation, and assist the
global undeveloped countries or developing countries to establish chemicals
management and monitoring systems, and through expert exchange, experience
and information sharing and other exchange practices to achieve global regional
chain cooperation. In the aspect of inter-ministerial cooperation in Taiwan, we
have six related sectors, including environmental protection, agricultural
administration, health, economic, finance and labor, Labor's Occupational Safety
and Health Administration, work together to develop mercury
sphygmomanometers. The establishment of mercury material flow systems and
the monitoring of information sharing across the sectors are in order to enhance

Taiwan's chemical substance management.
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BN RS ETE]
BB TR S {E I H
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IR E 1 ZE=1Y(Globally Harmonized System of Classification and Labelling of
Chemicals, GHS)EHE( LA £ © 3% 4805 GR.EA.T. » (LT SEAY T & EIFTRIF]
BRI J7 T DR i@ S FIRIPE 5 B RIS AT ERATEESC - 36 522 1HRH
FAI— AR P U AR s B R - AR FERE S RS E O
o B 2014 1 H - DU 11 {ERk B EEESC-EREEAR]EE - &F] -~ i - FJE -
HA ~ RegERE] ~ FB2kpEnr ~ JEEE - AREENT - A R ZA0-DL 34 TEEE SR At
TRZAEE EAY BRI AR - BCER B EIDL 23 FERE SR AL TR

F=01 - BEEHNESERE

R EBIEEE - HWHRIVERIFER - BRiCEE T ZEPRR » &EEER
Z BiE - 2% byt WHO K APEC ZAHRBATEH(E Ry - REIEEBISE & T > 7%
EEIPRZ ETRHE] - RetBATRERES G ZBEMT - REEBERTRZ
BEIEIRMAIE R E mE R - B REIMEE 2 B g aFE - BIDRWE
MBI RS g R E IR - DUR D BIR T 2 oRI55% » MR IR fEE
PR ERE -
— > REBHEEE

BEPEIEGFIE S ERTERE - BT ERE - B4 TERE - 8K
TEWE - MBI E - e L 2 EFE R ETEHE - NYREHER
F 7S (E £ TR ZE R (R PR AE -
(—) BREEWRE —TBEEREREE

REER R BT AR ~ &R Em BRI R Ry E R - BlR
BRI HERORERES T E SAHRAE HIFE - BN ERE fh 2 7R & B IR R Z5 R
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VIR ~ WA e oIk e B AT AR e+ B ER Y B E PR A R 2 BRI NS > DU P B B[]
ZeEHZE > HHEREFSE & & {F 2 3

BT BEE - BSOS 0 R T EEEYETA ) BEL SR ¢

1~ &REPDEIR ~ sz A nEt 2 EH - RS - A CEER TR - &
R~ B Van s S Es - BRI ~ BPR - B E AT B EN - B
IR E S REZ AL ~ T F ~ bR - RBEER S T BB AR
R PR T S B iARAE | B T RS IR [m S s PRI L R R a5 A
BENUE > B SR SR (AIEZEEA S KERERET ) > #EFHLL T 2 ER
WIS ~ A~ NE -~ B TR SRR EL -

2~ BTREEEY AR (R T A ERREEYERE o BEEZITRER
HFRRI TR BRI A S N RBEEYE - AT SRR - EE]
EERBEY) B AR A HREE > Hak ey (k) R 0.2

mg/L

3~ EmIRIMEERGEL TR E R - HAR RS A WE MR (R S A

H 85 FeijEE LI E B A k) ~ BERRE - B DA ~ Bk ~ Fut - SROKEEER

BlEAFEAZK RS BB 2 ppm © SS¥Hy AR (7R 2 m > RIFRHEE

mokZ a0 W PR RSAEEM ok S B E =0.25 mg/kg ~ fOREMFOREE

JEAE 0.25 ppm BLF -

() BBEEHRE - TBRREZES
FREVEEA TP ER I AMOKERA(Organic mercury) 2450 EE ~ A ~ I »

PR MEHET R - Widg TREE ) TEAELEEE T ERERE ) F

AR R R E o K - R e e - BN L - DIEAE

I

YIEI5H ©
(Z) HETEME —HEENE
& " BT eEEEEE ) R U@ A BRG], TR -
Bl ZE  EwlenfaZE tB2VERHEERY IS ARLEFEY
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HEEM LY E B PR B T

JRPRTERE » ST R RS S BT T R am b Z REFRAE > DB E T
FHEXKBAEEE > INET TR Z iR o TEE R PSR > STRRZIR
B WNGR EHRELINE - BRNRRIGETE > AR /KRE T aERp -
g T EERIL ) AR E ARG ECET T - MBS - I ABORE - B AHR
F7K 7 (dental amalgam) ~ 7KER ~ ZK7% & 42(amalgam alloy) S EHR a1 > JRAKE R
TEWMBERECKR - HEERUARN G R (B RIS K #i(good manufacturing
practice, GMP) ~ 4515 8LE Sl AN E - (bt mERR R EEPY R bt an 28
IEEER RSy - St EfE s EUE R b o N AR M N ZR - Al FaE
EDERR > B EEHMEZERER > Sl EHESELTREe MIYESEZ
TR EA TR 1 ppm f TSN E R EER Y 2 itk e ERASE R
EREREHIAN -
(PU) £ F et — SRR

i T ERAT SO T IREEEEE T " AA ) T Bl AEE
% T B E A, K T EaiREL ) BE > HEETT AT AT
1~ K TEEA SRS T IREEEEL | B RO TTAERE A
Py amE R U R i - B2 IR 2 SR TR
2 - REELEEHRE CGRRE  BAEMNSRTEGREEZEGE) Keuf
sTAERH B AKUE - WHARBHHRIRIEAS - SUBHBIRE 5 mEMKE "2 5
% TEGERTHA T Eaim AVEENE ) T EadmEENE TP ER
B A B BER ) T IR A S ORI B B A Bk, R TIR
wlEH S R A Bk ) MERNARK K ERYE Z i
TR fe Fgm A -
3~ HArdA A E e s B8 1A i ok & EAH R EI 505 4E(National Standards of
the Republic of China, CNS) » {R[EHEZ M s

4 R T EEREE o NEINAESCE S ER A S Bk EH (AR %)
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VIR ~ WA e oIk e B AT AR e+ B ER Y B E PR A R 2 BRI NS > DU P B B[]
ZeEHZE > HHEREFSE & & {F 2 3

543 2 R R AL 6 S R M R R 1 1 5 255 | VRSB
B - (7SR AEBABR D - ISR SRR S AL E 2 -
(7)) MBHE—W5E

i ORI A O SR AR | IS EE CRRE - W4
I RATBIRERE A GS) B CIRYIRTER « SRR BRI
-
() BUH— MR ELE

SIHME LM EBNRE S TSI AT REE | HE - T
Pl /N ] S 25 2P 8 (Permissible exposure limit-time weighted average,
PEL-TWA)RZERBEALEYIE 0.05 mgt » FAHIEEIE 0.01 mgm? > D

7 LIk -

=~ BB H AR Z AR R 7R E WU EER

H AR E BB & BZR KR ASIMBE ZRUE - R Z IR « S7KEmD
[T SR T B A BRI R - U EE4H M4 -

RIE " B EREYEEEE ) HUE - RECARERVEILEFBEHELS
EFIMER - MEIRIRE T HMLEYEET T EHE R4 SistEr - HAlBWkR 17
Ak (—) W5t~ 3 - #F - (2) BRI RREILER 23S - (=) B
Y& reEeks 2 BE ~ (MU) Jae (BUEZZRUND) ~ ik k88 ~ (1) BEHSE
B SRR RS - R EWEAMA 20K - BRSO UeERER Y T8
fRE s Ah o A S R T ELE  B ARINERT AR ) K 3 R TITE  BERIEE
e

et 2010-2017 FRIPRHHEFE R > BINR ZBUEE R AE4Y 0.95-4.2 1%

W/ > (EHIELY 1.18-5.65 AW/ > ZEMTENFE ~ 5B - #8 HiR kBB IIHIBLR
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HEEMLEYE

EEZ.BT)Q/

BT

AatbE T <SS - BINTERETE A S K 2 EA R B AR /s -

2/~ IEIPETT 2010-2014 FEoRHHFEIE R (BLALAE)

( @fﬁfﬁ ) BUEE AR fEE i E EHE
2010 0.44 0.51 0.98 0.006 5.65
2011 0.63 2.10 1.16 0.015 2.82
2012 1.72 1.85 2.27 0.014 2.20
2013 4.18 0.015 1.80 0.006 2.10
2014 1.17 1.68 0.71 1.49 2.04
2015 0.98 0.018 0.16 0.000201 1.27
2016 0.38 0.029 0.14 1.035 1.18
2017 0.48 0.013 1.63 0 1.60

(ERAR - ST EERKRALHEERTE (2018 SFETARO))

[ A SR A 4T

Y (REEES

TSR > P T E B 53 AR B R
iat 2008-2017 LN Y &R EE fnBE Rz R e J8E HR B E R AT A RIS e A -
Jrz Bl B4 3,150-5,432 /NI - BEEREEIR BT ESY 4,318-7,112 AN » A0%

JUFTR » AR ERFENGRERER - DU D EERIRIGE - WERIERA S
Mz HEE -

F I~ BN E R fn BRI K B IR B RAT R AU R (CBRAL A )
R AU EID ey JEEHEHH YR (B =
2008 5,432 5,121
2009 4,011 4,657
2010 3,378 5,037
2011 3,150 5,166
2012 4,804 7,112
2013 4,269 5,349
2014 3,430 5114
2015 3,775 5028
2016 3,500 4,642
2017 3,337 4,318
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VIR ~ WA e oIk e B AT AR e+ B ER Y B E PR A R 2 BRI NS > DU P B B[]
ZeEHZE > HHEREFSE & & {F 2 3
(ERAOR - THEBERKGRALERIETE (2018 FE5ThR))

= EEHEEERE | MEESTERE

BN S RIMBR R (E ] A% e 2 5 > MRIBBIERK AL ZFHUE
SR MRS MEMLEE (R BUGBE - B H AT 75 s £ S BN & oK [BRE
REabis2 T - EALRE T EHaRIMB T - MR RS & & 1F 2%
% RRasRmBRET Z A » DERTRKEANZME - Rk R A1
FIESER T e (Re B L EIART T > ST > A =+ =For -

