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Abstract

The expansion of high-tech industry is the way to upgrade the product value in
many developing countries. In Taiwan, there are several science-based industrial
parks, which generate tremendous high value-added export products, meanwhile they
also may emit toxic substances into both air and water bodies. Some heavy metals are
commonly found in the ambient air near industrial parks like arsenic, cadmium and
lead, etc. This study conductes a survey program since Dec. 2007 to Mar. 2009, at the
Central Taiwan Science Park (CTSP) in Taiwan. The types of CTSP industry include
flat glass, aerospace, precision machinery, optoelectronics, semiconductor and other
strategic research and development laboratories. This project allocates the sampling
sites which cover the upstream and downstream of the emission sources according to
the wind directions. The atmospheric particulate is collected through a PM;( high
volume air sampler with quartz filter under the initial air flow rate of 1,132 L min”
for 24 hours. The digested filter samples were analyzed by either flame or graphite
type furnace of atomic absorption spectrophotometer.

First, this study is aiming at the distribution of ambient particulates (PM, s and
PM,p) and heavy metal component from the science-based park. Then use Principal
Component Analysis (PCA) to find out the possible source. The ISCST3 (Industrial
Source Complex Short Term 3 Model ) and AERMOD (AMS/EPA REGULATORY
MODEL) models were adapted to simulate the heavy metal dispersion phenomena.
Besides, this study also use the risk characterization to evaluate the risk level to the
human beings.

The observed particle concentration, compared with reference, which indicates
the particle becomes more and more small. It will be harmful to human bodies while
the heavy metal concentration, which tends to be less than previous years due to the

heavy economic recession since 2008. The study adapts PCA to category the possible
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pollution sources and based upon either the north and south wind seasons. The
pollution sources on upward mostly were crustal elements and industrial processes,
while the pollution sources at downward are mostly found from high-tech industry,
industrials and vehicular emission. The simulation by ISCST3 model is too
conservative to estimate and it is over-predicted than the measured. On the other hand,
the AERMOD model obtains more close data to the measurement concentrations due
to its inside framework. The risk characterization finds the hazard index and

carcinogenic ratio is still far below limitation.
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Fig.1.1 Approved disposition diagram CTSP Taichung park
(Sept. 1st, 2008)
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Fig.2.2 AERMOD model process flowchart
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Fig.2.3 The three plume model for AERMOD under the convective

conditions
(F#L &R : AERMOD: description of model formulation)
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2.5.1 Pasquill & & 2| %72

d Pasquill »* 1961 & #73% &) > ﬂ? Hof fBd i Bz Al
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PR R FIEE PR E R >t B Table 2.3 752 2 80 X 7F & chit R

BiaRi® B9 X3 ANA LR RGP ASER N TN RE
cos Z = sin ¢ sin 6 + cos ¢ cos b cos h (3% 2.10)
VARSI S

G Rl R
h : hour angle = (n/12)x(hr- 12)

hr @ ELPPE R
o =[5 M4 & (Solar declination)
8= ¢ x (n/180)sin [30(mon— 1)+ d- 81)( 1/180)] (% 2.11)

mon ~d~hr A 5 E S0 >(1~12) ~ p #H(1~31) ~ /] FF 5 (1~24)

S

Axis of Rotation
Zenith

Fig.2.4 The relationship among the latitude (¢) the sun angle (6) and the
zenith angle (Z) (McRae, 1981)
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Table 2.2 Pasquill stability categorization (Seinfeld, 1986)

o b i P ¥ #5 %4 (Insolation) )
Speed(m/s) 5 (Strong) v 33 (Slight)y 2 &>=4/8 Z ¥<=3/8
(10m) (Moderate)
<2 A A-B B F F
3 A-B B C E F
B B-C C D E
5 C C-D D D D
>6 C D D D D

Table 2.3 Daytime insolation strength cross reference (Seinfeld, 1986)

ZE %7 & (Z)
(Opaque or Total) A>60° 35°<A<60° 15°<A<35°
Z ¥<=4/8 5 4 33
5/8<Z £ <=7/8 ¢ 33 33
Z £<7/8 33 33 33

2.5.2 Monin-Obukhov Length (£ ®# /7 % & &)

EHEA R RS R A REA S E N k- ER LS ¥ L B
MR- NI LA i’c@%*é{?mfiﬁfilﬁ%L7 TAEA T 0 % LABetn
faErlipE o, A& —kﬁﬁ"‘«;?c’ 'l”*ﬁw,@ »E L 504 —kﬁ;;%_;* kAR f
R AR 0 B 2 A AR 2.12) ¢
3

L=——"— (N 2.12)

89

aopocp

HY v Boar 2R - (deg.K)

Co s aBE F v # o (996(m*/(s°K))
poir¥ Az F %A (kg/md)

g AEA iR e (m/s°)
Uk EEER - (m/s)
Hiv g4l £ o (w/m?)

-

Monin-Obukhov Length j# A * + 3 g I|fekd i 2 32 fng‘ F]+ Golder (1972)F1
* 7o % 1/L @ #Pasquill # %57 A~F = BT R & &2 B 254 > 4o Fig.2.5 #1

Jn ©°
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Fig.2.5 The relationship between 1/L and the stability under the

conditions of different ground surface coarseness (Z,) (Seinfeld, 1986)

% % F 5 I7 4% 7k & (Unstable condition) » £ & ¥ 3 £ w» + B3R (H>0) > &
EBFAER L P2 4 { #Rh AR T HS HE R & (Convective boundary
layer) » gt~ F R {0 #HACE 5 B 5 AR T~ § sk i (Stable condition)T » #
Bo gz i QEMHO0) & 10> 24 f- BARELEGE T2 EHIE A
g R ettt AR g AAEL ;%H 0 %frﬂ’%‘??}"'l“’f#ﬁi
(Neutral condition) > 7t L—oo» Fl¢ B« F IR T § R DL L T+ A5
30 ZF A EfoRicE P AR IR PP -

26 REEBRYY
R & K % & (Mixing Height) ¥ 5 =+ ﬁ?i%?}éﬁ(BoundaryLayer)i%Ei o frdp &
FR?P XD e FERER AL MFRTINRE B ZIFA - RERBR T F
/‘541 Y - BAEE NS d AR SRR E PRk
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Fig.2.6 The mixing height acquired through Holzworth method

(http://www.agmc.org.tw/)
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ARFLREFITAAM R FAA R R bP o ALY B G AE
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32 F R FRR ALY

Fig.3.1 For cases like northeast bound wind in the winter, Taya is located
about 2~3 km (windward location) away from the CTSP northeast
direction. THU is the same and located about 2~3 km (downwind
location) away from the CTSP southwest direction. FG locates
between CTSP and TIP, near THU. PU is located at the northwest
direction which is a sampling point farther from CTSP (Papago,
R17)
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Table 3.1 From the meteorological data gathered by Central Weather Bureau
(Wuchi station) and EPA (Si-Tun station), it includes temperature,
relative humidity, prevailing wind direction and wind speed for all

research sampling dates (2008~2009)

Date Temperature Relative Prevailing Wind speed
(°O) Humidity (%) Wind Direction (m/s)
2008/01/09 21.8 75 NE 4.5
2008/04/15 25.4 71 NNW 39
2008/04/16 27.2 67 NW 1.2
2008/04/22 26.7 69 NNW 5.0
2008/04/24 20.1 66 ENE 4.2
2008/09/03 27.5 81 ENE 1.0
2008/09/09 29.3 72 NW 1.4
2008/09/10 29.7 72 NNW 1.3
2008/10/02 26.0 74 NW 1.5
2008/10/03 27.5 77 NNW 1.4
2008/10/08 27.1 75 N 1.0
2008/10/13 25.7 71 NW 1.6
2008/10/14 26 76 NW 1.9
2008/10/28 25.7 75 NNW 1.2
2008/10/29 26.5 73 N 1.0
2008/11/05 26.9 81 NW 1.5
2008/11/11 19.9 70 NNE 3.0
2008/11/13 21.4 74 NNE 1.6
2009/02/03 25.3 79 NW 1.3
2009/02/25 30.6 75 NW 1.4
2009/02/26 29.4 75 NW 2.1
2009/03/03 23.3 75 WNW 23
2009/03/04 28.3 74 NE 1.8
2009/03/11 24.7 85 NW 1.6
2009/03/12 26.9 82 WNW 1.2
2008/08/26 29.2 69 WSW 1.6
2008/11/12 20.8 67 ESE 1.2

Table 3.1 5 HRH R S ¢ 2 H2 §F %74 > ¢ 7 THERCC) ~ b i#(m/s)
TR w2 AR (D)o RFET 2T F FEIEIER Y L F % A ()
forh F% (F 4 b)) o
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KF plcdpdgr > T30k 2 fp4HRAE £ f 4301.0~5.0 m/s ~ 66~85 % > @
T R FEA19.9-306°Co s Bhb v bt FI LML L Fiab 2 4 F
ARh2ZREFREEFRRZBES ©

