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Abstract

For an industrial district, an air quality monitoring network (AQMN) is
usually established to monitor potential pollution threats on the ambient air
quality in areas surrounding the district and assess the effectiveness of
pollution control facilities. In general, an AQMN is designed based on the
prevailing wind direction. However, for an area with significant seasonal
variation in wind directions, such an approach may lead to an AQMN without
any station being placed at a location that can detect seasonal pollution impacts.
In addition, the existence of external pollution sources can interfere the
assessment and interpretation of monitored data. The study was thus initiated to
develop models for designing an appropriate AQMN that can detect seasonal
pollution and reduce the effect of external sources.

A partition procedure was proposed to properly divide the whole year into
several major seasons based on seasonal wind direction variations. The ISCST3
dispersion model was applied to simulate hourly pollution distribution.
According to the season divisionusand -simulated pollution distribution, a
previously developed model optimizing. detection capability was utilized to
determine an AQMN that can proper detect seasonal pollution distributions.
The other model maximizing the detected ratio -of pollution emitted from the
industry district was developed to obtain-an AQMN that is not significantly
affected by external sources. Two:case studies were implemented to evaluate
the applicability of both models. As demonstrated by the obtained AQMN:Ss, the
ability for detecting seasonal pollution is improved and the interference from
external sources is reduced.

Keywords : air quality monitoring network, industrial district, seasonal wind,
external sources, optimization, environmental systems analysis.
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# Major Pollution Sources over threshold value times

+ DCAQMN
A\ SDC AQMN

266 204 153102 51 O

W 4.5DC # SDC B & % g2 g i fh2f = e (5 ) ip 2

()17



+8

Major Pollutiocn Sources over threshold value times
*

-+ DG ACMN

£\ SDC AQMN 255 204 153 102 61 O

B146 DC2 SDC Bif % dg B Rl B T Bk

()-18




+8

# Major Polluticn Sources over threshold value times
-+ DCAQMN
£\ SDG ACMN 255 204 155 102 51 O

Bl 47 DC2 SDC BE S 5@ NEEHL TR » B

()-19




+8

# Major Polluticn Sources owver threshold value times
-+ DG AGMN
£\ 8DC AQMN 255 204 155 102 51 O

Bl48DC ¢ SDC BiE RS2 BT fs FH = B

(1)-20




=05
+
# Major Pollution Sources owver threshold value imes
-+ DCCACMN
£y SDC AQMN 255 204 153 102 51 O

Bl49DC ¢ SDC BiE %2z BB fcs G R ~ B

(4)-21




100 aoDc 01.2

W sDC
w  SOr 714 4
Lo GOL [32.5525

7

(%) 40

PSR RE S
B 4.0 ) &2 B e = Agaide Ui =t 4 b B

|

60 B SDC 19.6

I
=
T

i
Rl 30
L
g 20T
(%)

IR - S

B 411 e s kb T AR ELE B BB

()-22



50 ODc
WsDC 65.3 64.9

70.5 68.6

60 55.1 54.7

i 40 64.6 46

iR
L 40

6481

7

(%)

4 5 6 7 8
ESRIARRLE S
B 412 A& d 5 b o B RERE K ot B R

|
i 1

(P+)-23



& Major Pollution Sources wholeyear averape concenirationippib)

36 29 2114 07 O

BA4l3 1 ¥ % 74 A B> THERE

(1)-24



[] External Pollution Sources wholeyear average concenirationippb)

17141007 03 0

Bl4ld Rt 54 maffiz 28 22 TmkRE

(1)-25



& Major Pollution Sources wholeyear average concentration(ppb)
[] External Pollution Sources

21T ACMN 3G 20 21 14 07 D

BA4LICEREREFEIET>AETHBERR ¢ Bk

Rl

(1)-26



e 1 ‘fiif'ﬁf’sﬁﬁ m&_@_;/?]«éu?}@l j%?v?ﬁijl@/v\fﬁﬁ”ﬁﬁfﬂ ’
BT R AFLETER e TERARE RS BB FIELT RS S OE
BIFH - BB RRNPEETEEIPE REERFTHREE G F p

NI EFP B AR AT R

H
4»\\
5
5!