(—) BEREKZH&RMBEHEWETIR « AR e aER8h x
HTE KM ZHE - [N TEGSREGEE - HRTTBbRE R E Lt
5 BURIRIE S it 7 R TR - WA — A H R BRI e R PR 2R MR T -

(=) K aRMmBEETEWEETHIR ¢ ST BUFTRgET 2 h &R 2
BE - [HEHNTTHBEREREE - HHSHM T RFRET R - W —KHE
HgrG KPR E oK EEST -
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HEE LY E B RO SR AT S

H T EROREAAL (BRTTEEAL )

S ER R

(EREE)

@ (=] PRs B

IRIRE

"
IR Wf:%; A
DS
B == RIS & R S i & FIE
(ERAOR - AsHEEERETEH)

0 BEE SRR | BRI

BAERITRIVEE O B~ SR e B R DU &R 7 MR R R
HBEHE 1T VBT 2R Y 20405 + MBS S AP ABT » BRI S
Tt - SRS TR R - & & (A = DT -
(—) WEGH-BIFE | ST O R
(=) EBHH : IR SRR
(2) BHRE TR AL TR R &R A,
(D) TR — RS P MU BB FA e ENSELT L &R o
(TR - Y ELEIR B R TR R

af
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SEVUEE « AR e il S AT R AH Gk 1 L B2 B AN B B NN A - DU R S R R M|

Gy

&

o

MBEREE
HECIPEES

ZeEHZE > PHEREFSE & S {F 2 3

ey

ol

<

HRSHBEE
H TP R

ANE PR

B

P PR E

[ DU~ ARV R E R E A A o L

(BRI « AaTEERE TEE)
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HEEM LY E B PR B T

- ERESERE | AR
ERORZTY 2006 > EEAR LIS B BRI K AR 2 22 SR B w5tk 4 R EEAR
LR FEIR B BB HITE - ARIR S MBS R RS R E A S - DU FE
EERARRACEAGE R 2 I - H 2006 F 4 H % 2012 fF 4 AREHERET -
(5 BETT £ (Gascous clemental mercury, GEM)SEESFERE £ 1.74 ng/m® ; SEE— (H5F
(Reactive gaseous mercury, RGM)ZEERE B 15.01 pg/m’ ; Bk AE 5% (Particulate
mercury, PHg) FEERE B 2.19 pg/m? > A EIBEARLL KRR T ELRAER(GEM) BT
I 99% » BRARTR T ET R AR BR HA M E R FAHMEAEE - DUREARLLIE B
M BEHISEM S - BRI GEM RS - & ki R HRIOR » R KRR
TSR ST REARARM - B RE - KRG REmARRE K
RREE RS BOEIEREE A RR TRES = g K R B2 LS -
FHAE BN A GEMNEIR R4 TEEE - BRI AR - BIEERIR R
Fefla S E - BERULIHIEE B BTE 00 A S B K R 526 (National  Atmospheric
Deposition Program, NADP)Y A 5@ K B2 HI4E(Atmospheric Mercury Net, AMNet) » £
SHRIRARFRENEGE TR R B RS FE - TRl RIRRI5RE
TRERRE  ZEEERBAFORCRE S NADP $He BB /S BT
ERERIE HRTEA 2 (E B R4 4% 408X 5 Genetically modified organisms, GMOS )
PRAFRESER T oA IELEE > FRIEIE L i LBt RO R [0 - FRElRHE
R HE B B A I TR B IS PR (I 218 IR A VR > R 4 B B o B o A AT
BEMIGE RO RACHR » #EE RN E T RS » NI ERI & 1F - RAERE
LB 2 KB » BRI LR - 1 H B R B se T B R TR SRR
BOHI 24 FERE SRR S - B HE R BRI - FEILE BBk K
FoRER  DERSICREN B -
NS G &R 2 DIEPERK AL RYVE Rl - TRA[EE &
HWEENCRENLE » EEHgs T TR - SHgEiZEnE =+ 7AT

5ﬁ

T
Et

+



SEVUEE « AR e il S AT R AH Gk 1 L B2 B AN B B NN A - DU R S R R M|

ZeEHZE > PHEREFSE & S {F 2 3

(—) RRE EREHE - W /A SEERER - PR~ BERZHLT -
(=) BEG: WHEED  KES - iEREE -

(=) GrEEFE - iR H 7R 7S (dental amalgam) ~ 7K3R ~ SR 75 & < (amalgam

alloy) FEEHFRaM ~ (BMEhn ~ thEeh P S8 RMSoR =8 -

(U)  &KES - mantels g Sl -
(7))  BE-REEE © K a7RYE 2 Sanf i AV -

Mo\ IR AP REA

SEEEL D

&
=

TR

< BT

- Bk

TR B S

% -
4@-@
V:Q}ng
&

[Ei]

E T BSEHEERLE
(FORAOR  AHEERATHR)
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HEEM LY E B PR B T

FAE - PR EE R

B PR P P i R B A B P B 2 R4S » BRSSOV A IR R AR -
BESh > PREIREAORAERE T > TR EAER BIRAG - AT EHUE BRSO SRR
Fe K BPEAG AR SRR » Sy plERAa T -

BlE v B A DEEE e S b Y e e W VAN il 1 B NS ¥ 4 1
[ 4fE —+ 7 AR o

(—) BEAUEE T EiesE

HEY S AL BB E SR S B B ST E S o0 - HNEER

SEENRE - THETERTIG ] - URE S 2B BRI B
(Z) SHEFRXK -

FAMCER R AL - AR > S IS EhE 2 MR PEEL A1 T - )
BB - PTEBEMCE BRSSO BIET 7] - AR AR RIS SN B
T HREZEBR o ATEEGE MRS B RS SEEE R ©

(Z) FHREBFX:
ML Z BB AR SHERR - DERERESORE S8R -
() FBEETRER:
HZBEAER " RSSO HHEE -
(F1) FEHER -
FAZ BB FR SRR FRTTEBES M B0 A2 BRI -
(73) BRFE3TRUSEED -

B B H A B SR E B R SRS T T R S TR R B R S >

NETTHEGFETEEY > HERREHINE -
(£) =T
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L RO S8 B ESEAR

ARUEENR - FEEEAL " BRSO SBIACERER ) 0 RSNSOI EE TR R -
(V) sk :

BRI BB E H O TSGR BIFE S FE TR EHER
DUtE Ry B AR H T2 A5 A R (& AR PR AR R
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HEEM LY E B PR B T

B A U E Bt R T
v

v

. P A A
TAZE BB N ‘
B OHE: SEBIER « HhEL  EEINA - SIESRIEE
ST I B b =Rt
A V
A ¢ LR RN A T BV AL = )
A

X

A 4

[FTTBUSE S M as B PR A AU S B

L 4
A EE N SR EE
A0 AR FH AN 0 R P 4 48k =] 5 2
v

%I
v

AT T B Y MR EA L B P A A S B 7 B

A 4

NNE a2 7 )

B AR BT

BRSBTS

TS

I AN S £ i B S S R T e ]
(FORAUR  AHEERATHE)
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L RO S8 B ESEAR

= - B EBEREERRE

SR 2009 45 T AETER T FEH > B G EELZEIIR (g AF1H
AR AP A ] 1SR o RS R S S AR 1Y U7 SO B S Y S
&~ E s E bR -

REHCE SRR - (GBI R > RV EE R R AT - B LRI
HED T > AT > IREER R SR PR M e - R LUK B A B S B PR e ek
BEE . NBREEN - IRV - SACRTERRAYIL I R an i - AT [
B RS2 BN - AR S EIR L o BB RSO B ERE - i
FEEBERAEHEY] > AMASEZ RARETE - SUE ~ FEUSRIARE - i8R
AVEEE ERYER > Bl EASRE R - Bl REtEE N Em AL
RS EAVIREE T - B EEE R AR AU R BRI - HEE
HISHEREA - B - R RETEAEE - e - RBATSEE - BskE
MG MBI EBI G R > R R -

g OE BB S
EEEE (BAKEE) — BERETEE (BX)
HE KB 8E FHAGa M
ShEd 181 — Ra4IETEE
ERETE R
International Etiquette
AR — [EESE
R — SA3 8 (BUT)
PN — ERFUS e (B - K)

[ -t~ BIPRG RS s
(BRI - SHABITE R, STralE, 2014)
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HEEM LY E B PR B T

BIRSHE BEE R E S B = (EHSY 5 BT RS R R
e E B - AT+ ERREAE /T -
(—) BAMBEE : GTEBHAPIAASE  EEORA - % (£ (T

2’:\‘\292/“’7‘
B oRsF e

—

(D) EfERBEE  LARAERR  REFEREE  TE /IR BRiE -
RS ~ R~ BIBRSCRUS BN -

(=) EEEMRE | fiRAHEREE®R - NS eRS Viga =R &
AR > EEEGEN HEE > E5 BRI 5580 SUb - ek - RS -
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FHhE ~ BHERESOMHR S 2 e R

EZABET

& —/\ ~ Bl G R
(BRAOR - ASTEEZRETTER)
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HEEM LY E B PR B T

FENE M ERYE EEBER AR Z RIS SR A B Z it
B

IS ORE ALSEYEEE N2 BB - RAEERTEaE KRR
FEEE - ST ERET - TR TR EH b2 E e e b & b oot > H
@2 FIRE - TR RE BB R - e R bR S R
VrE b el 2 BEERE ST DA BA LS R I g b e

FoFRE PR T b P A SRRE RS AR B IRER (SR 720 > 2 107 42 11 H 2 Hf
HATHTE G > Bas AR ESEREIH AR - B e st s dl e
HHREW H IR HEEN LY E BB 2 BSOS S A Filhss - IR EIE A 40fE —
JUATR -

ARRUTE G 2 N A ERE B S8R s B H AR B g Bk
PR EFHARYE R T8 st E - H AR - e MBRgaIel S Ar s
Bt~ TRESBEF S - KBRS AL 2004-2008 SIS HIKAF T E » &
= PR BRI SRR b S ATERIE - PEEREETBH S DR R B R BRI - HEERAE
MERRBCREAVE 3R - SRRy SRR A AR R b o el - 155N > RBROK
ERELE R F A R L R PR b o i B S B B A S B L ERAE -

F 0y LA ALY E W e il 5 E il - S A C Y E B AR 2 JE
5 K BTt 772 1973 52 H A LB B e A s ol 22 R A B B2 Sy 7B
{EREEFRE - 1999 FEHARIDSAYHHIER SR - SN ABRBENSE
b b T AL - AT LB TR -
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7 (LY B A S B TR

Capacity building of risk analysis
it )., In Japan

N program in .,
lapanese S Risk Analysis

In more comprehensive way,
Expression of excess risk:
rmediate term between source and risk

What is the structure of risk
nanager certificate in SRA Japan?

