LR 21 Sy g g

TR A 4B T8 B A R B Z R R 3R B R

JE R % 4B 185 MR A HE R X R R s 5 2
R E A2
mprR ' BEm Y
| "W R SRS
VDR ERERRER IS
HE

HERBEEA B ZHRES CRAHASBEREMN T ERZ— AW
BELBRBBREMARGZE T T LERBLEFE AR HEFLE A > G
Bhs R A s B H AT MR ERE - RRIPE - RS REAE
% B R B AT o BIb AR B 89 &R I & 4.8 4 (Systems Thinking)
it 4 44 R % 3% (Managing for Results, MFR)&y ¥ 7% » 2R — 25 A B HEK
ZRBRIPEARBRLUNZ T kh - AAEEARA LB NI X RELRAL
HHRBEREEAE BRI EE2EBRALBAALEE IR AL PN TFLRG - £
FEREHEB MY LEREAFLEALE-BLSL RERELEE RHRE
BRAXREBENRA  RAKERITREEFEOIRE S KA RRTAR T
B AR EREERALAARE 0 maARAHEAE TRGTEBRER(LHE)
4 RPELBZHAENHBREBNEURBELEALY  EMFALEZALE
FTEERMALAEEURHRIBEEZAGEZER BRI FER 64
RER TR TRELRMZEKEBE MBRAKRBEG T 5 T HILLF
FRRBETREBEITHIR > TR TERAE B R RERTHHE - LAHRR
WA RN Y2 FIRARGARESL  ARERET BATERARGHR
BEBMHMNGARREEETH T EREXTELREIHNRE  GBAARAZ 2 4L
PHBETREREG  EMAREEEFETHAERSRTHHE  OHRE
Tk~ R MERARETRE « 84U EHMR B ERH KRR 0 A5
RELA2GBHAERETEMBROEFEARYIRZ AR FHERREAIZ
Fikd o BRI TUAWMBEERMRAB T EREEZZIRAL -

BiSEF @ A% BH - EREE - B MM - BT - HERCE HR
E-mail: wiliu@nanya.edu.tw, TEL: 03-4361070#5429, FAX:03-4563674

91




wESERE =+ M

JER A S BENIER A B PR Z BR3P 45 SR EMR S

Applying System Thinking on Risk Assessment
and Abatement Planning for Volatile Organic
Compound Emissions

. 1 c . .2
Chien-Tzu Wu' Wei-Lin Liu
! Environmental Protection Bureau, Hsinchu County Government

2 Department of Civil and Environmental Engineering, Nanya Institute of Technology

Abstract

Volatile organic compounds (VOCs) control has become an important task for the
environmental protection authorities. Because the current control tasks lack the concept
of system, emission investigation, risk assessment, and abatement strategies planning
can not effectively integrated. The purpose of this study is to apply Systems Thinking
combined with Managing for Results to develop a methodology on risk assessment and
abatement planning for VOCs emissions. Based on Systems Thinking, this study
identifies the area which was influenced by the VOCs emissions of the factory as
boundaries of the system, and the factory is identified as the subsystem. The factory can
be also thought as an integral system during the investigation for VOCs emissions. The
components and the interactions of process and material are then identified to obtain the
complete emission quantity of the factory. During risk assessment, all of the factories
and the residents are identified as components. This study simulates the air quality in
each sensitive location of the area caused by the emissions of the factories. Exposures
and risk on the health of the residents are estimated by the simulated air quality. Based
on the assessed results, this study uses Managing for Results to identify the objectives
of emission abatement. The abatement strategies and action plans are then generated
using the analytical results of VOC emissions by Systems Thinking. A
tire-manufacturing factory in Hsinchu County was used as a case study. The analytical
results indicate that the VOC emissions which were not completely considered because
of the complicated relationships between manufacturing process and materials have
been obtained in this study through the systematical procedure. The strategies and

action plans, including the treatment methods, schedule, required cost and resources, are
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generated based on the complete VOC emissions. The methodology developed in this
study can be used to assist the authorities for risk assessment and abatement planning

for VOCs emissions.

Keywords: Systems Thinking, Managing for Results, volatile organic compounds

(VOCs), risk assessment, emission abatement
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BOLZRBRALEEEARR BARUR S ERIBRATEN ST L ZRBLPYE
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BARRBEE  ERE—EF K RERELPATHRFAEAE T B B H 382 A
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B AR EilishE: > KRR B 6 ERN I A %8 4(Systems Thinking) &9 7 7%
(Chen et al., 2005; Forrester, 1961) it 4 4- 4 & & ¥¥(Managing for Results, MFR) &) 7
7%(Chen et al., 2006; Drucker, 1964) - 4 & £ 3 M A M A 2 AR SRR E
ZHEW AGBHRELCALKER - EHERAETRERHFLEORN—ZE
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Rz R fstE  LAHRARFEINEGRGFETX  UERAFSIREBRL
MEGFANERFENTAUANAEZAGEE > BN L THEETHRIBIHAR
(Chen et al., 2006) -
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BB L RIER 249 0 EANFBIRASH > d N e BE sk BISLFEE 237 HGH
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ATHHG  RERFTEHEURA S BEUR T EZMATHS N T > THH
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S E0I4 W& RBRMBBREHR 1L EEERLE 3