320 F d B

AL EHH R 0 Y NP ERR LAY L F ST RGBT

PR BB ET F 2 L % (2008) 0 122005 RS G F fRIE 2 AR
T R 2EHFZF ETHEL AL IF ST L 6 2
THERTERAERA SN FRGEERE 0 5 AERMET§ $ % AJZ H050 97 i Al

g > H g B 4oFig 3.2 7 o

Lo TR R 2 PR H A
L 3 L
5 A A A5 248 40
(HILIS W) (FSL)
| I
b P Aok B
AERMET
S
H B AT

r

Surfile Profile

Fig.3.2 AERMOD meteorological information processing procedure
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322 AERMET § % % AJ® 5% 2 38 1

AERMETAJE 7 % 421 & &4 2 3B I8 & (IcFig.3.3477 ) 2 2B R F % =

31 P B BRI o § 1B ﬁﬁ, 5 STAGEIN2.exe @ * >t By ot H 2 7
ER(FIFFE)M R Sy £ 6P| 1B H 24 | v~ BR(F21F ) 521
# 74 5 STAGE3.exe » #-2 mﬁjmﬁtﬁi 4 % AERMOD*f % i m%] » Y (R
F)eamrEmpR el IR AH FeFELEZ]IRI %]%7}%
(STAGEIN2.inp » STAGE3.inp) % #_% AERMET #-#{ {7 vR 4t F £ e903F ; o p b
AERMET #7455 & @ = #%-STAGEIN2.exe ~ STAGE3.exeiz2 B #4174 & & 5 1
B3 ﬁ;AERMET.exe °

F-ER N ARER\  REma\
.' STAGEINLexe -, ['STAGEE}{ZJ:.\'-:‘.I [ STAGE3zxe |
Rudban o [WRORER| | dkEkAR) | |

Nis HEH L Surfle
| _—

msn | mesnun| oo || || SO0

Awg | BRE || RanEp Il

|
e N HARABIR { ol

CEE gagag | || |

Fig.3.3 Flow chart for AERMET processing data
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33 h&EHFERFERE

ArF S F Akt & W FRIRNIEA A305. 11C & #7 3 #% & 8 # * PMj, high
volume air samplerimfc & » 75 & W FH E24- 0 a7 0 2104 BigBce 5 BF
Fladia o 4 o ER|EIPR § 35—1#”% B S o BT BRI
£73 9B HRERPD :té?—i#”ﬁ? o FIpt > MR S5 851 o

Fig.3.4 5 *# 7 2 # & EPM¢ high volume air sampler (Particulate matter 10
microns and less High volume air sampler, Tisch Environmental, Inc., TE-6070 High
Volume MFC ) » * % fc & % i PMyo » PMas o % 5 £ B 2 7 3 i (2500 QAT-UP,
Gelman Science, USA) Rk jx f ~ F feh o @ 474380032 5 9 5 1,132 L/min o

(b)

Fig.3.4 PMyy high volume air sampler, Tisch Environmental, Inc.,
TE-6070 High Volume MFC, (a) shape (b) internal structure : the filter

of 10pm and 2.5pum
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34 A 45H

ZAAYHE I (DiRAERLE Qi FP 3)&HA 1T o Table 325 *
R - RS

Table 3.2 The Heavy metal of PM;y and PM, s .Collection Procedure
L TR IR A
F g A
1. BT Adp ¥R A 5085% > B B 25+5°C ey F iR a7 30 24 ) P
FE TR G R R
1L Bt 3% e (NIEA A305. 11C)
. HFHR&KE o 1,132 L/min (40 cfm) & & 24 /] pF
2. T BB R
III. 4 &4~ (NIEAA301. 11C)
A. iﬂ' it
R AR RET R 12FEEAS L)
2. B¥ L ipH P 2 - F A H,
3. 3y A
4. FI* Az @R 31 B2 3D KB
5. 4c#t 3 95°C %% 2 P
B. £BiER A 47
J B Rtk &E 1 3D K ﬁrﬁi 100 = 2
2. £ 12 FAAS 2 GFAAS »¥1Hk &a k2 BER

3.4.0 R AgE AR

FE %i§%§#ﬁ§%"ﬂ)§50+5 Do~ 8 R25+5°Ceg F 2B 47 24/ FFe % {5 »
B BB (8 2 Jp A B g E 20 44818 (resealable bag)® 1 I fE 5 2 i

iF o

=

342 RERD

XFHDE GRS TR RE R B E % EHigh Volume Air Samplers 2.
# (v £ (Tisch Environmental, Inc. }%%) 3577 *FEHPM 0T F R B2 E
¥ &+ » % 14 Tisch Environmental, Inc. 3! %2 “'] 5. ORIFICE & & % (Toll Free
I-TSP-AND-PM10) 74t « & # %
LM AR FEPMZ F B Wuﬁ SR =S



B AEHRPT > ¥ ORIFICEZ R & i BE gz =% -

KRR AR

B A EREFHETREME -

AERF AR kA RR F il PRI BRE > TR
P2okhF A

6. EAFH IS MBS il 2 F B BHHS LAPF TR TR FRET FE
i B SRS S -

7. A BRS 1% BR6 ATIB 2 dicl o F i fF W AL 5 H-OT (8 2 0 8 Tisch
Environmental, Inc. #73% &2 kK23 R L B 2 /pM & MBI $ &3R4 F
BB R 2 MY RB o B2 SPMeit B R -

A

343 i Fe

PR > AR RENTFERHY FRUIPFLEE L LS
= i * T (TB 215D, Denver, Germany) k =& o 2_ {5 Rjg M1 77 22 512
FLOCBHAPIZREEAN T A G E65%% LR 3T %% B L= v - L
GIUR &S FED L - 42 B AT 44 £ B 4820 B (Hot Block Model SC 150,
USA, 4Fig.3.5) m A5 B s dig i i £ % 1.2um 73 4 ik
(Whatman Cat No. 1822 047) % 3D-k ﬁ%‘ﬁ Wi T 100 ml o %= = gt 3 R fs > WE K
sm i 1 R R 3 ek 3 & (Atomic Absorption Spectrophotometer, AAS)iE {7
&7 e

Fig.3.5 Flat platform heater (Hot Block Model SC 150, USA).
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344 2R A

- A P

PR E 2 £ F F RS sy k3 R (Z-5000, Hitachi, Japan)ig 7 A
oo MR ek kS $AMD - 5 Vi

U F ook R(FAAS) ~ ¥ - &
T RN R Tk R(GFAAS) e AFT 5 ¥ o 4~ 4T ~ gEfedd B0 LG50 koA 4

R~ B S AR~ A~ &R AR eAR R U £ & S (NIEA A30L. 11C) % s 45 © Fig.3.6
% Polarized-Zeeman Hitachi Atomic Absorption Spectrophotometer °

Fig.3.6 Polarized-Zeeman Atomic Absorption Spectrophotometer

(Z-5000, Hitachi, Japan). It is comprised of two parts :

Flame
Atomic Absorption Spectrometry (FAAS), and Graphite Furnace

Atomic Absorption Spectrometer (GFAAS).

-28 -



35 Mz £ BERVE

3.5.1 Bk R

AR R TR AP R AR R o B3 E gD T AR
B ok =AW /552 31 1,000,000 (3% 3.1)
%51 € =(Q1+Q2)/2%1,440 (% 3.2)

FP2Z AW R g x Terfedi2 S EFE W E

Qi (m’/sec) 5 4 $h30 #717 2 in

£
Q> (m’/sec) % B4 15 #r @2 in & >

352 £ BikR

ERER TG 33)ARE S P RATF kBB 2 £ BIER -
£ £ kB = Conc. (ng/m” or pg/m’) x N x100/:8,7% 51 & (74 3.3)
S
Conc. 5 B3 ok R TRE2ZER »
NZoradlz & e, M I2%48 53 o

3.6 QA/QC

SRR R RS TARG- I 1B % RAERF Bk NS T2 R i
i rrlt > BEF REG DT RR -

ARG 2 S H i ¢ 457 % §RHEPA(MDL) ~ % 6 4R % % jeF o MDLAE_*
KR T EBERZEMERS R NI* 2 E4FRAERIINBLEBERETA
e Table335 &8 & fp2 MDLIE » 5 6 44k LS B oh 2 S0 hiiRTks ¥ ¥
BH-HFRAF LLFERKRF SRR > VHEERE P2
AT H 23 o B AT B R R A L 2474010 L dicdidetk 5 6 B0
FoTig AL FRRME LR LZFRE Rtz Ao e AR Ry
Ak A REANFRR TP R VBN E RN R T R Tk R A
A R A E o Bt AT 2 £ e S 3080~125% 0 2F BiTIR A
100% 3 ~ ¥ Jc % & o