BHFAEEAT ENGE NS T LRETREEPELREEST SR >
TR EINEEREATR TR a Y EDRAFAEE e o REZFTLE
Fort BLBE R 0 MR SRR e XA A B R bR A AT
s BHCY 0 B R BT ST R
'

TS LRE T REET RPN B A o TR A

ARRE AT I B E RS TR ART L] e 2

ALY LR A R

1L AFTEFREA  IREZHAIER » TR GEFS TR
Yo M- EFAIAAE A S EABEH o d AT AT R
SR EE s B RS GREEELE T R R SR T 55 %
Do

2. F LRIk B R0k STIE T N RIsk g o £ Rl TIARIE IR E St b

BEWZ T R e L EE T 500 B TR S S e H L E S E B b
PR YRR ERZTRSET -

3. fdaFi  FEUERBERENT T ELZTET DT R
o W T b oo TR RPTE SRS o Dlde 0 RESN BE R

v 3 9iE 50% -

(7)1



T e
ARG ED
e R P
oo 2 KA

5.2 1

4
A
VAN

E T AR A AR A E A E e
LHRPFARBEER T 0B T BER 0 RS
AR BT 0% 84% 0 BALF Ptk Y1 ¥ e

ERlEREHI L RN DT RIEAE

ARF R AFE e T

1 fdArfigens % SBRLOPEET RV EEL R PP T kD
SdEEAs NP RESE SR Fp ARGz o F AR R
bl B FE oo

2. FFEFRFELE w0 GfeE & & B BT L - AR E R HehkR
Flpt o AFEHEEL RO Y B AL P REARRST
F o _uf‘;aa,'é;s_[i@w Mo

3. ERRAAZER PRI FAN O F AR FRYF TV TR
T ERMARE R MR AT AL e § T AR e R AR
RRAFERSATRRPERSOIES L LT T G TH e 0 A R

AFT PR E E UG E R AT

4. FHRP B JRA G2 PEEROL PR P T B AR i
ool gt BAL 0 SN AGTERATH BB A A TR LE A
e o

(51)-2



342 g

$5(1999) PEIEF® L 5 &FE RIRLEFE LT 4 (VOCs)
TRERANSE  PEIEFFILL
Aol ¥ 0 (2006) S R F S TERIEHA > 2T R

http://tagm.epa.gov.tw/emc/default.aspx?pid=b0101&cid=b0101 - 2005 &

91 H ~ o
IR 0 (2006) AL LR EBR F 2 L F ST E RIK S
KRR rHFRE

http://w3.epa.gov.tw/epalaw/search/LordiDispFull.aspx?ltype=04&Iname=

0062 > 2005 & 9 * & » o
f‘HTIPmI%\IH—%‘ (2006) b5 353 fgl} Sl _}:Tj;‘*‘\):m ®

http://w3.epa.gov.tw/epalaw/search/L-ordiDispFull.aspx?ltype=03&Iname=

0010 5 2005 & 9 * % »=o

W AR (1999) “HR g F A § 5 F Rkl RG] R AR
BB TR LT o

Pirde > (2001) “Z 5 SFEBE FAFBER G2 XAR B2
<~ EBRBI1EST TR LG Y o

SEAA 0 (2000)  “ L HY e R ZF ST EREALEERT H2 Y
BAERBR IS LG o

B4 2 5(1999)0 “#4 > ISC3 ## MESOPUFFII 2 1 £ % % § & 1 & iflak 4
BEARMEALAF F2RUEUSAFRBEI/FLTHRLIHGT o

Frovd ik > (2001) #3703 2 BM L RER 25 2 2 EY PRI ER
TRz Rz FEAFE L.


http://taqm.epa.gov.tw/emc/default.aspx?pid=b0101&cid=b0101
http://w3.epa.gov.tw/epalaw/search/LordiDispFull.aspx?ltype=04&lname=0062
http://w3.epa.gov.tw/epalaw/search/LordiDispFull.aspx?ltype=04&lname=0062
http://w3.epa.gov.tw/epalaw/search/LordiDispFull.aspx?ltype=03&lname=0010
http://w3.epa.gov.tw/epalaw/search/LordiDispFull.aspx?ltype=03&lname=0010

PR (1991) " 6 B 5 f & FE AR RIILH R 0 5 A
FO AP e B 543852 F 0 S¢ s {E P #4

5
Firee
> (

\_

1997)  “1 ¥ % 3§ &FFERBREI PR 2~ &
HBBIEFTTHLGBT o

FEH IS HEF(1997) B REFETER A2 VRT ¥ e BEF
Fi ARt g she B B 759765 F 0 59 Rz @A g
;’a;'; o

Arbeloa. F. J. S., Perez C. C. and Latorre A. P. M. (1993). “Air Quality
Monitoring: Optimization of a Network around a Hypothetical Potash Plant
in open Countryside.” Atmospheric Environment, Vol. 27, pp. 729-738.