Cettificate education Bl education Program®
Program. for risk manager

nsump-

exposure analysis hazard
assessment

B R E RS e g A
(ERIRIE Azt
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HEEN LY E 7 BRSO B S T e

B RS ALY B E H 2 B B Rfe e b2 E B L BPRAR
DI i B P CER P B 2 R > A 107 4 12 B 7 B AR S - B
TTHE RS CREZ RN - BUTIRR AR SRR hRgEE - T2 E
RIROR AR &8s - DURCEIGE & IURHROR SR IR TAR BV E BT ST A £ 120 B
IR 7 FZPBIESOR Z HEBNELRR - BARESS H iR #EB LB B 2 R
AFUEBTA T » RS E IR AE =R -

INATHE G B AR E-E - EE—RIREEELH SR A28 24K
B > réa H R EE R 2 Bl & B BER (R A GYFTAEER 2 B0 - TSR HH L

NaB @ ol Z A - SN 2D BRI AN Sk & ST
ZIHST > FREERSE T PR AR B 4H A e U A% (B iR BIRRS
BV > GeE RN AUSHFERER - IMFEST S AT PRI > 40« BFR
NEERLEE S IR B E R TR NS - AVEgEEELEHS
S EHIBIFEAOMALER - T Bt IR E A R -

RE R AT FBH R F AR oy FALR AR AT PR AR 2 HEEDEA R - JERER
BRI E S T ERE - AETRREM R S TSOREE) - & © HAIEI LN
REE ~ BEARER © ERFr E B RHSORER © SRR e R ¢ B ITRER
o Hor BTEEN R B R E P RS R B R SR s Al e R g e T 2 AL > IESPA
FT&EE 3 H e 9 HiRE & HE Mz ash - BRGNS A0 > JRA]
TS b T Y EIE A AR - BURFBEACE L B ZAETEIFR SR » nliE e
S TP AR B (B A B BRSO E A
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FNE ALY EE B NSO 2 RIS R B A R 2 b &

1E50 49 38 S IR RIPR 20 493550 2 B8

& =1 ~ (L E BRSO g B A
(ERAR © st EE B )
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HEEM LY E B PR B T

FEE - BEUEEERIECEA SR
Ry GERIPEATRUEEN 2 MBI EZE T2 - M e i T TR PR SRS B
A PGB PG T A AR S e Bl 1Y 107 48 10 H 24 HE AR E g -
B /MCENIR R > o EARERE B R ORUEE) 2 &858 - DUBERIMCENIRE 3
i M T BRI ATRU S B < B AG EERR e - HHRE Y H iR HEE LYV E B B 2 BPRAC
SUGEIA B o R SENE R AR = —F
NARFEE G BMATE » TE—LOMCE SIS TG B R 2 A
BN 5B 23 JE%EYY A& (United Nations Framework Convention on Climate
Change Congress of Parties 23, UNFCCC COP23)ZZ &{5 » 1145 E Fi & EhmEiE > 5
JU 0 METTRIE T ~ BEARREIR AR
N&EIE @ =Bl ] > #57 UNFCCC COP23 Wi fiE ¢ (R T NG 2
4 - R IR T DI EBUR AR 22 B B 0 2 BLUR & H IS TE B (U0 e 5 (7 81
FEEE)E T 0 IIRBE R TS0  ILARTET A (40 ¢ B 2017 AR5
(AP EfEER 2 A E & ~ ¥R [ B R 5 F R /N i E & BL UNFCCC NGO
Forum SR & ) F1EE - DUERUIERDE -
RIS G TR M 2 TR THFEREL T 04T - B 2B IE S ~ =R (%
Sl EFERES B W LI EFEERF RIS o (85~ 5985 - HEMEE ) -
LIRS 8 GG > P IEBUFHE « o BUF Bt T B SO E Eih = - B RIR
HRTAE - BEEEAREBEN R - - 8O RE - R =730 A8
2 DISREARLES IS F o BORACES - nI B ~ 3B % R BIIETR
BUF BT SISO - WRHELCEBUN S 2 BlEIE &k - 220 F R
SR EE A2 EE RS -
R RN BB PR S S B BRGNS - B B [ Y S A B
o FESENEREREY] - AMASEZ RERE - b~ SS2USWEYARE -
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FE ~ BERORUEEh B ERAG A 0 L

A EE AR Rl R R EA SR E B - BPR G EEE ET
4 ERSHRBEREREE T > BIRGEREMMRAE B RAEHIRE - B
SEEBHERA > B B RETEAGE - 10 - RISLTEEE - i
& S E R R EIESOUE g G -

AXFEEG DB A GEEREGERT - BTN - BRCERERNE
HERE - SEARER IS BERSECUEARTER > 80 AR R R
RIS BRI N AT Ry > BRI~ PR - DGR et - IR
GEEAMHEROREAGEE T LR RS B - BERORAEAR G - fife
IR ER—TEfT R REE - IR GRS UL - ME—{E RRA UK
HIVVE SIS VLT - HRE B ARGRHIRIRIIRE - fErts0EEh S > AFTATEL

iR AR — AL~ EE > BB AT R AR OB SRR
K~ B HRHVE SRR - DESE SA s -
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HEE LY E B RO SR AT S

a— -~
50 " S B SOORMEIRES . 1)
175 AWM (UNFCCC COP23) 5=

e =—+— -~ BfESESE g aEER A
(BRI © AstE D)

96



F\FE -~ EREEAR R

FN\E - BEEIEMER

1956 FHIKERRE H AR AR OK G T ERATERAEBREE - 18 SRS
EsaERTE > MLERAE HAR T T REANVERE R R B R - WS B BRI EI% (Un
ited Nat ions Environment Programme, UNEP)#& AR ] /E K R T /F B IESERL » IR
AR BE AR R AL » RIS L ST AR R T A B -
NSRRI A AR B A 2 IR E R 7K 45249 (Minamata Convention on
Mercury) » AKJELA 2017 4 8 H 16 HAR > BARERE HERI— 0 78) » RAHEE
B ETRICRIFIERAIGEFE - SR 5 T RS B B BRI - FRECRBEI -

TRIKGAKIRSCILA 35 iR 5 (BT - 4888 B U2 fne NSEIRETRIERIR 2
REHEALEY N R 2 8 SRS RERN T8 » £ R TEEHE
FEROLIEBIRE 5 ~ AoR AL ~ FIREUR - SREFIELRN - SRIVESZ (LG - &R
EEY) S5 A -

BRE TR G ANERIEIE - EECE T IITIHGBERAKEALIHENETE
(2016 4 6 H 27 HEATBILE ) » WAOTESE B/ NE - B \psEi g 1

SEEIR B BB TR 2RISR RER R R R R R B IR

1 4

s A SRR E 2RISR ANE OKER) » HASRBIER KRBT
aTE 0 IS O ARHIBCRITAAVEITR - (TR (a8 B KA RS AR R AT
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2012 Atmospheric Mercury Monitoring Workshop Agenda
Date onda ep 0 0
Start | End Topic Speaker/Presentation title
Registration
09:00 | 09:30
(B1 RoomB102, No.127, Yanping South Rd. Zhongzheng Dist., Taipei City )
Opening Remarks by EPAT Honorable Stephen Shen, Minister,
(B1 RoomB102, No.127, Yanping South Rd.|Environmental Protection Administration,
09:30 | 10:00 | Zhongzheng Dist., Taipei City ) Taiwan, R.O.C.
Special Remarks by AIT Mr. Brent Christensen, Acting Director,
American Institute in Taiwan
Group Photo
10:00 | 10:10
(B1 RoomB102, No.127, Yanping South Rd. Zhongzheng Dist., Taipei City )
o Coffee Break
5 10:
(4th Floor Room 402, Taiwan EPA Building)
Atmospheric Mercury Monitoring Mr. Chien-Te Lee, Deputy Director,
Workshop Opening Remark Department of Environmental Monitoring
Hia0] 1040 @" Floor Meeting Room 405, Taiwan EPA|and Information Management, EPA Taiwan
Building)
Group Introductions ® Global Mercury Review and the
Session I: Advantage of Monitoring
Background Information David Gay
Session Host: Kai Hsien Chi ® Linking Monitoring and Policy
10:40|12:00( . } ‘ )
(4" Floor Meeting Room 405, Taiwan EPA David Schmeltz
Sardingy ® Atmospheric Mercury Measurement
Methods, Speciation and Discoveries
Eric Prestbo
Lunch
12:00 | 13:00
4" Floor Meeting Room 405, Taiwan EPA Building)
Session II: ® Mercury Emission, Speciation and
Monitoring Activities in Asia Distribution of Utility Boilers in Taiwan
Session Host: Guey-Rong Sheu Burning Bituminous and Subbituminous
. Coal Blends
13:00 | 15:00|“ Floor Meeting Room 405, Taiwan EPA : X
Building) Hsing-Cheng Hsi
® Introduction to Lulin Atmospheric
Background Station in Taiwan
Wei-Li Chiang
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2012 Atmospheric Mercury Monitoring Workshop Agenda

Start | End Topic Speaker/Presentation title
13:00 | 15:00 | Session II: (Continued) ® Export of Atmospheric Mercury from East
Monitoring Activities in Asia and Southeast Asia Observed in Taiwan
Session Host: Guey-Rong Sheu Guey-Rong Sheu
@™ Floor Meeting Room 405, Taiwan EPA|® Monitoring activities by NIMD and other
Building) organization in Japan
Kohji Marumoto
® Monitoring of Ambient Hg in Urban
Locations of Korea and Its Emissions from
Various Man-made Sources
Ki-Hyun Kim
® Air Quality Monitoring in Vietnam
Hoang Duong Tung or Nguyen Thi Nguyet Anh
15:00 | 15:15 Coffee Break
(4th Floor Room 402, Taiwan EPA Building)
15:15 | 16:35 | Session II: (Continued) ® Air Quality and Acid Deposition Monitoring
Monitoring Activities in Asia in Thailand
Session Host: Chu-Ching Lin Hathairatana Garivait
(4" Floor Meeting Room 405, Taiwan EPA|® Ambien Air Quality Monitoring Activities in
Building) Indonesia
Esrom Hamonangan
Session III: ® Atmospheric Mercury Monitoring in Canada
Monitoring Activities in North Pierrette Blanchard
America ® Atmospheric Mercury Research at NOAA's
Session Host: Chu-Ching Lin Air Resources Laboratory: Results from the
4" Floor Meeting Room 405, Taiwan EPA Atmospheric Mercury Network (AMNet)
Building) Winston Luke
16:35/18:00 | Discussion Group Discussion
(4"' Floor Meeting Room 405, Taiwan EPA Davitl Gay and Davirt Schmelts
Building)
18:00 | 18:30 ADJOURN
(Welcome Reception Guests will gather at 4" Floor Lobby at 18:10 and leave for Banquet.)
18:30|20:30 Welcome Reception Hosted by Stephen Shu-hung Shen, Minister,

Environmental Protection Administration, Taiwan, R.O.C.