AT A W RHEIMDL) ~ 6 R E v e 4G ARR Y  F A
FHERAEES 2
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Table 3.3 The 11 metals’ QA/QC data of Method Detection Limit (MDL)

AAS . . Method Detection Limit Detection Limit*
Chemical Species 3
type (MDL)(mg/L) (pg/m’)
FAAS Iron Fe 17.00 2.27
FAAS Magnesium Mg 0.36 0.05
FAAS Calcium Ca 11.00 1.47
FAAS Zinc Zn 4.60 0.62
AAS . . Method Detection Limit Detection Limit*
Chemical Species 3
type (MDL)(ug/L) (ng/m’)
GFAAS Lead Pb 17.00 2.27
GFAAS  Chromium Cr 0.54 0.07
GFAAS Cadmium Cd 6.00 0.80
GFAAS Copper Cu 13.00 1.73
GFAAS  Manganese Mn 11.00 1.47
GFAAS Arsenic As 3.00 0.40
GFAAS Nickel Ni 13.00 1.73

FAAS: Flame Atomic Absorption Spectrophotometer.
GFAAS: Graphite Furnace Atomic Absorption Spectrophotometer.
*The date of analysis: 2008/01/08

¥ £k B = Conc. (ng/m’ or pg/m’) x N x100/44, 7% 31 £
;3¢ 2 Cone. 5 RFafok#k rRkEZER >
Nz#Adlz hfc, 128453

3.7 A 3L L+452(PCA)

SRR O RAERG A RRT A A 2 - LA AT - SR
A& s A ool RFERRAE AT R R A HEE HOE R AU o~ % $-Hc
2O icEyy o P RAOOR R MBS AR A - B E T 2 2R T
R e R A KR T L B AT E P RERESE Y T o A
g Laniiitz > A28 153PCA) Rk d x FREGTV 253
izﬁﬁwu""f gz th A A s RO kR ﬁ’f‘?—%&;ﬁ‘ﬁ&% ARPERL &R
4 = > 4 47 ( Principal component analysis, PCA )i & & $18 £ § # L § & 0

5 %Lilﬁl??[g%ﬂi C R F BT RS kR SRR (Normahzed) f“Lﬂ%éﬁ'#B i
s (Correlation Matrix ) q_ﬁgﬁrhs\ B ool FlF g FaEL Y AT LS
E PSR R TS ofp M Gl TED L SR FS eSS el S ik
AT R LA R TS s -,4@;),%7??)]%1;\ o -f""‘ AT FF P £ R B AT B3EAp
B Tkl 3 4% % 0.7 11+ endici® (Hooper et al., 1978) » 7= 3 P~0.5 (Thurston er al.,
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1985) 0.3 (Wolff et al., 1985) chiic® 5 B0 A5 $HF et g3
AP A A TS Ap B gTRL R T $$%T:

Ff eS0T K ARG B RARM S - 4 N
Fl+ A B4 307~0.5 K ARG Y RAPM T - A F R FS
FF f A 4200.5~0.3 F A ZIERAPM TS - A A ES

IWMFF R Ear AN RIFTEH- S5 ﬂ—* K 'W’FLE”’ M BT o AT
T2 A = A A F0 Bt g 1 Statistical Package for Social Science (SPSS;
Windows version 10.0).#7#L 3! o

38 F AR R PRI AW AL 2R

—ﬂirﬁ; v R ﬁ-’?»ﬂfﬂm@%]g;: Bk R AR REY £ 3

BRI F AR GRS LR AR aﬁiwﬁuv&:ﬁuqz it %gﬁé‘z?p&é%ﬁﬂ
s 4#7'/};;}*21 o Fp it T F w%"%ﬁ—;'ﬁfﬁs—%&ﬁ FHBIRF B AT
’}»‘—15{1 T PR R (1998)2 T3 F SRR R | P 0 AL
BALE A L T A Fs?_ah«ﬂ/ A5 Fep A o

ri‘ﬂ,%%y BRI %ﬁ%’tlk-ﬁ o

THES AER RV F R

TAFSEE A 0 S E AL R € AL fg-ﬂ’l o

R e N P J‘uj*uié J‘ué‘:ﬁﬁ—%&& S AR T fR R
fo & BB R cn ] k2 By AR A8 NP E R R RS R o A R
Bl )@ feer § -T2 §F S HN L3870 ) ek P ATHR 00 2 $200m 3
13 A5 (terr200m) > A5 FAL LS UTMAH » & 5 - 4 % 200x200 m 4p 4 fis
A5 % ARE 0 B AET Y ,f*ﬁ“ d ArcView ~ Surfer 8 ~ Global Mapper 9 > % #c 48§ %

%5 A F AR (AoFig 3. 795 ) o # b it L% ~ FIMYSQL 7 PR BAL » i i -

# & E ”Lr%s-#ggmgsaﬁ VI AFT T G B (4rFig 3.8 5% ) 0 AiE eike A5 5 AF R A
& 1E % Bl 5 UTM & & 4 §219,500 % 22,500 ~ #* §E£2,660,000 % 2,690,000 (50x50 km)
g A5 B AR T AL o B R-F AL * #t #8 Transform ¢ ﬁSurfer Qi (7 o I B et

B2 R R 2006200 me el i 55 - H S ) 5 S00XS00 e e
B AL 5 10,0004 o B i MR BN S R B T B AT 0 fie & ST BN
BAREE S WAt
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4.1 BiFace s
4.1.1 PM,5, PMy

CF RO ARG S KRG T 0 T g 5 A A

F 24 1 (primary)i3 % 47 ¥7 = =t (secondary)ii %4 c RAMF LRI L RP EF L
BB A o defb 2 A AR GRS VLR TR D el L?‘%%%@
2Ud 1 R RAROE Sl A 1 LR LS AR BRA
PR A A ok A IR 2 5um ) S RS AP AR L F P F RS ﬂ’L«Jf”q—
CEE A A Hopgr & 5 B¢ A 32.5um 2 ok o

AR FAAEEME I EY N LR G O 2 ¢ R
Ag e LA MOE L ERFBE S § 0 LAEZE & TS o ERIFHR T
SRS ER SRS E AR E A B S 'm—«k/‘ ¥ Ak (visible light)id & # B
z B iR § < WA P i%%ﬁib F S B B 2 MR ATS B AR K T
v R LR G M(F %A > 1986) -

Watson (1979) & %1979 & % £ 4875 LR T A 4 AT § BEID > 5 3k -
PR RES R 0 2 [I§J<c’ Bk XA LB A e f:\'«‘f'ﬂ ﬁ;ﬁ (geological material) ~
2 3@3\%].1 2 ¥z (motor vehicle exhaust) ~ B Tk £ 1+ %L % (residential coal
combustion) ~ 8 4= ¥4 3 (vegetative burning) ~ ~ # 51 ¥ £2% (wood smoke
emissions) ~ {8 4 ik R 2 (plant fragments) ~ 45 ~ 4% 1 ¥ 2 H v ahgh
TEA4 AR B E R EF (US. EPA, 1984) 5k it & o & F L 2 R
R0 1984 E 11 EL%?WEJ&,HTJ? ) I S N %L:m'lé\ ~20 =
B0 B¢ 284 &2 Watson chA #5407 o 24 IE FALRE b PES LR R i BE Bk an
fegeil (F 8 /2 22.5-10 im2 ) 2 s (F 3 /20 225 um) T

PP ATE(1999)* F 30 ¢ T ik A LA B RILHACR S 4z 4P B EER
31 7 A PMos #3447 % % #ic (scattering coefficient) 2. F }*Jé € 5913% > # ¢
OXHWWmfﬁﬁﬁ(%%&~{%&mW@’¢%%“M£ £71.6% - 5 4p ¥t
ﬁ&ﬁ*wﬂmw8m%%?’%%&Lxﬁ%ﬂ&€FW%%“%ﬁ”°%%
o e i S I ) o R R SR il R A Y I ¥ e
flddo gttt d SN R A o BN LR 2 F RS G R A A%
FARRIE P EFTERIITAMF R EAF Y AR E2 KA E RTF] .

¥ F 455200605 PMas 2 PMoso ff 1§ i £ IR ¢ dp o ¥ gna
TANE BEPEEE RN G S G 04 7 > Blek PMys/PM gt % % 3 0.5 -
9T R BB E kL4007 B 4 F RS AGRIS ik b A
4v Table 4.1 #7751 o
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Table 4.1 Suspended particle average mass concentration and PM, s/PM; ratio

observed at Nantou and Wufong stations.