THEZHRER 1T -

HCEHERE 3B

& 1. VOCs H - FH a4 &

REH# I AREZIAYGN 2R E| R ER|LSHE
A8 FH 2z | B HEZ| AR E|O # H Rk
) K E|H K E|O;) #(0s)
(O (O12)
2k (HE) 1.1 2.6 0.4 13.6 0.9 18.5
B4t 6% 14% 2% 73% 5% 100%
WK E () 0.0 0.0 0.0 5.6 0.0 5.6
R 0% 0% 0% 100% 0% 100%
H b () 17.0 40.4 5.6 213.0 14.4 290.5
G4tk 6% 14% 2% 73% 5% 100%
&3 (48) 18.1 43.0 6.0 232.2 15.3 314.6
Bt 6% 14% 2% 73% 5% 100%
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AARRAGEEN T % BEEARREBRA - TEL% FRE@R
ORIBEFABAXVEZER  AHMEBAE MR TR VOCs SR BBAAMA
BREBEZTERAE  RFEMARRBERZEAZEERERAR - B ERBET
BAMEEESALAESRIRES Y 134m & M B d RN IESERE 500 2 R & 1000
AR A BRE > B RER2 R XEEE(134m) ~ 500 2R A& 1000 2R
ZHBBRETIN R 2

RIEE 3 BT > BT R AR B A & BRIZERE 500 ARZAEP 0 AR
LR B RAREEHEFINES -

b AARBRERTRHRABZEIINEK 4 FALZ 2R FBRFHERT
REBEABANEAESRSREEAY 134 2RE > ZRLEERKMKE
REEIRBERARERAFEARGE -

%2 F TR RGBS @R AR R (B ¢ pg/m)

VOC K ¥R

E& (m)| 134 500 1000 | 134 500 1000
# & 21.15 4.05 1.14 | 6.88 1.32 0.37
34 8.41 1.61 046 | 2.74 0.52 0.15

k3 FIBREABRBZHEAZEZ(EM  mgkg-day)

IE B ETK TR
AR A 0.0009 0.00028
RS 0.0009 0.00030

RET-12R) 0.0020 0.00064
% & (1-6 3%) 0.0018 0.00057

24 FPIBRZBRATHEEZES(HEEE R KR D) (B4 @ mgkg-day)

BB ETH TR

R F M 0.007 0.0023
o 3 0.007 0.0024
REO-128K) 0.016 0.0052
% &(1-6 &) 0.014 0.0046
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AAEAELERBEREZE L AR E M A 4 (ntegrated Risk Information
System, IRIS) ¥ B E WA F R 2 B8 BB M 14 R BT EFRFPE - R3E RIS
EHEZENBEF ECRATRBNEERBMIEE > Bt tREEZ S
# 3 B (Reference Concentration for Chronic Inhalation Exposure, RfC)R #4734
(USEPA, 2007;2F & 4%, 2003)  E 242 RfC % 0.7 mg/m’ » 48§ #oF & 2 44 #|
£ (Reference Dose, RfD) % 0.23 mg/kg-day ; ¥ %2 RfC % 5 mg/m’» 48 &R bR 2
RfD % 1.64 mg/kg-day - H s 2 8 T AR B2 R B B T X IE BB L F R st

Bk ST SR ARE BRIESE 500 ARZEL - HREHREIHE B RN
EBOEARIERGME I 1 BTHICENEAREOETRNFT TR E
AERHGBE -

Beoh s ARRBBEATHEEEETZRRBELAEH B Hiok 6 A7 R
ARFPHBRRATRHRERBCAEHBFAEAMEAERIKERES 134 2RKE ° %
RitSBERRMARE  AEHBENABREERGE LML  E#4E22H -

&S FLBRRABRIEZIFBROCTHHR

1A H ETHK i3 A%t
BAEF K 0.0038 0.00017 0.0039
BRAELM 0.0040 0.00018 0.0042

fET-12 R) 0.0086 0.00039 0.0090
h & (1-6 3R) 0.0076 0.00035 0.0080

£6 PR RATRIMALESEM(EH )

A B ETKE TR &t
BE B M 0.030 0.0014 0.032
BSERH 0.032 0.0015 0.034

LET-12 R) 0.069 0.0031 0.072
%h & (1-6 3R) 0.061 0.0028 0.064

W~ T VOCs 3R T Z /.8

AR LS R % 32 69 7 75 (Chen et al., 2006; Drucker, 1964)i&47 & & R 2 #F
BoEAREEES BE -LBR AREFIEROBFEHBITEZS>FXEBRK
TR B E o B R 5% R AT DR TR R B A 0 2
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A E R TiE 80% -

ERERBEI B BB ABZIERERIAHECHAERR  BHEKRSE
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i 80%Z RITH o

A E RN 07 F 7k 0 FAHRBIEB T B ¢
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Q) FBAGMIEBIER R Lokl ERE

BAT 3 6 BB REAMEXAREUESRR  EREXKRFAE  WAES 1 &
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