(Garden Hotel Taipei, 3F Camellia Room, No.1,Sec.2,Zhonghua Rd., Zhongzheng
District, Taipei City)
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2012 Atmospheric Mercu

Monitoring Workshop Agenda

Date v ep 0
Start | End Topic Speaker/Presentation Title
09:00|10:15 | Training Session 1: ® Introduction to the NADP Networks
Introducing North American B Multiple Networks
Networks B Open Access to Data
(4" Floor Meeting Room 405) B Mercury Deposition Network (MDN)
W Introduction to the Atmospheric Mercury
Network (AMNet)
David Gay and Mark Olson
Training Session 2: Speciating Tekran Technology
NADP Atmospheric Mercury Siting Basics
Network Operation, Equipment Maintenance and QA
4" Floor Meeting Room 405) Checks
Mark Olson and Timothy Sharac
10:15|10:30 Coffee Break
(4th Floor Room 402)
10:30|12:00 | Training Session 2: ® SOPs
(Continued) ® Data QA
NADP Atmospheric Mercury |® Question and Discussion
Network Timothy Sharac and Mark Olson
4" Floor Meeting Room 405)
12:00 |13:00 Lunch
(4"’ Floor Meeting Room 402, 401)
13:00 [19:30 Leaving for Lulin Atmospheric Background Station (LABS)
19:30° |20:00 Check in Alishan Ho Fong Villa Hotel
2000 Dinner
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2012 Atmospheric Mercury Monitoring Workshop Agenda

Date ednesda ep /

Start | End Schedule

07:00 | 08:00 Breakfast

08:00(12:00 Visit Lulin Atmospheric Background Station
12:00)13:30 Lunch

13:30|19:00 Heading to Taipei

19:00|20:30 Dinner

20:30(21:00 Back to hotel
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Mercury Emission, Speciation and Distribution
of Utility Boilers in Taiwan Burning Bituminous
and Subbituminous Coal Blends

Hsing-Cheng Hsi?', Chien-Ping Chou'?, Chi-Ren Lan®

1Institute of i ing and National Taipei University of
Technology, Taiwan
2Energy and i L ies, Te

Institute (ITRI), Taiwan,
3Taiwan Power Research Institute, Taiwan Power Company, Taiwan

Environmental Material
Synthesis & Analysis Lab.

Institute of Environmental
Engineering and Management

Global Hg anthropogenic emissions

 by-product emissions from anthropogenic sources woridwide in 2003 (townes)tub. values are rounded to
\gs).

Region  Swtiop- Nou-  Pigiron Cement Gold  Mewuy Waste  Causic  Other  Tomal
ary ferous aud product-  product-  product- incinerat- sods  sources
combast- metals  steel ion ion ion ion* product-

product-  product- (primary ion
fon ion sources)

Africa 373 21 L6 109 89 00 06 01 00 616
%00 241 138 89 88 57 87 06 97

(excluding
Russia)

Fuope 766 187 188 00 00 101 63 147 48

Amer

Oceaia 190 61 (] 04 101 00 o0 02 00 366
Russia 160 s2 26 39 43 00 35 28 s 68

South 80 16 18 64
America

World 141 a4 189

Source ¢ http://www.chem.unep.ch/mercury/Atmospheric_Emissions/

Control strategies

The success of Hg emission control using existing APCDs in CFPPs greatly relies on
a thorough understanding of Hg speciation and distribution in the flue gases.

Approach: Catalytic Oxidation
and Absorption
Targeting pollutants : Hg, SO,

Approach: Catalytic Oxidation
and Destruction

Targeting pollutants: Hg, NO,
WetScrubber | Stack
ESP or FF
I I
i
\ / Ash +
N\ /52500°F Residue
Limestone or lime slurry

Approach: Adsorption
Targeting pollutants: Hg,
Dioxin, NO,

Introduction

Mercury: Why Is It of Interest?

* Unique physical and chemical properties
— Hg® melting point = -39 °C, boiling = 357 °C, high saturation
vapor pressure (0.246 Pa at 25 °C), easily vaporized at > 150
°C, low water solubility (6.0x10 g/L H,0 at 25 °C) -
— Existing in gaseous form in flue gases, difficult to be removed
by conventional air pollution control devices.
* Highly toxic
— Attack neuro-system

— After absorption of mercury in the body, mercury circulates in
the blood stream and accumulates in the spleen, liver, kidneys
and bones.

Hg emission of major stationary sources in Taiwan

Unit : metric ton/year

Source 2006 | 2007 | 2008 [ 2009 | 2010 |
Municipal waste incinerator 0233 0.244 0.250 0.260 0.168
Middle and small-size incinerator 0.009 0.010 0.011] 0.011] 0.02§
[Coal-fired power plant 01771 0477 0479 0.176 0.214
[Coal-fired steam-electric
lcogeneration plant 0.1400 0.143 0.222 0.170 0.244
Cement kiln 0.269 0242 0.19¢ 0.182 0.171
Nonferrous smelter 0.029 0.031] 0.030 0.028 0.028
Sinter plant 0.070 0.071 0.070 0.062] 0.081
Electric arc furnace 0.190 0.218 0215 0.169 0.175

[exclon s badiholise] 0014 0017 0017 0.017 0.053

recipitator ash

Other 0176 0.187 0.192] 0.198 0.199
Total 1.31 1.34 1.38 127 | 1.37

Objectives

« This study investigated the Hg speciation and
distribution at a 300-MWh CFPP in Taiwan.

» The tested CFPP is equipped with low-NO, burners for
NO, control, cold-side ESP for particulate capture, and
wet FGD for SO, removal.

« Samplings of all the relevant Hg inputs and outputs,
including coal, lime, bottom ash/slag, fly ash, gypsum
slurry and flue gases were performed. The Hg,, Hg®,
Hg?* concentrations/mass flow rates were measured
and calculated. Mass balances for Hg throughout the
entire power plant were subsequently obtained.
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Methodology

» These results provide a better understanding
of the Hg emission, speciation and distribution
across APCDs and can be further utilized to
evaluate the environmental impacts of Hg
emissions from CFPPs.

» These Data also help determining if a retrofit
on existing APCDs or additional control
strategies (e.g., adsorbent injection system)
are needed for compliance of regulations,
which may be implemented in the future.

Methodology

1.Test Unit: a coal-fired utility boiler (#2) located in the
Northern Taiwan

Load capacity 300 MW

Pulverized, blended
Coal Bituminous and
Subbituminous coal

Particle control Cold-side ESP
SO, control FGD

Methodology

2.Sampling Locations :

Hg input
/ i \ Lime/limestone

Boiler ESP

Fuel Coal

J

Gypsum,

Flue
Bottom Ash Hy Ash Sludge &
EfMocats
} Gaseous sample
ﬂ Solid and liquid sample Hg output

Two sampling campaigns were carried out in 2009 and 2010

Methodology

3. Sampling and Analysis Techniques :

EOntario Hydro Method (OHM)

BU.S. EPA methods 7470A and 7471A (Liquid and
Solid samples), CVAAS Hg analyzer

Coal sample analytical results

4. Ontario Hydro Method (OHM) :

Thermocouple

Glass  Thermometer Glass
Stack Q Gl
W

Heated

Figure 4-1. Diagram of sampling train for Ontario-Hydro Method (source:
Reference 4).

W 2009: 20 coal samples, Indonesia (KPC) =15; Australia (Mac) =5.
» Average Hg in Indonesia (KPC) = 0.037+0.005 mg/kg (0.025~0.044 mg/kg)
» Average Hg in Australia (Mac) = 0.041+0.008 mg/kg (0.028~0.047 mg/kg)
» Overall of the tested coal: 0.038+0.006 mg/kg (0.025~0.047 mg/kg)

W 2010: 16 coal samples, Indonesia (KPC)=12; Australia (Mac)=4.
» Average Hg in Indonesia (KPC) = 0.035+0.002 mg/kg (0.031~0.037 mg/kg)
» Average Hg in Australia (Mac) = 0.025+0.007 mg/kg (0.020~0.035 mg/kg)
» Overall of the tested coal: 0.033+0.006 mg/kg (0.020~0.037 mg/kg)

Results indicate that the Hg content of coals used in the tested
CFPP#2 boiler is similar and consistent.
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Hg in inputs and outputs

CFPP#2 Hg distribution (2009)

®Hg is undetected in processing water (<0.01 pg/L); FGD
input water contained minor amount of Hg (20.6 pg/L),
indicating that some of the Hg transported into
recirculation water.

®Hg in lime was about 0.030 mg/kg and gypsum contained
about 0.162 mg/kg of Hg, indicating that Hg accumulated
in gypsum (2009 data). Hg in lime was about 0.036 mg/kg
and gypsum contained about 0.111 mg/kg of Hg, again
indicating that Hg accumulated in gypsum (2010 data).

@ Bottom ash contained negligible amount of Hg(<
0.002mg/kg, 2009; 0.005 mg/kg, 2010 ). Fly ash contain
significant amount of Hg (0.171 mg/kg, 2009; 0.175
mg/kg, 2010) .

CFPP#2 Hg distribution (2010)

Mercury Emission and Speciation Variation across APCDs?
Inlet ESP Inlet FGD Stack

Hg
speciation pg/Nm? 9% pg/Nm® 9% ng/Nm? 9%

Hg, 2.572 89.9 0.013 15 0.011 2.0
Hg" 0.212 7.4 0.404 46.9 0.479 85.5
Hg** 0.077 2.7 0.446 51.7 0.070 12.5

Total Hg 2.861 100.0  0.862 100.0 0.560 100.0

Mercury Emission and Speciation Variation across APCDs”

Inlet ESP Inlet FGD Stack
Hg

speciation  pg/Nm® 9%  pg/Nm® % pg/Nm® %

Hg, 1.935 69.3 0.007 0.4 0.004 0.6
Hg" 0.853 30.5 0.731 48.9 0.623 97.0
Hg** 0.007 0.20 0.757 50.7 0.016 23

Total Hg 2.794 100.0 1.494 100.0 0.642 100.0

“ An average value of the four tests at the identical condition using the same mixed
coal is presented.