Samplin Samplin PM PM, 5. PM
pne prne > 2510 N PMys/PMyg
Period Point (ug/m”) (ng/m”) (ng/m”)

Nantou 60 49 110 0.6
4/03~4/09

Wufong 51 42 93 0.6

Nantou 52 17 68 0.7
9/14~9/21

Wufong 55 22 77 0.7

(% % > 2005)

H 2 Q002 & Y 1 FHAEAE A FRE R R ERRE
(PUF-Sampler) 4 %] & * % & g AT & " ¥ > @i #oft ¢ PAHs (p-PAHs) » *¢
2002 # 8 * 3 2003 &£ 3 % A P PFEFTE R 2 X 024 ) PEERER o S5d APREIE
g ‘L%&E-’r BB ¥ 4p PAHs fort F 0 RSkt chPAHs 2 kR 7 B ¥
40 B 1 o H fiok 3k 4e Table 4.2 #751 o

Table 4.2 Average monthly mass concentrations of PM; s, PM; 5.1 and PM;

during sampling period at the farm sampling site.

: . PM; 5 PMa5.10 PMio
Sampling Period 3 3 3 PM, s/PM
(ng/m’) (ng/m’) (ng/m”)

January, 2002 35.5 21.6 57.1 0.63

February, 2002 42.4 18.2 60.6 0.69

March, 2002 52.1 17.3 69.3 0.73

April, 2002 41.4 20.6 62 0.68

Ave. 42.8 19.4 62.2 0.68

(1 5 F - 2002)
AORFT P Ot bR S EE (5 0 ST18 2 Bicdhde Table 4.3 SR o AT g
0 PMys/PMig (% 0.5 744+ § P L B i 0.8~0.9 0 i+ fot o P AT
tp R sefe i 2 AR o Watson (1979) 2 8 Ef+ F @ 2 2B~ A T 40 &
B F #o 405 (Aerodynamic diameter) -] > 2.5um 2. ® ik H 4 p~E 2 3
B Al~Si~Ti~Fe~Zn~Pb $a% o 7 7 M7 § Mokl & 2-5um = FIp 54
WS sE S0 9 10960 TR A A 0 94 2030968 48 1 3 At
512 2um 20 Rk 0 ’Kz’tf [ERICAEN %‘«" ol BT SEd R R KT
WII 2P HAMAL BT e BET RS IVARE LG RpAET -
L 1996 # % W% i%% (EPA) # i 370 R 7IR 5 3‘;:;7&'»%*%ﬂig (NAAQS) i
dhdid ERESF LT PMys §HAHOREGSRE HESF Y (i
I PMys i ® 27 7 enE £ 4o Cu~Fe"Ni~VirZn HA Wigk T 25 kg
252 SRl % S PN SR G R pE N
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Table 4.3 Sampling data and information for this research and the ratios for

PM, s/PM;
, - PM,, PM, 5. PM
BHEDE  HEL > 20 O PM,s/PMy,
(pg/m’) (pg/m’) (pg/m’)

% 91.06 17.34 108.40  0.84
2008/04/15 ,

4 5 30.00 5.30 3530 085

% 113.02 11.18 12420 091
2008/04/16 )

4 5 56.27 9.93 66.20  0.85

% 71.85 71.85 14370 0.50
2008/04/22 )

4 5 88.75 14.45 10320  0.86

% 4 83.90 26.50 110.40  0.76
2008/04/24 )

4 5 25.30 68.40 93.70 027

sk 24.96 11.44 3640  0.69
2008/09/03 )

o 82.38 27.18 109.56  0.75

sk 38.74 30.79 69.71 056
2008/10/02 )

o 142.91 33.75 176.66  0.81

sk 118.37 40.65 159.02  0.74
2008/10/03 )

o 57.00 52.78 109.78  0.52

sk 71.38 36.22 107.60  0.66
2008/10/28 )

o 76.83 58.32 135.15  0.57

sk 66.28 27.39 93.67 071
2008/10/29 )

o 62.98 35.25 98.23  0.64

% 32.08 0.81 3289  0.98
2009/02/03 )

4 5 73.16 37.74 110.90  0.66

% 51.69 64.91 116.60  0.44
2009/02/25 )

4 5 39.86 26.76 66.62  0.60

i i i i i i
2009/02/26 )

4 5 44.57 30.42 7499  0.59

% 27.43 19.64 47.07 0.8
2009/03/03 )

4 5 12.92 12.15 2507  0.52

% 37.49 37.09 7458  0.50
2009/03/04 )

4 5 40.54 26.46 67.00 0.6l

% 48.47 20.27 68.74 071
2009/03/11 ,

4 5 65.34 20.59 8593  0.76

L b ] ] ] _
2009/03/12 ,

4 5 31.06 42.42 7348 042
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412 £LRS AT

SFERBY L AR FIRHIORRS LG G IR AN AR
K AT T EfoE s AR d R 2T A E e R AR 2R
ARD FEEFFARSRFRIME P ERREREN S REFF A
0.01-0.1um 2 » {3 ¥ & @ps ol & 3 AR AL FR A + 4% 2 K
R MERF P2 EEHEAFOTRRS A G 0 Gereda ¥ (2000) ¥ 4 Ak
KPR A FRA NS EHAE A G R055um Fl2 okt o ¥ ok B
PR A ’fi/*ﬁ’fi o R ol b B R IRR AR 0 A § MO LT 000
0.5ump¥ > 3 § 73 4 i3k % (4-ESP > Baghouse) ¢ 7 & e rp 2 o

SEE (1994) &4 b orerigend £ AT F R 0 As~ Cu~ Pb~
Zn ik B SEHCRAIEH ¢ 7 ol PR R RE 2 &6 RE FEA
A F e o 2% (1997) P HFR 0 BiE5 %k (do1 £0F ) #ocz i
B b PRl 25umE A0 @ T AR ¢ 2 F & Bt T ] 2 2.5um 2
Mok s T3 5 d 2§ FABIGREI R RE PE LB EFR G R
% ﬂ: ¢ oo

Fig4.1#2Table 445 A= 3 i {727 E £ hp~% » %A S As~Cd~ Cu~
Pb~Ni~Mn-~Cre d E%]%l*{:'i CITERANASELE BT REF G T EARR > 4o
T4 BAs B3 ¥ - RRINFE o B o R E S 21.26~2.32ng/m’; &g b
i$%%3%‘M’@“ﬁé§ﬂf%ﬁoa%*%iML%&%%’—ﬁé

I EHBTET i BT
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Fig.4.1 Heavy metal sampling data information for this research
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Ni Con.c (PM10) Ni Con.c (PM2.5)
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Fig.4.1 Heavy metal sampling data information for this research (cont.)
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Table 4.4 Heavy metal sampling data information for this research

Speed 4.5m/s Direction NE

Date 2008.01.09
PM,¢(ng/m’) THU Taya  Trend PM,s(ng/m’) THU Taya  Trend
As 21.6 13.3 + As 3.67 1.34 +
Cd 4.17 2.81 + Cd 1.22 0.46 +
Cu 43 38.2 + Cu 21.7 14.2 +
Pb 61 45.4 + Pb 14.5 11.6 +
Ni 14.8 10.5 + Ni 8.04 2.85 +
Mn 10.6 10.7 - Mn 5.32 5.32 -
Cr 9.16 4.93 + Cr 6.04 2.35 +
Fe 0.98 0.51 + Fe 0.92 0.44 +
Mg 0.32 0.29 + Mg 0.3 0.17 +
Ca 0.98 0.66 + Ca 0.92 0.52 +
Zn 0.75 0.59 + Zn 0.32 0.16 +
Speed 3.9m/s Direction NNW

Date 2008.04.15
PM 10(ng/m3 ) THU Taya Trend PM2,5(ng/m3 ) THU  Taya Trend
As 2.08 0.96 + As 0.55 0.53 -
Cd 3.99 0.62 + Cd 1.75 0.45 +
Cu 39.14  12.22 + Cu 17.77 7.2 +
Pb 20.42 9.23 + Pb 8.58 6.27 +
Ni 7.86 2.41 + Ni 3.18 1.67 +
Mn 26.39 5.46 + Mn 11.05 2.72 +
Cr 6.91 6.14 + Cr 3.7 2.66 +
Fe 0.32 0.15 + Fe 0.27 0.08 +
Mg 0.81 0.15 + Mg 0.66 0.08 +
Ca 0.9 0.3 + Ca 0.35 0.18 +
Zn 0.19 0.07 + Zn 0.07 0.03 +
Speed 1.2m/s Direction NW

Date 2008.04.16
PMlo(ng/m5 ) THU Taya Trend PM2,5(ng/m5 ) THU  Taya Trend
As 4 2.88 + As 1.64 1.12 +
Cd 4.75 4.49 + Cd 1.69 1.47 +
Cu 91.13 101.33 — Cu 60.04 65.49 —
Pb 43.33  35.13 + Pb 27.33  20.34 +
Ni 1349 12.67 + Ni 7.23 8.01 —
Mn 4148 37.26 + Mn 22.34 20.6 +
Cr 13.21  12.69 + Cr 9.16 9.13 -
Fe 1.5 1.79 — Fe 1.3 1.36 -
Mg 2.36 1.75 + Mg 2.11 1.56 +
Ca 1.23 1.18 + Ca 1.03 0.89 +
Zn 0.29 0.45 — Zn 0.16 0.29 —
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Table 4.4 Heavy metal sampling data information for this research (cont.)