Baldauf, R. W., Lane D. D., Marotz, G. A.;>Barkman, H. W. and Pierce, T.
(2002). “Application of -a risk assessment based approach to designing
ambient air quality monitoring-networks for evaluating non-cancer health
impacts.” Environment Monitoring and-Assessment , Vol. 78, pp. 213-227.

Baldauf, R.W., Wiener, R. W. and Heist, D. K. (2002). “Methodology for Siting
Ambient Air Monitors at Neighborhood Scale.” Journal of the Air and
Waste Management Association, Vol. 52, pp. 1433-1442.

Calori, G, Finzi, G. and Tonezzer, C. (1994). “A Decision-Support System For
Air-Quality Network Design.” Environmental Monitoring and Assessment,
\ol. 33, pp. 101-114.

Carty, C.L., Gehring, U., Cyrus, J.,Bischof, W. and Heinrich, J. (2003).
“Seasonal variability of endotoxin in ambient fine particulate mater.”

Journal of Environmental Monitoring, Vol. 5, pp. 953-958.



Chang N. B. and Tseng C. C. (1999). “Optimal design of a multi-pollutant air
quality monitoring network in a metropolitan region using Kaohsiung,
Taiwan as an example.” Environmental Monitoring and Assessment, Vol. 57,
pp. 121~148.

Clench-Aas, J., Bartonova, A., Bohler, T., Gronskei, K. E., Sivertsen, B. and
Larssen, S. (1999). “Air pollution exposure monitoring and estimating part |
integrated air quality monitoring system.” Journal of Environmental
Monitoring, Vol. 1, pp. 313-3109.

Chiang P. C. , Chang E. E. , Chang T. C. and Chiang H. L. (2005). “Seasonal
Source-Receptor Relationships in a Petrochemical Industrial District over
Northern Taiwan.” Journal of the Air and Waste Management Association,
\ol. 55, pp. 326-341.

Day, D. E., Malm, W. C. and Kreidenweis, S.. M, (1997). “Seasonal Variations
in Aerosol Composition -andiAcidity-at Shenandoah and Great Smoky
Mountains National Parks.”Journal of the Air and Waste Management
Association, Vol. 47, pp. 411-418.

Demerjian, K. L. (2000). “A review of national monitoring networks in North
America.” Atmospheric Environment, Vol. 34, pp. 1861-1884.

Glen, W. G, Zelenka, M. P, and Graham, R. C. (1996). “Relating
Meteorological Variables and Trends in Motor Vehicle Emissions to
Monthly Urban Carbon Monoxide Concentrations.”  Atmospheric
Environment, Vol. 30, pp. 4225-4232.

Hoek G. , Mennen, M. G,, Allen, G. A., Hofschreuder, P. and Meulen , T. V. D.
(1996). “Concentrations of Acid Air Pollutants in the Netherlands.”

Atmospheric Environments, Vol. 30 , pp. 3141-3150.



Kao, J. J. and Hsieh, M. R. (2006). “Utilizing multiobjective analysis to
determine an air quality monitoring network in an industrial district.”
Atmospheric Environment, Vol. 40 , pp. 1092-1103.

Kao, J. J. and Bau, S. F. (1996). “Risk analysis for flow duration curve based
seasonal discharge management programs.” Water Research, Vol. 30,
pp. 1369-1376.

Lalas, D. P., Veirs, V. R., Karras, G, Kallos, G . (1982). “An analysis of the
SO2 concentration levels in Athens, Greece.” Atmospheric Environment,
\ol. 16, pp. 531-544.

Langstaff, J., Seigneur, C. and Liu, M. K. (1987). “Design of an optimum air
monitoring network for exposure assessments.” Atmospheric Environment,
\ol. 21, pp. 1393-1410.

Modak, P. M. (1985). “ Optimization of Ambient-Air Quality Monitoring
Networks (Part 1) . ” Environmental- Monitorihg and Assessment, \ol. 5, pp.
1-19.