Discussion on test results (based on 2010 data)

@ An average value of the five tests at the identical condition using the same mixed
coal is presented.

Control efficiency by APCDs

B The average total Hg removal was about 76% by existing
APCDs, including (ESP and FGD). This result resembled
the data reported by USEPA (between 29 and 749%).

Discussion on test results (based on 2010 data)

1. Hg Behavior in ESP and the Effect of Flue Gas
Components

B n this study, high amount of Hg, (69.3%) was measured,
which may be due to the high unburned carbon in the fly
ash that adsorbs the Hg.

mESP removed 99.7% Hg,; however, Hg?* increased to
0.757 ug/Nm?3, indicating that catalytic oxidation of Hg® by
flue gas component or fly ash occurred. This may be
further enhanced by the environment of ESP (high-voltage
discharge field).

2. Hg Behavior in Wet FGD

mWet FGD removed 98.0% of dissolved Hg?*; however, Hg®
only decreased by 14.5% -

3 Mercury in Stack Emission

W Average Hg concentration in stack was 0.601 ug/Nm?
(91.3%HgP » 7.4%Hg?* and 1.3%Hg,), indicating that Hg®
is the most difficult species to control.
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CFPP#2 Hg distribution (2009) CFPP#2 Hg distribution (2010)
Coal Limestone Processing water Coal Limestone Processing water
98.1% I.8[/o 1 0.1% 97.7% 2.3% 0.0%
Boiler |—* ESP [—> FGD [—* Stack Boiler |—* ESP [—> FGD [—* Stack
Bottom ash Fly ash Gypsum FGD Emission Bottom ash Fly ash Gypsum FGD Emission
0.04% 53.2% 24.0%  wastewater 0.34% 53.3% 16.0% wastewater  25.4%
0.2% 22.6% 5.0%

Conclusion W m
Acknowledgements

® The Hg in coals for CFPP#2 boiler is similar. 100" Annversary
® The major Hg source in the CFPP was coal (97.8%),

with minor amount contributed from lime (2.2%). Fly Financial support by the Taiwan Power Company is
ash is the largest Hg output (53.3%), followed by greatly appreciated.

stack emission (24.0%) and gypsum/FGD
water(22.7%) -+ The overall mass balance disclosure
was calculated to be approximately 85.4%.

®The Hg emissions from stack into the atmosphere
was 0.601 pg/Nm? in average, Hg® , Hg?*, and Hg,
occupied 91.3%, 7.4%, and 1.3%, respectively.
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Curriculum of Vitae

Akihiro Tokai, Dr. Eng.

Professor, Laboratory of Environmental Management, Division of Sustainable Energy and
Environmental Engineering, Director of Sustainability design on-site research center

Graduate School of Engineering, Osaka University, JAPAN

Tel. & Fax.: +81-6-6879-7676, E-mail:tokai@see.eng.osaka-u.ac.jp

Date of Birth: 10 April 1959

Nationality: Japan

Specialty area:

Risk assessment, management and govemance on environmental hazard, Environmental systems
engineering, Value of information analysis in environmental management

Integrated methodology merging life cycle assessment and risk assessment methodology

Academic society:

Society for Risk-International, Council 2013-2015
Society for Risk Analysis-Japan, President 2009-2010
Japan Society for Civil Engineers

Japan Society for Waste Management Expert
Academic Society for Socio-Economic Systems
Society for Water Environment

Society for Atmospheric Environment.

Society for Environmental Economic and Policy

Educational degree:

1982 B.E., Faculty of Engineering, Hokkaido U., Japan

1985 MS. Marine Environmental Science & Technology, Tokyo University of Fisheries, JAPAN
1988 Dr. of Engineering, Environmental Engineering, Osaka University, JAPAN

Professional Experience:

2012.4- Director, Sustainability Design On-site Design Center, Graduate School of Engineering, Osaka

U. Japan

2008.4- Professor, Division of Sustainable Energy & Environmental Engineering, Osaka U. Japan

2007.5-2008.3 Program officer (Integrated Chemical Risk Management), CSTP Coordination
Program of Science and Technology Projects, Council for Science and Technology Policy. CSTP
is one of the branches of central government of Japan.

2002.4-2008.3 Team leader, Research Center for Chemical Risk Management, National Institute for
Advanced Industrial Science & Technology (AIST}, Tsukuba, JAPAN.

2001.8-2002.3 Principle researcher, Research Center for Chemical Risk Management, National Institute
for Advanced Industrial Science & Technology (AIST), Tsukuba, JAPAN.

1998.4-2000.3 Visiting associate professor, Water Resources Environmental Research Center, Disaster
Prevention Research Institute, Kyoto U., Japan.

1997.8-2001.7 Associate Professor, Environmental and Resource Engineering, Graduate school of

Engineering, Hokkaido U

1996.4-1997.7 Associate Professor, Research Center for Environmental Science and Technology
(Laboratory of Environmental Economics) , Yokohama National U., JAPAN

1993.8-1994.7 Visiting Faculty, Department of Engineering & Public Policy, Carnegie Mellon U., USA.



Bt ~ R Rl SRR e A oy SRR AR (2018 £F 11 F 02 )

(Fulbright Junior Researcher)
1990.9-1996.3 Associate Professor, Department of Civil Engineering, Gifu U., JAPAN
1988.4-1990.7 Assistant Professor, Department of Environmental Engineering, Osaka U., JAPAN

Present scientific research projects

“Study of evaluation of risk management options aimed at NATEC phenomea”, Ministry of
Environment, PI, 2018-2022.

“Study on risk governance from the viewpoint of stock management”, Ministry of Environment, PI,
2015-2017

“Study on Agricultural supply chain management in terms of health risk especially looking at the issue
of export agricultural product safety”, Ministry of Agriculture, Forestry and Fisheries,
co-investigator, 2014-2016

“Proposing new product classification scheme for traditional Japanese food based on the risk
management”, Ministry of Agriculture, Forestry and Fisheries, co-investigator, 2014-2016

“Study on Development of a Policy Model for Resilient City and its Application”, Environment
Research and Technology Development Fund, Ministry of the Environment, co-investigator,
2013-2015

“New scheme for Chemical Safety Management (The Study of the Quantitative Assessment of
Uncertainty Factors for Risk Assessment)”, Ministry of Economy, Trade and Industry, PI, 2013

“Probabilistic Exposure and risk Evaluation Model for whole supply chain of chemical industries, with
the example of relatively small-scale occupational workplace”, Development and evaluation of
new risk assessment methods or system, Subjects for the 3nd term of "New Long Range Research
Initiative” managed by Japan Association of Chemical Industry, PI, 2011-2015

“Proposing new risk management methodology based on the concept of risk resilience with the

example of automobile industry supply chain”, Environment Research and Technology
Development Fund, Ministry of the Environment, PI, 2010-2012

“Proposing new inventory system integrating Toxic release and GHG release”, Ministry of Education,
Culture, Sport, Science & technology, Grant-in-Aid for Scientific Research, P, 2010-2012

Paper published

. Miangiang Xue, Liang Zhou, Naoya Kojima, Leticia Sarmento dos Muchangos, Takashi
Machimura, Akihiro Tokai: Application of fuzzy c-means clustering to PRTR chemicals uncovering
their release and toxicity characteristics, Science of Total Environment , Vol.622-623, pp.861-868,
2018.

2. Hoa Nguyen, Kathleen B. Aviso, Naoya Kojima, Akihiro Tokai: Structural analysis of the
interrelationship between economic activities and water pollution in Vietnam in the petiod of
2000-2011, Clean Technologies and Environmental Policy , Vol.20, Iss.3, pp.621-638, 2018.

3. Maiko Ebisudani, Sayaka Kihimoto, Haruko Yamaguchi, Toyohiko Nakakubo, Akihiro Tokai: An
Integrated Measurement Framework of City Resilience for Preparedness: A Case Study for
Japan,Journal of Sustainable Development , Vol.10, Iss.6, pp.106-13, 2017.

4. Yuki Shiga, Haruko Yamaguchi, Tokai Akihiro:

Estimating the probability of exceeding the maximum residue limit for Japanese tea using a crop
residue model, Journal of Pesticide Science, 42(2), 32-38, 2017/4.

5. Xue Miangiang, Kojima Naoya, Liang Zhou , Machimura Takashi, Tokai Akihiro:

Flow, stock, and impact assessment of refrigerants in the Japanese houschold air conditioner sector,
Science of The Total Environment, 586, 1308-1315, 2017/5.

6. Xue Miangiang, Zhou Liang, Kojima Naoya, Machimura Takashi, Tokai Akihiro:
Decabromodipheny! Ether (DecaBDE) in Electrical and Electronic Equipment in Japan: Stock,
Emission, and Substitution Evaluation, Environmental Science and Technology, Vol.51, Iss.22,
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11.

12,

13.

14.

i5.

16.

20,

21,

pp.13224-13230, 2017/10.