Speed 5.0m/s Direction NNW

Date 2008.04.22
PM,¢(ng/m’) THU Taya Trend PM,s(ng/m’) THU Taya Trend
As 3.15 0.93 + As 1.2 0.56 +
Cd 3.65 0.66 + Cd 0.87 0.46 +
Cu 99.47  20.63 + Cu 58.53  12.07 +
Pb 30.16 9.95 + Pb 16.08 6.3 +
Ni 11.91 2.09 + Ni 6.21 1.42 +
Mn 36.11 7.39 + Mn 19.85 5.86 +
Cr 12.48 8.96 + Cr 7.73 6 +
Fe 1.86 0.1 + Fe 1.39 0.04 +
Mg 2.29 0.2 + Mg 1.96 0.13 +
Ca 1.07 0.43 + Ca 0.77 0.33 +
Zn 0.3 0.04 + Zn 0.15 0.02 +
Speed 4.2m/s Direction ENE

Date 2008.04.24
PM 10(ng/m3 ) THU Taya Trend PM2,5(ng/m3 ) THU  Taya Trend
As 6.63 4.04 + As 3.51 3.66 —
Cd 7.78 4.49 + Cd 4.16 4.23 —
Cu 88.86  64.66 + Cu 61.57 56.09 +
Pb 102.97 14.38 + Pb 73 11.12 +
Ni 10.04 6.04 + Ni 5.15 5.47 —
Mn 3443 2527 + Mn 1897 19.04 —
Cr 15.46 9.37 + Cr 11.6 6.01 +
Fe 2.43 0.75 + Fe 2.25 0.69 +
Mg 3.55 1.28 + Mg 3.3 1.16 +
Ca 1.82 0.8 + Ca 1.71 0.64 +
Zn 1.03 0.2 + Zn 0.78 0.18 +
Speed 1.3m/s Direction NwW

Date 2009.02.03
PM 10(ng/m3) THU Taya Trend PM2,5(ng/m3) THU  Taya Trend
As 2.32 3.11 — As 1.22 2.32 —
Cd 1.31 1.91 — Cd 0.67 1.65 —
Cu 41.89 70 — Cu 19.69 43.75 —
Pb 38.71  81.08 — Pb 2224  61.41 —
Ni 32.63 34.07 — Ni 11.59 23.37 —
Mn 7.58 7.92 — Mn 3.93 3.82 +
Cr 8.29 7.01 + Cr 5.24 4.85 +
Fe 2.03 0.84 + Fe 1.88 0.62 +
Mg 2.44 0.66 + Mg 2.14 0.59 +
Ca 0.97 0.38 + Ca 0.43 0.14 +
Zn 0.47 0.13 + Zn 0.18 0.09 +
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Table 4.4 Heavy metal sampling data information for this research (cont.)

Speed 1.4m/s Direction NwW

Date 2009.02.25
PM,¢(ng/m’) THU Taya Trend PM,s(ng/m’) THU Taya  Trend
As 2.12 1.76 + As 1.26 1 +
Cd 2.13 1.01 + Cd 0.99 0.63 +
Cu 38.12  80.35 — Cu 23.5 34.15 —
Pb 4998 45.39 + Pb 19.35 17.74 +
Ni 70.46  41.12 + Ni 47.81 24.58 +
Mn 1343  13.42 — Mn 6.52 8.78 —
Cr 8.02 1531 — Cr 5.41 11.9 —
Fe 1.06 2.21 — Fe 0.92 1.71 —
Mg 2.28 0.89 + Mg 2.07 0.48 +
Ca 1.03 0.58 + Ca 0.92 0.22 +
Zn 0.32 0.08 + Zn 0.11 0.02 +
Speed 2.1m/s Direction NW

Date 2009.02.26
PMlo(ng/m5 ) THU Taya Trend PM,, 5(ng/m5) THU  Taya Trend
As - 2.14 - As - 1.41 -
Cd - 1.27 - Cd - 0.78 -
Cu - 95.09 - Cu - 50.38 -
Pb - 44.24 - Pb - 18.3 -
Ni - 125.24 - Ni - 18.12 -
Mn - 10.18 - Mn - 5.37 -
Cr - 8.51 - Cr - 6.01 -
Fe - 1.23 - Fe - 1.11 -
Mg - 0.79 - Mg - 0.65 -
Ca - 1.09 - Ca - 0.96 -
Zn - 0.37 - Zn - 0.04 -
Speed 2.3m/s Direction WNW

Date 2009.03.03
PM 10(ng/m3) THU Taya Trend PMz_s(ng/m3) THU  Taya Trend
As 1.85 1.58 + As 1.21 0.9 +
Cd 1.12 5.34 — Cd 0.95 3.51 —
Cu 28.31 35.32 — Cu 18.35 19.04 —
Pb 31.25 27.89 + Pb 15.73 14.1 +
Ni 26.92  31.55 — Ni 18 19.75 —
Mn 7.93 4.06 + Mn 5.73 2.16 +
Cr 6.38 6.96 — Cr 4.32 4.79 —
Fe 0.93 0.77 + Fe 0.81 0.64 +
Mg 0.66 0.53 + Mg 0.56 0.39 +
Ca 1.42 0.91 + Ca 0.98 0.77 +
Zn 0.67 0.43 + Zn 0.35 0.12 +
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Table 4.4 Heavy metal sampling data information for this research (cont.)

Speed 1.8m/s Direction NE

Date 2009.03.04
PM,¢(ng/m’) THU Taya Trend PM,s(ng/m’) THU Taya  Trend
As 1.26 1.91 — As 0.7 1.35 —
Cd 1.33 1.49 — Cd 1.02 122 -
Cu 37.71 53.24 — Cu 20.86  32.93 —
Pb 59.46 33.19 + Pb 32.56  22.72 +
Ni 122.79 109.55 + Ni 111.22  96.08 +
Mn 4.5 6.13 — Mn 2.11 386 —
Cr 8.31 8.22 + Cr 5.41 6.06 —
Fe 2.13 2.02 + Fe 1.77 1.62 +
Mg 1.03 0.89 + Mg 0.88 0.74 +
Ca 0.78 0.32 + Ca 0.69 0.19 +
Zn 0.39 0.07 + Zn 0.15 0.03 +
Speed 1.6m/s Direction NW

Date 2009.03.11
PM,¢(ng/m’) THU Taya Trend PM,s(ng/m’) THU Taya  Trend
As 1.88 1.43 + As 1.15 0.86 +
Cd 1.66 1.92 — Cd 1.27 1.43 —
Cu 23.74  39.02 — Cu 15.02 2382 —
Pb 63.1 64.86 — Pb 49.02 47.62 +
Ni 37.21 128.43 — Ni 18.44 9694  —
Mn 5.87 5.78 + Mn 3.47 3.25 +
Cr 7.74 6.34 + Cr 5.39 4.32 +
Fe 1.83 0.78 + Fe 1.61 0.66 +
Mg 1.23 1.31 — Mg 1.1 .16  —
Ca 0.64 0.82 + Ca 0.6 072 —
Zn 0.71 0.66 + Zn 0.34 0.09 +
Speed 1.2m/s Direction WNW

Date 2009.03.12
PMlo(ng/m5 ) THU Taya Trend PM,, 5(ng/m5) THU  Taya Trend
As - 1.97 - As - 0.96 -
Cd - 1.61 - Cd - 0.71 -
Cu - 39.39 - Cu - 14.65 -
Pb - 88.91 - Pb - 45.11 -
Ni - 232.52 - Ni - 115.41 -
Mn - 0.54 - Mn - 0.33 -
Cr - 7.03 - Cr - 4.66 -
Fe - 1.14 - Fe - 0.82 -
Mg - 1.12 - Mg - 0.66 -
Ca - 0.81 - Ca - 0.42 -
Zn - 0.5 - Zn - 0.13 -
As - 1.97 - As - 0.96 -

*Trend +: + h Ak B < T h Aok B

Trend —
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2. % 2 i3 »%3 ¢ Pb~Zn ﬁk%%ﬁ%ﬁ’ﬁ%ﬂiﬁﬁ@ﬁé%ﬁo%

A

[S—y

BN
AR B ‘?}"c »Zn ¥ Cd %5 2~ % 7* % Holsenetal.,2001) » #7171 % 2 1 =
> 7+ ZE ’\jé, b4 113,131/)%!"
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Table 4.5 PCA results in THU (downstream in winter season)

PC1 PC2 PC3
As 0.02 0.50 -0.69
Cd 0.82 0.37 -0.29
Cu 0.95 0.00 0.08
Pb 0.20 091 0.22
Ni -0.56 0.02 0.65
Mn 0.95 -0.20 0.08
Cr 0.91 0.34 0.14
Fe 0.29 0.50 0.73
Mg 0.74 0.19 0.51
Ca 0.63 0.42 -0.10
7Zn 0.01 0.94 -0.13
Variance explained(%) 47 .58 24.69 17.09
Accumulation% 42.58 67.27 84.36