Noll, K. E., Miller, T. L., Norco, J. E. and Raufer, R. K. (1977). “An Objective
Air Monitoring Site Selection Methodology for Large Point Sources.”

Atmospheric Environment, Vol. 11, pp. 1051-1059.

Noll, K. E.and Mitsutomi, S. (1983). “Design Methodology for Optimum
Dosage Air Monitoring Site Selection.” Atmospheric Environment, Vol.17,

pp. 2583-2590.

Philip, L. H. (1979). “Meteorological and Climatological Factors Affecting

Denver Air Quality.” Atmospheric Environment, Vol. 13, pp. 79-85.



Pittau, M.G., Romano, D.,Cirillo, M.C. and Coppi, R. (1999). “An optimal
design for air pollution monitoring network.” Environmetrics, Vol. 10, pp.
351-360.

Seaman, N. L. (1999). “Meteorological modeling for air-quality assessments.”
Atmospheric Environment, Vol. 34, pp. 2231-2259.

Shirvaikar, V. V., Kapoor, K. K., and Sharma, L. W. (1969). “A finite plume
model based on wind persistence [sic] for use in environmental dose
evaluation.” Atmospheric Environment, Vol. 3, pp. 145-156.

Singer, 1. A., and Nagel, C. M. (1970). “Variability of wind direction within the
United States.” Nucl. Safety, Vol.11, pp. 34-39.

U.S. EPA (1995) User’s Guide for the Industrial Source Complex. (ISC3).
Dispersion Models Vol. |I. EPA-454/B-95-0003a, Research Triangle Park,
NC.

U.S. EPA (1999) “ The Ambient Air Monitor, Program.”
http://www.epa.gov/ora/oagps/ga/monprog.html.

Wayne, R. O. (1977). “ Development of Criteria for Siting Air Monitoring
Stations.” Journal of the Air Pollution Control Association, Vol. 27, pp.
543-547.

Ziomas, I. C., Melas, D., Zereros, C. S., and Bais, A. F. (1995). “Forecasting

Peak Pollutant Levels from Meteorological Variables.” Atmospheric

Environment, Vol. 29, pp. 3703-3711.



- BR AR R TR bR R0

& 11 ®%p ?[f& Wb B RERE S (BrbET PN )

ERAR Y Slalh S iE 2k bl i
Brbi=5 148 ~ 171 ~ 173 ~ 176 ~ 193
BrbB=6 148 ~ 171~ 173 ~ 176 ~ 193 ~ 195
Brb=T 148 ~ 151 ~ 171 ~ 173 ~ 176 ~ 193 ~ 195
Brb=8 128 ~ 148 ~ 151 ~ 171 ~ 173 ~ 176 ~ 193 ~ 195

A L2 TRz s pa RPN ER W 6T 5

FpL R Wk R bl(%) 40 F AR Bld | B RIS S B
B 5 80.4 55.7
B 6 80.4 57.8
Mk T 80.2 54.8
k8 80.2 58.6

(1)1




& Major Pollution Sources
[] External Poliution Sournces
% 1C AQMN

wholeyear average concentration(ppk)

36 259 211407 O

B LLIC BEL S H1 ¥R 22 THEAH 1 Bt

(1#1)-2




*

0
X

Major Pollution Sources
External Pollution Sounces
IC AOMN

wholeyear average concenirationipgpi)

36 29 2114 07 D

B 12IC BELSH 1 ¥R 2 & THEAR = Bt

()3




*

Major Paollution Sources

[] External Pollution Sources

X

IS AWM

wholeyear average concenirationipgphb)

36 29 211407 D

R 1.31C iRiE %

AL RETIERR - B

(ti)-4




& Major Pollution Sources wholeyear average concenirationipgphb)
[] External Pollution Sources

XIS ACMN 3G 29 21 14 07 D

R 1AICRERSE 1 ¥R 2ETOERR ~ B

(45



	00_cover.doc
	00_Inner.doc
	01_abs.doc
	01_Eabs.doc
	01_致謝1.doc
	02_toc.doc
	03_tocf.doc
	03_toct.doc
	04_ch1.doc
	05_ch2_v3.doc
	06_ch3_v2.doc
	07_ch3_fig.doc
	08_ch4.doc
	09_ch4_fig_v3.doc
	10_ch5_v2.doc
	11_ref_v2.doc
	12_att1.doc