LH. Anh, Akihiro Tokai, Toyohiko Nakakubo, Koyomi Nakazawa and Haruko Yamaguchi :
Narrowing down the Water Quality Risk Management Decision Space with Tiered Priority Setting
Approach , International Journal of Risk Theory, Vol. 3, No. 1, pp. 25-36,2013/9

. Nobuo Shirai, Kazukiyo Higuchi and Akihiro Tokai : Dynamism of Capacity Building for Regional

Environmental Action Based on Neighborhood Oraganization -Case Study in [ida City, Japan, The
Journal of the Japan Association for Social and Economic Systems Studies, Vol. 33, pp135-148,
2012/11(in Japanese)

Toyohiko Nakakubo, Akihiro Tokai and Koichi Ohno : Planning and Assessment Measures to
Updating Resources Recycling Equipments in Collaboration with Sewage Treatment Plants and
Waste Incineration Plants, Journal of Japan Society of Civil Engineers, Ser. G(Environmental
Research), Vol.6§, No.2, pp.152-171,2012/10(in Japanese)

. T. Nakakubo, A. Tokai and K. Ohno :Planning and Assessment Measures to Updating Resources

Recyceling Equipments in Collaboration with Sewage Treatment Plants and Waste Incineration
Plants, : Journal of Japan Society of Civil Engineers G (Environmental Research), Vol.68, No. 2,
pp.152-171, 2012/06 (in Japanese)

Le Ahn Hoang, Akihiro Tokai and Yugo Yamamoto : Structural Analysis of Relationship between
Economic Activities and Water Pollution in Vietnam, Journal of Japan Society of Hydrology &
Water Resources (JHWR), Vol. 25, No. 3, pp. 139-151, 2012/05

Toyohiko Nakakuboh, Akihiro Tokai and Yugo Yamamoto: Comparative Assessment of
Technological Systems for Recycling Sludge and Food Waste Aimed at Greenhouse Gas Emissions
Reduction and Phosphorus Recovery, Journal of Cleaner Production, Vol. 32, pp. 157-172, 2012

S. Watanabe, T. Nakakubo, *A. Tokai and Y. Yamamoto :Risk Evaluation Method Formulation
Assisting Industrial Sector in Voluntary Chemicals, : Japanese Journal of Risk Analysis, Vol.21,
No.4, pp.285-294,2012/04 (in Japanese)

Nobuo Shirai, Katsumi Masaoka, Koichi Ohno and Akihiro Tokai : Analysis of Residential
Photovoltaic Generation,Attention to Characteristic of Installed Persons and Factors of Installation,
Journal of Japan Society of Energy and Resources, Vol. 33, No. 2, pp. 1-9, 2012/03(in Japanese)
Nobuo Shirai, Kazukiyo Higuchi and Akihiro Tokai : Effects of Citizen-Owned Power Generation
on Residents'Consciousness: Case Study in lida City, Japan, Journal of Environmental Information
Science, Vol.40, No. 5, pp. 129-138,2012/03

Naoki Wada, Osamu Saito, Yugo Yamamoto, Tohru Morioka and Akihiro Tokai : Evaluating Effects
on the Flow of Electrical and Electronic Equipment and Energy Consumption due to Alternative
Consumption Patterns in China, Journal of Risk Research, Vol. 15, Issue 1, pp. 107-130, 2012/01

. Nobuo Shirai, Kazuhiko Higuchi, Akihiro Tokai: Transformation Factors of Environmental

Consciousness and Action to Environmental Measures and Social Capital, Journal of Japan Society
of Civil Engineering 39, Vol. 67, No. 6, pp. I1_19-11_28, 2011/11(in Japanese)

. Van Nam Thai, Akihiro Tokai, Yugo Yamamoto and D.T. Nguyen : Eco-labeling Criteria for Textile

Products with the Support of Textile Flows: A Case Study of the Vietnamese Textile Industry,
Journal of Sustainable Energy & Environment, Vol. 2, No. 3, pp. 105-115, 2011/11

. Shinya Watanabe, Toyohiko Nakakubo, Akihiro Tokai and Yugo Yamamoto : Risk Evaluation

Method Formulation Assisting Industrial Sector in Voluntary Chemicals, Journal of Society for Risk
Analysis Japan, Journal of Society for Risk Analysis Japan, 2011/11(in Japanese)

Nobuo Shirai, Koichi Ohno and Akihiro Tokai : The Roll of Local Measure in Spread of Residential
Photovoltaic Generation, Papers on Environmental Information Science, No. 25, pp. 317-322,
2011/11(in Japanese)

Nam Thai Van and Akihiro Tokai : Preliminary Risk Assessment Posed by Formaldehyde Residues
in Clothing to Vietnamese Consumers, Journal of Environmental Protection, Vol. 2, No. 4, pp.
379-386, 2011/06
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22. Thai Van Nam, Akihiro Tokai and Yugo Yamamoto : Manufacturers' and Consumers' Perspectives
on Eco-labelling in Vietnam, Committee on Global Environment, Japan Society of Civil Engineers,
Vol.16, pp.1-10, 2011/03

23. Naoki Wada, Yugo Yamamoto, Osamu Saito, Tohru Morioka and Akihiro Tokai : Evaluating the
Effects of Alternative Product Consumption Patterns on Material Flow and CO, Emissions in China,
Journal of the Japan Society of Material Cycles and Waste Management, Vol. 22, No. 1, pp.19-29,
2011/01

24. Thanh Tu DANG, Osamu Saito, Yugo Yamamoto and Akihiro Tokai : Scenarios for Sustainable
Biomass Use in the Mekong Delta Vietnam, Journal of Sustainable Energy & Environment, Vol.1,
No.3, pp.137-148, 2010/12

25. Sintaro Takaku, Yugo Yamamoto, Akihiro Tokai and Tohru Morioka : Evaluation of Regional
Waste Recycling Systems For Kitchen Garbage and Sewage Sludgein Osaka City, Proceeding
on Environmental Systems Japan Society of Civil Engineers, Vol.38, pp. 421-428, 2010/10

26. Van Nam Thai, Tohru Morioka, Akihiro Tokai, Yugo Yamamoto and Takanori Matsui : Selection of
Product Categories for a National Eco-labelling Scheme in Developing Countries: A Case Study of
Vietnamese Manufacturing Sub-sectors, Journal of Cleaner Production, Vol. 18, Issue 14,
pp.1446-1457, 2010/09

27. Toyohiko Nakakubo, Yugo Yamamoto, Tohru Morioka, Akihiro Tokai : Development of Assessment
Model for Biomass Utilization Measures in China — A Case Study in Zhejiang Province, Journal of
Japan Society of Civil Engineers, Ser. G, Vol. 66, No. 3, pp. 120~130, 2010/07

28. Van Nam Thai, Akihire Tokai and Yugo Yamamoto : Analysis of Textile Flows and Proposal of
Eco-labeling Criteria for Textile Products: A Case Study of the Vietnam Textile Industry, Journal of
Global Environment Engineering, No. 2, pp. 105-115, 2010/07

29.Masayoshi Imanishi, Yugo Yamamoto, Akihiro Tokai and Tohru Morioka : Future Estimation of

Urban Metabolism and Environmental Sustainability Driven by Urban Activities in Shanghai, China,
Journal of Japan Society of Civil Engineers, Ser. G, Vol.66, No.2, pp.65-74, 2010/04

30. Yugo Yamamoto, Takanori Matsui, Asami Orita, Ken'ich Matsumura, Tomohiko Ohno, Satoru Kato,
Akihiro Tokai and Tohru Morioka, Analysis of Life Cycle Thinking in Chemical Risk Assessment
based on Practices in Education Program on Environmental Risk Management, Journal of Japan
Society of Civil Engineers, Ser. H (Engineering Education and Practice), Vol.2, pp.69-81, 2010/03

31. Dang Thanh Tu, Osamu Saito, Akihiro Tokai and Tohru Morioka : Biomass potential and material
flow in the Mekong Delta of Vietnam, Environmental Systems Research, B 27 AHFE, Vol.
37, pp. 455-566, 2009/10

32. Dang Thanh Tu, Osama Saito and Akihiro Tokai : Electricity Demand and the Changes from Urban
to Rural Households in Vietnam, Papers on Environmental Information Science, Vol. ceis23,
pp-233-238, 2009/02

Invited speech:

1. Risk durability Evaluation under Multiple Risk Conditions with the Illustration of Traffic and
Environmental Systems, The East Asian Risk Seminar, The Institute for Environmental Research,
Yousei University, College of Medicine, Seoul, Korea (2012)

2. State of the Arts of Risk Assessment and Management of Chemicals in Japan, Organized b
y National Institute of Technology and Ewvaluation, (2011)

Best paper Award, Eco-design 2011, Kyoto

3. Regional Workshop on E-waste/WEEE Management 8™, July 2010 Osaka, Managing e-waste from
the viewpoint of risk assessment of Chemicals
Pre-conference ISES-ISEE, August 2010 Seoul, Risk Assessment of Chemicals toward
Environmental Sustainability

4, 4™ Asian risk assessment and management, May 2009 Beijing Norma U., Risk assessment of Flame
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retardant with the example of Decabromodiphenyl ether
5. Council for Science and Technology Policy, January 2009 Tokyo, Development of Chemical Risk
Assessment methodology contributed to Environmental Manage

Other professional activities:

2013-2015 Council, Society for Risk Analysis - International

2008.7-2010.6 President, Society for Risk Analysis, JAPAN

2009.5 co-chair, 4® Asian conference on risk assessment and Management, Beijing, China

2004-2007, Committee member, Environmental Quality Evaluation by Ministry of Environment

Others, many role as adviser to local and central government, Ministry of Environment, Ministry of
Economy, Trade and Industry

Awards

Distinguished Achievement Award 2017, Society for Risk Analysis International

Best Paper Award, Environmental systems committee, Japan Society for Civil Engineers.

Best Paper Award, Eco-design 2011, Kyoto, JAPAN

Distinguished Investigator Award of Society for Risk Analysis, Japan 2010

AIST (National Institute for Advanced Industrial Science and Technology) Distinguished Research
Award, 2009

Best Paper Award, Society for Environmental Science, 2008

Young Investigator Award of Society for Risk Analysis, Japan, 1998

Fulbright Award (Junior Researcher), 1993

Young Investigator Award, Japan Society for Civil Engineers (Chubu district branch), 1993

Ph.D students: 13 of doctorates
Ph.D candidate: 7
Master students: over 100
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Afternoon session 2 November 2018
Toxic and Chemical Substances Bureau, Taiwan EPA.

Risk governance of chemicals in supply chain
considering multiple aspect of risk analysis

A part of this research has been funded by Environment Research and
Technology Development Fund of the Ministry of the Environment, Japan(1-
1501,2015-2017)and METI of Japan on chemical industry responsible care
research project(2017-2018). This p ion is the collab ive work with
Dr. Naoya Kojima, Dr. Miangiang Xue, Dr. Liang Zhou and Dr. Takashi
Machimura and Mr. Suginoo.

Akihiro Tokai, Dr. Eng., Professor

Director, Sustainability Design On-site Research Center
Graduate School of Engineering, Osaka U. Japan

PROCEEDINGS OF Let me add brief history of this academic area
THE SECOND in Japan.
JAPAN—U.S. WORKSHOP
ON

RISK ASSESSMENT 1981 Society for Risk Analysis (SRA), USA

AND MANAGEM!
A 1984 & 1987

US-Japan research workshop held
at U. Tsukuba and Osaka U.

1988 Society for Risk Analysis - Europe
DI ORNY Society for Risk Analysis - Japan
OCTOBER 26—30, 1987
2009 Society for Risk Analysis - China
2010 Society for Risk Analysis - Intl.
2011 Society for Risk Analysis - Taiwan
2015 Society for Risk Analysis - Africa

Sponsored by
Sasen Bosiuty Fes Praebon of eienda This academic area grows all over the world.
S Emiconmental Protection Agancy 5 :
Osaka University. Health, safety and environment related risk

and

&7 Osaka University

Contents

» 1. Introductions
2. Risk trade off as future management scheme
3. Case study

4. Summary

Q Osaka University

By the way, Institutional aspect of Japanese
chemical management...