Table 4.6 PCA results in Taya (upstream in winter season)

PC1 PC2 PC3

As -0.29 0.59 -0.12
Cd 0.23 0.78 -0.25
Cu 0.87 0.17 0.05
Pb 0.08 0.08 0.86
Ni 0.08 -0.1 0.94
Mn 0.69 0.43 0.49
Cr 0.86 -0.25 -0.27
Fe 0.83 -0.17 0.24
Mg 0.78 0.34 0.3
Ca 0.49 0.7 0.21
7Zn 0.07 0.8 0.52
Variance explained(%) 33.22 23.03 22.46

Accumulation% 33.22 56.25 78.71
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Table 4.7 PCA results in FG (upstream in summer season)

PC1 PC2
As -0.24 0.76
Cd -0.09 0.97
Cu 0.96 0.16
Pb 0.93 -0.12
Ni 0.85 0.32
Mn 094 -0.13
Cr 0.57 0.47
Fe 0.87 0.30
Mg 0.46 0.75
Ca -0.28 -0.80
Zn -0.29 -0.86
Variance explained(%) 44.62 35.8
Accumulation% 44.62 80.42

Table 4.8 PCA results in PU (downstream in summer season)

PC1 PC2 PC3 PC4
As 0.93 0.06  -0.15 -0.32
Cd 0.93 -0.16 0.17 -0.25
Cu -0.43 0.84 0.11 0.14
Pb -0.09 0.86 0.03 -0.05
Ni 0.08 -0.14 0.88 0.31
Mn -0.89 0.35 0.08 0
Cr 0.84 0.25 0.42 0.02
Fe -0.07 072  -0.02 0.53
Mg 0.51 082  -0.05 0.03
Ca -0.28 0.13 0.06 0.93
Zn -0.23 -0.19  -0.88 0.27
Variance explained(%) 34.84 2658 1641 13.62
Accumulation% 34.84 6142  T77.83 91.45
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Fig.4.2 Relevancy between simulation W, factory buildings and

observation points (As)

w7200 ] r g -

Fig.4.3 ISCST3 simulation for the relevancy between W, factory

i

buildings and observation points (As)
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Fig.4.4

Fig.4.5
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Fig.4.7 Terrain map for central region counties and cities
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Fig.4.8 AERMOD simulation (As)

Table 4.9 Comparison among ISCST3, AERMOD and observed value (North

wind season)

Date : 08/4/22 THU Taya PU FG
ISCST3

o 2.5~3.5 1.5~2.5 1.5~2.0 2.5~3.0
B4 & (ppb)

AERMOD

s 2.8~3.2 2.4~2.8 2~2.4 2.4~2.8
B4 & (ppb)

F iR & (ppb) 3.15 0.93 1.71 2.82

44 b g=R
44.1 B '&IER H R

bRz (TEREFIZ T fﬁk-}bE}F ' i(a) B E #-¥(Hazard Identification)
(b) # & —»x 3™ % (Dose-Response Assessment)

(¢) % %=1 (Exposure Assessment) (d) B * 3& i (Risk Characterization) ({7 Fcfs
% %% > 1996)

T R L ER D R EREFEREY OMETHRNA TR A S
FRLTERBH FREE LT TS G HE ™6 2 LJ1% 4 L3
d BAE AT AAE N ﬁv#ﬁgﬁ;ﬁ.1 HEET| A RBE b ) 5 0riE F‘ 211 LK%
BREERE B2 Y RBETe 2 P BRI NER B
BB t‘JF.%.JwﬁFfF\ }ixﬁg'_,iﬁﬂﬁ? BRI AR RIEET (—Ezr}a%"'rﬁ%/fﬁlﬁ?‘
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4.4.2 :}F-, 1 i & 3 (Indicator Chemicals)2_i% %

Patricia# (1992)45 8! - 5 4 Haent BHF i 2 TF g @ #i7f v F
*ﬂ/}&@&n,x Y xé;ﬂ:.—'*lg PRI RA IR AAE LT AR LS B S
WEMAMEEF AT A EF AT LRRAFEM TR - £ LD
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B4 § R ¥ o o PRl R R S g iR

PECEFT AL AR TREDE S BE S RED R 3R
GRS EL Al E AR Y Al SR T A SR W R ]
mﬁ?#’Hquégﬁwgﬁ ﬁfﬂm&%@J’mﬁﬁﬁﬂgﬁmﬁﬁ
T Fph - L RR gtk B LHY F e § () E R RR4(F (benzene) »
4 (arsenic)~ ¢ i & 1t 4 (chloroethene))> (b) AZifd ~ i L H k&R hit §F & 5o
(©) §4ciF B AT et FER . (d) § &t HP ~7f‘§f—*f7“§4§'°”*”f’f—
;}Hﬂﬂggﬁ,?ﬁa henF AR (@) 2 FBID I EER . (b) TR

PRIE] 2R GHAMT A EES . (o EMRIT BRSO EER

443 B2 X

R D i 3R U HI (Hasard Index > /2 3 4380 %L A 3 4 A2
b A &3 EHIF L FLREFEXP(E T F ik ho g) F544 %
PR AR g o g R R AR B RIDs) 0 W25 A 2 2 F 4p i (Hazard
Quotient) o #-#7F 77 4 4 fAsF )5 3’3{%1@#?‘“" v EET Il F R jiﬁﬁt
S0 o R EHAMERE ST LLRH °?/54#”F‘&f’<}§'?r}3f”ﬁﬁ? Al
B8 5 0 R g AL % (Slope Factor) » 7 IE'E(I% c BERMBREY L5548 mﬂf%
A FALEE H 2 - 500 0 P L B & R guk g

444 5B A

2SR AP

PSRBT  F R o 1T T S R TR R
Crrowa xCRxFIxABSf X EF X ED

EXP = - .
BW x AT (¥ 4.1)

Hoe
EXP= g 3+ tdxfd i & 9 (mg/kg-day)
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Cyveta = /& F 4 B4 ¢ ek & (ng/m’)
CR= #ffi# & (m’/day) > 382k 5 20 m’/day
FI = j$;3 % kv » eh§ (dimensionless) »
ABSt= B2 F]F (%) > K & 100%
EF = % &4 & (day/yr) » 3% % 8 hr/day -~ Sday/wk ~ 52 wk/yr
ED= 2 EHE (0o x5 Lyr
BW= k¥ FenTIome (kg 70kg
AT = T iop
= ED x365 days/yr (Z£-3 {247 )
=70 x365 days/yr (3 1247 &)
o i S % PRk & Ui A8 22 IRIS & HEAST #f 2 ff 2 20 m’/day per 70
kg (75 Bk 2 B ER 2 F]F o
(IRIS and HEAST , 1995, http://rais.ornl.gov/tox/nonrad_ftn.shtml)
(%#c 2 Table 4.10)

Table 4.10 Various ways exposure parameter predetermined value

5 - A i
GENERAL
Body weight (kg) 70 15
Exposure duration (yrs) 24 6
XF1 (mg/kg) 10° 10°
XF2 (L/cm?) 10° 10°
INHALATION OF AIR
Inhalation rate (m’ /day) 20 10
Exposure frequency (days/yr) 350 350
INGESTION OF DRINKING WATER
Ingestion rate of water (L/day) 2 1
Exposure frequency for drinking water (days/yr) 350 350
INGESTION OF SOIL
Ingestion rate of soil (mg/day) 100 200
Exposure frequency (days/yr) 350 350

TR AR ERREE (1991)
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445 b %GR R

William % (1993)45 &1 b " 3% 5 F £ 3% 5 55 » 50 K€ (738 B > @ #7§ cfyg » 77
PeEAATE AT RRT 1@ L RBLIRSRGTH > o R
FER (b) 2z 4 it 4 BT 2 e () MAE M 2L (d)
PEABELEREY . @ FARBESLIRRARGELLE . O =
YR ;;ﬁ;@pm W h ez LB o (g Fﬁsjﬁ‘g@@*’%j SEES E{@?%ﬁ&?&”%%ﬁ
ot Ee ) AR R RBR

William % (1993) P » # 430572 F @ kB TR 2 3 58
S F o FFRAA LR N PR R % P%‘”}‘ *%m F“ ’
F I FORRFFTRT TR EF
FoEFY FRE T AT EEAL R S A fé_i.'ln”v*ulﬁ éiﬁ.iﬂé?«“ o
William F pF7ndp &) Aop @ BT 3 o 30k B irid B
EEE BRRERE Tad < 2 %%EW*bﬂﬂ#Mﬁ’%u%i@ﬂ
ot B ra b ddrz a4 o

\—3
N
3
J-
=N
F_
\‘)‘“
%3%

4.4.6 b '&=HFE

FARFATENE E R AR s R RR T £ (544.2)
e
ng/ml (el &) x 100ml x 12(% 4)/ 44 § £ (m’) = ng/m’ (4 4.2)
H¢ 3 F B35 40 cfm=1.17 m’/min

o (oo oo [ Jo Y2 o

= 318— ™ _32x107 "8
(70kg )[365 day ](24 h’] kg = day kg~ day
yr day
(3 19 ”g)( m’ ](8 h’](s day ](52 Wk]
' 3 da da k
EXP,, = m Y A M lc022— "8  _nox107 M8
(70kg )(365 day J(24 "”] kg —day kg - day
yr day
(5314’”3)( '”BJ(g’”’](saby](sz‘”kJ
EXP,, = m A day | day \ vk A )35 M8 _3sxip7 "8
(mk%ﬁ“q@ﬂ”] kg = day kg —day
yr day
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3
(18.83"‘%) 20™ |8 (sdayj sk
B m day \ day wk yr _10g_ "8

EXP, = =128 % :1.3x10"’%
- —da
(70kg)(365dayj£24hrJ §mday §-day
yr day
-7
HO, = EXP,, _32x107 _ o 10
RfD,,  0.0003
HO. = EXP,, 2.2x107 _ 4.4%10~
“  RfD, 00005
-7
HO,, = EXPe, _35x107 oo 10
RfD,, 0.04

3
m

(RfD,, = RfC,,, X 20(d J/70(kg) =0.00005%x20/70 =1.4x107")
ay

_EXP,, 13x107°
RfD,, 14x107°

HQ,, =0.093

RfDs: &%) & (4% Table 4.6)
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Table 4.11 RfDs and SF

WOE Chronic Oral Oral Chronhlc Inhalation
. . Inhalation
(Weight-of-Evidence
.. Reference Reference
Characterization) Slope Factor . Slope Factor
Dose Concentration
IRIS IARC (mg/kg-day)  (mg/kg-day)’ (mg/m’) (mg/kg-day)’
Cd Cadmium B1 1.00 0.0005(water) - - 6.30
Cr Ch“i,“;““m A 1.00 0.003 - 0.0001 42.00
Cu Copper D - 0.04 - - -
Mn Manganese D - 0.14 - 0.00005 -
Ni Nickel - 2B - - - -
Pb Lead B2 2B - - - -
As  Asenic, A 1.00 0.0003 1.50 - 15.10
Inorganic
(F %k © Risk Assessment Information System (RAIS),
Integrated Risk Information System (IRIS),
Intemational Agency for Research on Cancer (IARC))
Table 4.12 WOE definition carcinogenic classify
IARC IRIS Classification Identification
Ly v - . Evidence is sufficient
T & XRBHF . .
1(FE 25 R F]3) A human carcinogen for epidemiology.
Evidence is suggestive
probable human but not sufficient for
A =3 k= Y s 713 . .
2A(E T ¥ o & XK & F13) B1 carcinogen ep¥dem1010g3.1, but .
animal experiment is
sufficient.
Evidence is suggestive
little or no human but not sufficient for
2B(F it » R F]F) B2 evidence + strong epidemiology and
animal evidence animal experiment is
not sufficient.
) C weak evidence from )
human and animal data
Evidence is
inadequate for
. 2wy o = little evidence for or  epidemiology, and
ES L RIBF
3(m iz ETF W R TS D against carcingenicity  animal experiment is
not sufficient or can’t
classify.
It’s lack of
good evidence for ﬁf;;nnoizﬁgst};:cli
IV O s ZEIROm T3
At FoERe R FE }SF” F1+) E absence.of animals. Evidence is
carcingenicity

inadequate for
epidemiology.
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HI = HQ,, + HQ., + HQ,, + HQ,,, =1.07x107 +4.4x10™

+8.75%107° +0.093 = 0.095
HI=1.0>0.095> &1 7 &g T HpFEmLp -

BAEPF R U R R4 S (Slope Factor) » 7 F RS - A F RIEB Y 22545
RO F U EAZET F - 500 B A A A KL R o @ d 3
FALEARAE > Ry N E £ HAsE Cra RFpF 4o™ #557 ¢

ol =3.2x107 x1.5=4.8x10"
L& BASERBES S 6 0 R EP48x107 0 AN E BB 25 A hR RS

BB BAZET H 2 - 2 EA00) -
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5.1 %%

1LAF 3 i PMys/PMyo bt 9 0.5 2+ » 5 PP % i 0.8~0.9 > P By ik 7
ffefe 2 AB% 2 1996 # £ Wk F (EPA) 451 PMys ¢ ¥4 Meniz B ig 3
Fo Aoy Udpd PMosilch? #72 97E & h4r Cu~Fe~Ni~ V{rZn
ARBERE BT LG BT RS

Ayt 11 BE £~ 3% 0 K5 As~Cd~Cu~Pb~Ni~Mn-Cr-
Fe~Mg-Ca~Zn- if# %+ %4 é‘fi’vaﬂ”b"“”%?t%i’ﬁfﬁff%l\s’
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APPENDIX A

AERMET meteorological pretreatment process setting files
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First step

JOB

REPORT Wuci_S1.RPT

MESSAGES Wuci_S1.MSG
UPPERAIR

DATA 2005_FSL.DAT FSL

EXTRACT Wuci_UA.IQA

QAOUT Wuci_UA.OQA

XDATES 05/01/01 TO 05/12/31

LOCATION 46692  121.30E 25.22N -8

AUDIT UAPR UAHT UATT UATD UAWD UAWS
SURFACE

DATA Wuci-2005.all  HUSWO

EXTRACT Wuci_SEIQA

QAOUT Wuci_SEOQA

XDATES 05/01/01 TO 05/12/31

LOCATION 46777 121.00E 24.49N -8

AUDIT DPTP RHUM HZVS CLHT SLVP PRCP PWTH
Second step
JOB

REPORT Wuci_S2.RPT

MESSAGES Wuci_S2.MSG
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UPPERAIR

QAOUT

SURFACE

QAOUT

MERGE

OUTPUT

XDATES

Third step
JOB

REPORT

MESSAGES

METPREP

DATA

OUTPUT
PROFILE
XDATES
LOCATION
METHOD
METHOD

NWS_HGT

Wuci_UA.OQA

Wuci_SEOQA

Wuci_MR.MET

05/01/01 TO 05/12/31

Wuci_S3.RPT

Wuci_S3.MSG

Wuci_MR.MET
Wuci_MP.SFC
Wuci_MPPFL
05/01/01 TO 05/12/31
46777 120.30E 24.15N -8
REFLEVEL  SUBNWS
WIND_DIR RANDOM

WIND 32.6
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FREQ_SECT
SECTOR
SECTOR

SECTOR

**SITE_CHAR

SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR

SITE_CHAR

*+SITE_CHAR

SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR

SITE_CHAR

MONTHLY

1

2

3

FI

10

11

12

FI

3

115

190

10

SI ALBEDO BRATIO ZO_(M)

1

1

SI

1

1

0.35

0.35

0.14

0.14

0.14

0.16

0.16

0.16

0.18

0.18

0.18

0.35

0.35

0.35

0.14

0.14

0.14

0.16
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2.00

2.00

2.00

2.00

2.00

4.00

4.00

4.00

4.00

4.00

4.00

2.00

2.00

2.00

2.00

2.00

2.00

4.00

0.60

0.60

0.60

0.60

0.60

0.60

0.60

0.60

0.60

0.60

0.60

0.60

ALBEDO BRATIO ZO_(M)

0.40

0.40

0.40

0.40

0.40

0.40



SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR

SITE_CHAR

*+SITE_CHAR

SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR
SITE_CHAR

SITE_CHAR

10

11

12

FI

10

11

12

SI

1

1

0.16

0.16

0.18

0.18

0.18

0.35

0.35

0.35

0.14

0.14

0.14

0.16

0.16

0.16

0.18

0.18

0.18

0.35
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4.00

4.00

4.00

4.00

4.00

2.00

2.00

2.00

2.00

2.00

2.00

4.00

4.00

4.00

4.00

4.00

4.00

2.00

0.40

0.40

0.40

0.40

0.40

0.40

ALBEDO BRATIO ZO_(M)

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.30



APPENDIX B

America Meteorological data format
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HUSWO format

Field Example Comment
1 99999 Station ID
2 1990011211 Year, Month, Day, Hour
3 0000 Global radition.9999 indicates missing
4 0000 Direction radition. 9999 indicates missing
5 00 Total Sky Cover
6 00 Opaque Sky Cover
7 140.0 Dry Blub Temperature
8 140.0 Dry Point Temperature
9 000 Relative Humidity
10 2067 Station Pressure
11 000 Wind Direction
12 99.0 Wind Speed
13 0.0 Visibility
14 00000 Ceiling Height
15 Present Weather
16 ASOS CLOUD LAYER 1
17 ASOS CLOUD LAYER 2
18 ASOS CLOUD LAYER 3
19 99 Hourly Precipitation
20 000 Snow Depth
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FSL format