Next two regulatory scheme enables us to perform
quantitative risk assessment.

* Japanese Chemical Substances Control Act, 1973
* Characterization of chemicals based on their
physico-chemical, hazard, usage properties etc.
both for pre-marketing phase of new chemical
and existing chemicals regulation.
* Japanese Pollutant Release Transfer Register, 1999
* This enable us to carry out quantification of risk
from multiple exposure to human and
environment.

Q Osaka University
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Japanese institutionalized risk assessment and
management based on this act (METI & MOE,

Japan)
Screening Clas_:_lld
s specifie
Hazard & Ermary:RA Chemical
Exposure matrix Substance
Existing & new Friority
Chemical Chemical inf/‘érst(.i]e;ti
substance Substance on.o
hazard
General
chemical
Secondary substance

? Osaka University

Time course change of registered emission &
transfer profile in Japanese PRTR

Emission/transfer amount (t/y)
300,000 +
Deleted substance
250,000 Added substance
200,000 Continued substance
150,000

100,000 =

50,000

HHHHHHHHHHHH HHHHHHHHHHHH HHHHHHHHHHHH
151617101920212223242526 151617101920212223242526  151617181920212223242526

Air Water Waste
As of H25(2013), the ratio of non registered/registered=0.64

£ Osaka University (MOE & METI)

The term “Risk triplet”, defined by SRA intl.

Risk =(S,P,D)

S : Scenario
P : Probability or frequency
D : Damage or loss

&7 Osaka University

As a result, in detailed version (METI & MOE).
Overview of CSCL

+ The Japanese government conducts risk assessment in two phases, both before and after
placing the substance on the market.

« Based on the result of risk assessment, the government may take measures to control risks
associated with the chemical

Pracng on the manet

Ciass  Specified Chemicals |
Pramarkatng Notf
[ omarkotng Notficaton and &
(persistent, bicaccumulative. toxic) |
New Chemicals WMonitoring Chemicals
(Planned quantty of manufacturng 37
and import (W) > 1 ton/year) | (Dersisient and
New Chemicals 23 substances
+ Smat Volume

(M1S 1tonyear) {
+Low Volume (Not bioaccumulative) |

H Priority Assessment Chemicals
(M S 10 ton'year)

196 substances

| + Intermedates !
1 + Polymers of low Concem (PLC)
RSTORTANGY AP PRl General Chemicals ﬂ

? Osaka University s

Some definition of risk

If we define it descriptively,

* The possibility of loss, injury, disadvantage, or destruction.

* Risk is the potential for realization of unwanted, negative
consequences of an event.

&P Osaka University ;

Professor Emeritus, Saburo Ikeda (Tsukuba
U., Japan) has pointed out the characteristics
of risk especially in the asian cultural context,
as union of two set of regions, P and D.

Risk =P® D

P: Probability
D: Damage

& Osaka University
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In more comprehensive way,

Expression of excess risk:
intermediate term between source and risk

Consumption_Emission _ Cy _ ADose AEffectiveDose __ ARisk

ARisk= Populat
Person  ConsumptionEmission Cey ADose

P
i tion
: Fate& !nhke
dynamics behavior process Transpi l.

hazard
assessment

exposure analysis

& Osaka University

Generally speaking, the transition of chemical risk
management has occurred ...

C: Talltree type  B: Plateau type A: Steep
Limited amount, Many middle mountain type
High functionality ~ class hazardous High hazard open use

Chemical substance chemicals chemicals

Level of Risk

Scope of exposure

Q Osaka University

Based on this critical concern, in this talk, |
will talk next issues.

1. Introductions
‘ 2. Risk trade-off as future management scheme
3. Case study

4. Summary

¢ Osaka University

AEffectiveDose

Some of research activity: Estimation of Sb203 in Air

However, there are gaps between institutional

option and actual risk assessment focus.
Stock flow

Industry sector
voluntary
action

"Y14d 9saueder

a8e1s ayn
‘390 |0J3U0D [ED1IWAYD dsaueder

Consumer’s risk
informed
choice

Local sector
waste
management

Q Osaka University

Regarding future perspective, the points are,
1. Not only one dimensional risk assessment
but also two dimensional aspect such as risk-
risk trade-off aspect.

2. Introducing risk common scaling method.

3. Merging life cycle thinking and risk
assessment.

¢ Osaka University
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1. Two dimensional risk typically expressed below is

required. Further more stock characteristics also included.

/

¥su Sulj1aA 123uno)

3

Target risk individually evaluated.
One dimensional risk asessment

Target risk
(Graham & Wiener, 1995)

? Osaka University

3. Merging lifecycle thinking and risk assessment

Chemicals, local health risk :

Consumption _Emission_ _ Cg,,  ADose ALffectiveDose ARisk
ARisk= Population—tlPLI2"__ ey ADose ABJJe
Person  ConsumptionEmission C,, ADose AEffectiveDose

Consump- s
Population tion Emission "':::"'
mi behavi T
dynamics ior process Ira
Lo

ARisk => DALY ( Pennington et al. 2002)
Carbon dioxides, global health risk:  (Scyriver, 2008)
C iption  Emi. ATemp DALY
Person  Consumption Emission ATemp
Risk Trade off ratio: A countervailing risk / A Target risk
Stock characteristics: Residence Time b / Residence time a
a: before substitution, b:after substitution

ARisk = Popul

? Osaka University 9

Chemical classification based on Self-organization Mapping-
PRTR substances

II. Amenity chemiral<
II.. Chemicals for EI
I.Materials us

Env.

G1, 77 | soM:BC##vy T
PreT TRTr4L: ETF—40
ensen FHE0 525 WEADF
s p HORE; BE T —5 0
wapia BAWE, RELY.

N |
. (=g

2. Common scaling for whole life stage of urban
industrial metabolism, among multiple risks concerned.

Derived common
Endpoint

Specific
Endpoint

Mid point

Physical

Concerned chemicals,
Other raw materials

DALY(Disabled
Adjusted Life Year)

Emission
amount

Physical
Emission

Contribution to
global warming

Energy,

DALY(Disabled
Other resources

Adjusted Life Year)

amount

? Osaka University *

Contents

1. Introductions
2. Risk trade off as future management scheme

’ 3. Case study

4. Summary

¢ Osaka University

Identification of substance in each ten clusters

e

o274
2 . . G4

Fuzren
i 1

o

Forren

1 o 2
. cumy
DEHP| <
i usnnE
" ” wown
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[
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Decabromodiphenyl Ether (DecaBDE) in Electrical
Equipment in Japan: Stock, Emi and Sub
Miangiang Xue,*® Liang Zhou, Naoya Kojima, Takashi Machimura, and Akihiro Tokai

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering, Osaka University, 2-1 Yamadaoks,
Suita, Osaka 565 0871, Japan

| and Electronic

@ Supporting Information

ABSTRACT: DecaBDE has been widely used as flame retardant in lectrical and
electronic equipment (EEE). It has recenty been listed in Annex A of the
Stockholm Convention. The time series flow, stock, and emission of DecaBDE in
EEE in Japan were quantified. On this basks, o risk/risk trade-off analysis of
substituting DecaBDE. with triphenyl phosphate (TPhP) that is one
phosphorus-based altermative was conducted. The stock of DecaBDE reached 3
maximum of ~42000 t in 1995, Even the demand flow was negligible in
2030, the stock was modeled to be still ~470 t. The outflow of DecaBDE, from the
use phase to the disposal phase, peaked at ~4500 t/yr. in 2001, The DecaDE
emission to atmosphere was mainly derived from the production phase before
1990. The use phase became the largest contributor to the total emission from
1995 t0 2000, Whereas the disposal phase dominated the total emission from 2000
onward. In the substitution analysi, 3 trade-off between human and ecological
health effect was revealed in case of replacing DecaBDE with TPhP. This study
attempted to give an overal picture of DecaBDE application at national level providing insights into relevant environmental
policy making.

DecaBDE: Sankey Diagram at the year of 2003

Unit: kg
Year: 2003

Total emission Total emission

P——————

Science of the Total Environment

Flow, stock, and impact assessment of refrigerants in the Japanese
household air conditioner sector

Miangiang Xue *,Naoya Kojima, Takashi Machimura, Akihico Tokai

General scheme of the analysis

FLOW & STOCK

EMISSION

health

Long term estimation of flow and stock for DecaBDE and

its substitute
Stock P g
DecaBDE : _— —_— —_—
TPhP —— s S o

Flow (thousand t/y)
(thousand t/y)

Stock

1985

1995 2005 2015

2

Refrigerants in air conditioner
m Refrigerants in the household air conditioner sector
Refrigerant  Category Formula Charge ratio(kg/kW) GWP (kg CO,-eq)  ODP (kg CFC11-eq)
R-22 HCFC CHCIF2 0323 1810 0.055

50% CH2F2

R-410a HFC 50% C2HFS 0328 2088 0
R-32 HFC CH2F2 0.257 675 o

* GWP: global warming potential: ODP: ozane depletion potential

m Refrigerants substitution schedule

€ 100 | Refrigerant Time

1= —e —ea

% R-22 1952-2007
&

z® R-410a 1998-2030

E 20

% R-32 2013-2030
0

% 1850 1960 1870 1880 1880 2000 2010 2020 2030

¢ Osaka University (Xue, 2016)
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Case studies: 16 chemicals used in 8 type of

. icl
Refrigerant flow and stock asarticles -
= i e e | s uRomE s
WM |55 | M |55 RERGE|von me 500 onke
i 100 T A PR (N gn e T LT
| ; FETI) M TR i
S g g
< 5 === R320upul  mem-R-32 stock o B wree | JamN, P2 e P oy wen
2 =< WFes o e
= - ” = e
s 6 60 g o |Tmaam ]
g 2 e | 73FH |- 1w o] Y.
E S {esohi e [ e e s
2 4 40 & = "au" s | wwade | BT v
S I 7 i i
s % [ ez ETFTS o . T e 73 1
8 2 20 g e e [T
u a Lit it
TE)
0 . G v | MY e [ LT
s = il g
1950 1960 1970 1980 1990 2000 2010 2020 2030 T — ,!‘.““_7‘_. Ty | X
5 : . 5 me | MusW D =
Flow and stock of refrigerants in household air conditioners = it =
us FH
€2 Osaka University (¥ue, 2016) ) w | "
Representative Case studies are ... Proposal new risk management index
Materials/ Life stage Target risk | Counter-
substance vailing risk
' —
Adhesives Building Manufacturing,  Health Global risk, 3 ?:’::’k”;‘t;?m P
8 < =4 7]
materials/ use, waste Waste aspect | > BURIROBMLERETEETHS
Formaldehyde > BEO BELAEFRTD
Refrigerant Electric appliance Manufacturing,  Health Global risk, ERROEBRE S i
¢ : Win—Win
o house/CFCand ' use, waste, EDeLEy Risk trade off ratio \Erease countervelingiis - 8:2) 27 (L zu
alternatives recovery aspect isk trade o atio reduction in target ORTHLERTRELY RS b L—F
(RTr) = +2
Detergent Amenity in Manufacturing,  Ecological  Global risk, 1RTE HHETELVYRY bL—F
indoor/ use, wastewater  risk Resource 2 *2
LAS and AE treatment consumption
aspect SAIHAIN 7Aa—-Rbvok
- 5 2 > EERROR ko5 ERY AA LR
Dry Cleaning  Cleaning agent/ Use Health, Local risk, > EMISh- @Y R0 WEHBE FETHEH EHHTRE
Perchloro- Land use > YR FL—FA7HEOBMERLT (BL LA ERENIC
ethylene aspect R

(Stock/FIOW)yefore substitution

Flow Stock ratlo =i Sroti/FIOW) une: susstiution

? Osaka University

Risk trade-off management diagrams

Win-win E S SU mma ry
i acceptable
gi Foam insulati iation
o £ 1990 vs 2 1990 vs 2030 * The risk trade-offs are inevitable, we need to define
Hg: g manageable index for them. Here, | proposed two
S & simple index.
§ é * As we have been facing multiple risk issues in
§ & region and in the world, so we need to identify
w5 them, make priority them, judge the risk trade-offs
wE and stock characteristics and finally constantly

update such a intellectural foundations.

_ _Counterveiling risk increase
Trade off ratio Target risk reduction

Quantification of the concept proposed in the book Risk versus Ris}
Graham&Wiener (1997)
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Thank for your attention! This work has carried out
with all the member of Tokai Lab., Osaka U., Japan.
B

Faculty: 4, Dr candid: 6, Master: 14,

? Osaka University

Afternoon session 2 November 2018
Toxic and Chemical Substances Bureau, Taiwan EPA.

Capacity building of risk analysis

education program in Osaka U., in Japan -

in support with Japanese Society for Risk Analysis-

Akihiro Tokai, Dr. Eng., Professor
Graduate School of Engineering, Osaka U. Japan

Director, Sustainability Design on-site Research Center,
Osaka U., Japan

Necessity of risk analysis:
lllustrative serious risk events in Japan around
2000

* Loosing trust in industrial sector such as food poisoning
in Japan (2000)

* Recognition of Emergency issue on Chemical
substances that endocrine substance risk(1998)

* Precautionary principle driven by EU(Maastricht Treaty,
1992)

* Bovine Spongiform Encephalopathy, blancket testing in
Japan(2000)

* Seismic disguise of structural safety for buildings (2005)
* Others

Q&A

Contents

* Necessity of risk analysis
* Japanese higher education
* Our challenge and present situation

* Future challenge

Necessity of risk analysis:
How such a status has changed?

* Loosing trust in industrial sector such as food poisoning
in Japan (2000) Same kind of event still continues.

* Emergency issue relevant to Chemical substances risk
(1998). National Requirement for WSSD 2020, SDGs

* Precautionary principle driven by EU(Maastricht Treaty,
1992). As an alternative approach, quantitative risk
assessment has promoted in Japan.

* Bovine Spongiform Encephalopathy(2000) . Blancket
testing started and ended in Japan(ZOOS)

* Seismic disguise of structural safety for buildings
(2005). Same kind of events continues

* Others. Less known new risks and unsolved old risk.
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Necessity of risk analysis:
We need to know that risk has been evolving
its characteristics.

* Actualized systemic risk: Fukushima nuclear power
plant accident by complex cause.

* Preparedness to future systemic risk: NATECH
(natural-hazard triggered technological accidents)
in southern part of Japan especially industrial
clusters are rich.

* Continued nation-wide resilience.

* Expectation of innovative new technology
introduction accompanying deregulation.

Government Consideration
around 2000 situation in Japan

*They built interdisciplinary education
program fund under the limited term
period(2004-2008).

*Osaka U. proposal on education
program was selected only a few
institutions that deal with these
problems especially risk analysis.

Certificate education program

* Target: All higher education in Japan for all relevant
academic disciplines.

* Funded period by government: five years(2004-
2008)

* Core curriculum
* Basic concept, interdisciplinary, integrating different
academic disciplines
* Literature for Risk communication
* Literature for Risk evaluation
« Literature for Risk management

ENVIRONMENTAL RISK MANAGEMENT TRAINING l'uﬂ(;k\\l\

Japanese higher education:
Principle structure

* Strong and rigid scope of traditional
discipline-based education system

* Limited scope of risk or safety education that
requires inter- and multi- disciplinary area.

* The concept of HSE(Health, Safety and
Environment) in Japan still separately deal
with Health in medical school, safety in
engineering school, and Environment in
interdisciplinary department.

Our challenges were ...

* Curriculum really interdisciplinary
structured.

* Problem oriented lectures by instructors
with a career in their subject area.

* Mixed class composed by regular students
and part time students who had jobs.

* This curriculum was equivalent to Osaka U.
master’s course degree and we called the
graduates of this curriculum as risk manager.

You can identify some of the details of curriculum structure...

RISK ASSESSMENT FOR
CHEMICAL SAFETY

ENGINETRING RISK
ASSESSMENT

J. Risk Research, Vol.10, No.6, pp.821-839, 2007
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Lecture notes published by Osaka U.
Press through this education program

s (o
ml-_)zg \ .7
FFiham { ?z;//"x D
@
:he"fy anfd isk Theory of risk Risk-based .
ractice of ris| i Care decision making management
analysis system

Register the person who
completed education program

* Register
* Those who finished education program.
* Practitioners who has more than five year experience in
the field of risk analysis
* Expert and educators who teaches risk analysis in
univerisity

Risk Manager Continuing
Professional Development

* Attendance annual meeting of Society for risk
analysis, Japan

* CPD is also developed. Risk manager encourranged
to participate annual meeting of risk related
academic conference.

By the way, what is risk manager?

* Person who can identify, evaluate and manage the
risk in concern at the specific sites and issues.
* The main role of risk manager are...
* Chief risk offcier that can deliver appropriate
message to stakeholders
* Risk communicator who can handle and enable
and share the critical informations
* Risk analyst who can evaluate risk quantitatively

This person (me) is registered as risk manager
certificated by Japanese society for risk
analysis.

R FI #) ARURIHR SR
- YRITRS TR BRE
o]

3 ®iR&S  : ERM—96 %
2 Wi W%
T 7 \ - WiiiE L
GEM : FoR 23 1A 1B - PR FWOH LA
LROEDIEFQ-BMRENTLBY Rk v (RE) THLZLEZIENTS

WLFEA A A S TREE

oo Bk b R
(g o — R

ARTICLE

More detail about this
education program are
explained in this paper.

New Risk Management Training
Programs in Higher Education in
Japan - A Comparative Study and a
Challenge by Osaka University

TOHRU MORIOKA, OSAMU SAITO, YUGD YAMAMOTO,
MA! IMATSUL
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Present situation

* Internalization of risk analysis course into regular
curriculum

* Within one university, building risk analysis course
is not easy because of resources allocations by each
university’s strategy.

Thank you for your attention!

Present situation- internalization of risk analysis
education into regular curriculum

Included in regular curriculum. In Osaka U., there are several strong people who
potentially connected with risk analysis field, however, present situation is
followings. This is what | am doing now at Osaka U.

Medical School Practical exercise Environmental
of environmental epidemiology,
medicine health and risk

Engineering school

Theory of Theory of
Environmental Environmental
Risk analysis . Planning Thesis
Thesis work, work,
Theory of Undergradusts Environmental MS
Environmental Regulatory
evaluation science
UG 3 UG 4 MS 1 year MS 2 year

Future challenge ...continues

* Collaboration with international higher educations

* At this moment, higher education in France are
approaching to us about joint degree program on
risk management, disaster management, resilience
and so on.
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MEn MEng, MS is optional
N9 9 Iop
TOE_FL([bt)?S_S TOEFL(ibt)=85 Regional Material Flow
or Online interview Management
21 Regional Development Strategies 4 Disaster Prevention and Reduction, 48
GPA23.0 GPA23.0 Climate Change Adaptation 6027035
Not required Not required P 10 A . )
120 ECTS 30 credits o o erl Fow
11 courses +2 seminars 25 courses +2 seminars “ Principles of Industrial Material 3 Resource Recovery and Management 2.7
(35 TW credits) (17 credits) : Flow Management = Esmso}s éoﬁ gwi)lﬁgwﬁ!;(sﬁ) o
Course 24 ECTS 9~12 credits + capstone - inability M and i I:ts(a;;;ogéwsaﬁﬁa‘cl -
2nd year +Internship 6 ECTS + project / internship 3~6 Ry EEEH)
B (LGN Industrial Ecology and Zero 6  Resource Recovery and Management 27
- Master Thesis 30 ECTS - - Emission Strategies - 6015018 S0%EBEMERGE)
required required Sustainable Water Management
_w Fall Spring, Fall “ Basic Engineering Aspects of 2 Advanced aquatic chemistry 27
Al g B = .p g: . Sustainable Water Management 6016021- 50% & §KE{LE ()
March SP”ng- 9/20; Fall: 2/15 (" OLITER N Business Planning for Engineers 4 Corporate Sustainability and 24
1500 EUR/sem $14,770/sem -$5,466 = R S0%E XM
+42300 EUR/sem $9,304/sem REAE
Depends on GPA, proposal, guaranteed-$5,466 Cultural Aspects of System 2 EEEE] Seminar 1220013 13
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interaction [ (LITIENPA Physics and Chemistry for the 4 Environmental Planning and 54
— environment Management I 600700638 % #I5&
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LG Energy System Management
“ 6.1 Basic Principles of Energy
System Management
10.2 Greenhouse Gas Abatement
Strategies and Carbon Trading
Cultural Aspects of System

Change
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