1 2 3 4 5 6
LINTYP header lines

254 HOUR DAY MONTH YEAR (blank) (blank)
1 WBAN# WMO# LATD LOND ELEV RTIME

2 HYDRO MXWD TROPL LINES TINDEX SOURCE

3 (blank)  STAID (blank)  (blank) SONDE WSUNITS

Data lines

9 PRESSURE HEIGHT TEMP DEWPT WIND DIR WINDSPD

LEGEND
LINTYP: type of identification line
254 = indicates a new sounding in the output file
1 = station identification line
2 = sounding checks line
3 = station identifier and other indicators line
4 = mandatory level
5 = significant level
6 = wind level (PPBB) (GTS or merged data)

7 = tropopause level (GTS or merged data)
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HOUR:

LAT:

LON:

8 = maximum wind level (GTS or merged data)
9 = surface level

time of report in UTC

latitude in degrees and hundredths

longitude in degrees and hundredths
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APPENDIX C

AERMOD keywords
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CO Ri4t3 55 7) BE 45 i it
STARTING M-N TR~ B
TITLEONE M-N By R - 7
TITLETWO O-N R = LR
MODELOPT M-N TR o A CE
AVERTIME M-N TR 7 R en T 323 i)
URBANOPT O-N TEP D FICER ¥
POLLUTID M-N Bl 4 4 g A
HALFLIFE O-N hEEROLRY
DCAYCOEF O-N ¥R ik
THEIIRSES LAY L5 ok
FLAGPOLE O-N
HKERE
RUNORNOT M-N FEAHANITEFTT AL S
EVENTFIL O-N L3 SEVENTH-A 2 & i L » 2
PR EREAR A E A R
SAVEFILE O-N
TP F Rk R
41 * SAVEFILE:Z 78 & # v B % <
INITFILE O-N
A= 4o 1 HOF] g 75
R B < S O gR e -
MULTYEAR O-N
B i IR
DEBUGOPT O-N BRBAR A AR IoF flcdh e $EE
ERRORFIL -N R e A
FINISHED M-N Al s g~ S5
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SO R

5

B 45 9 i

STARTING TH L MEAH » DR
ELEVUNIT TE AR F A~ B (BRIRE S
m) > 4ok i@ * o PRAL E H SO
STARTING # ¢h% — BB 4EF
LOCATION FE g & TR R
SRCPARAM FE TR & #h Sk
BUILDHGT ERRh e RBYEASFIBRE
BUILDWID ERRh e RSB EASFPTRE
XBADJ ERPEP R AR G ¢ s HE
T e R
YBADJ LEPER R ALY DR B ¢ s g
F TR i
AREAVERT - B %5 #3% H(AREAPOLY):H
BB (4o % £ ¥ AREAPOLY > 78 3¢
& 5E)
URBANSRC FETEE (735 7 s s eng 2R
EMISFACT TP ]S T E
EMISUNIT otk R v FE o @ S
HOUREMIS HhE e 29 FE A Bk g IR
INCLUDED LA AR R E - BH P B auE
7
SRCGROUP FE X TR e
FINISHED TR P RE LI~ 5 R
RE B4t B 42T f5 i

=75 -




STARTING

¥ #RE= R BRI~ B e

ELEVUNIT

TERXWE ﬁlﬂ'ﬁ%] *>H O (BRILE A
m)j & * RE STRATINGP= > v & Jf &_

RE STARTINGZ {5 e% — i B 42 5

GRIDCART

TE-BEFE L HER

GRIDPOLR

T - B AR e

DISCCART

& - Bo R 8T i

TR Y

DISCPOLR

Tk - Bt § T AT

TR Y

EVALCART

CHRYHCT P AL E

EVALFILEﬁia?J MAEIE - Az

INCLUDED

A

N N T

FINISHED
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ME B 43 #3 BE 42 5 4 it
STARTING M-N TEMEF % By » B 4
SURFFILE M-N R R A S A
PROFFILE M-N o B~ PRALE G dicd e
SURFDATA M-N TR Y 13
UAIRDATA M-N ot § z B
SITEDATA O-N RN R L
PROFBASE M-N FEE_PR BRAR DA INE f2
R Rt RS I S £ S
STARTEND O-N
P R
DAYRANGE O-R FERE EJL P AR
SCIMBYHR O-N F&£ % SCIM:E 7 th %8
WDROTATE O-N GRS 33 N B s LR
WINDCATS O-N B~ b AR
FINISHED M-N LAMEF % B LH » i i
EV B4tz #3 BE 42 5 4 it
STARTING M-N AT PR~ PR A
EVENTPER M-R to it F 2 oy ot o
EVENTLOC M-R ¥ B e
FINISHED M-N TAERFERSOEL
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OU B &t 54l BE 4T fo i
STARTING M-N LHEB DR
RECTABLE O-R CREIREES LS St
MAXTABLE O-R PEAE 2R B X EeniE oE
LEJLE X thiE BTl ot % ik
DAYTABLE O-R
Yo TR L auER
MSXIFILE O-R Pl A E P R Y &
WEEB IS FEREE o LR
POSTFILE O-R
71 g
HETREB IR F P R
PLOTFILE O-R
B EE D ITH G
B % B o~ FIEE &0 d ~ SITOXSTH
TOXXFILE O-R A HTOXXH- 2 & RISKHEA] ¢ ek 5
> A
RANKFILE O-R B 0 WQ-Qm A A i
EVALFILE O-R »EFHEAITERA Y
FET & BT EVENT/%@IE"-_ﬁﬁs?J LR
EVENTOUT M-N
&)
FINISHED M-N
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APPENDIX D

AERMOD input
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CO STARTING

TITLEONE Post 2008 PM Case for the AERMOD Model

MODELOPT DFAULT CONC

AVERTIME

URBANOPT

POLLUTID

1 8 24 MONTH PERIOD

1000000 Wuci

PM

RUNORNOT RUN

ERRORFIL

CO FINISHED

SO STARTING

ELEVUNIT

** Point Source

LOCATION

LOCATION

LOCATION

LOCATION

LOCATION

LOCATION

LOCATION

LOCATION

** Point Source

** Parameters:

SRCPARAM STACKI1

ERRORS.OUT

METERS

STACKI1
STACK?2
STACK3
STACK4
STACKS
STACK6
STACK7

STACKS

QS

UTM_E UTM_N

POINT

POINT

POINT

POINT

POINT

POINT

POINT

POINT

211158

211160

212712

212717

211212

211220

212250

212244

HS TS

0.0

53 291.1

- 80 -

2677769

2677773

2680531

2680539

2677404

2677411

2678448

2678441

VS

4.32

ZS

DS

1.00



SRCPARAM STACK2 0.1 53
SRCPARAM STACK3 2.0 51
SRCPARAM STACK4 3.0 51
SRCPARAM STACKS 0.7 32
SRCPARAM STACK6 0.8 32
SRCPARAM STACK7 0.015 18
SRCPARAM STACKS 0.03 18
EMISUNIT 1000000 g/sec ppb
URBANSRC STACKI-STACKS
SRCGROUP ALL

SO FINISHED

RE STARTING
DISCCART 207387 2680147 10 10
DISCCART 209245 2674743 110 110
DISCCART 210806 2675267 10 10
DISCCART 213183 2680903 10 10
DISCCART 225000 2660000 10 10
DISCCART 225000 2690000 30 30

RE FINISHED

ME STARTING

SURFFILE Wuci_MP.SFC

PROFFILE Wuci_MP.PFL

SURFDATA 46777 2005 Wuci

UAIRDATA 46692 2005 Panchaow

-81 -

294.7

302.1

376.0

296.9

296.9

293.5

295.0

8.09

1.00

18.67

19.11

15.98

15.98

14.46

12.33

1.40

1.40

0.76

0.76

0.76

0.76



PROFBASE 6.0 METERS
STARTEND 0503 01 0503 31

ME FINISHED

OU STARTING
RECTABLE ALLAVE FIRST
DAYTABLE ALLAVE
MAXTABLE ALLAVE 50
POSTFILE 24 ALL  plot PST0524.pos
POSTFILE 8 all  plot pst0503.pos
POSTFILE 1 all  plot pst0501.pos
POSTFILE month all plot pstOSmonth.pos
PLOTFILE 24 ALL  FIRST PLTOS.plt

OU FINISHED
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ISC input
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CO TERRHGTS FLAT

CO RUNORNOT RUN

CO ERRORFIL ERRORS.OUT

CO FINISHED

SO STARTING

SO ELEVUNIT METERS

SO LOCATION 1 POINT 211158 2677769 0
SO LOCATION 2 POINT 211160 2677773 0
SO LOCATION 3 POINT 211512 2679948 0
SO LOCATION 4 POINT 211517 2679933 0
SO LOCATION 5 POINT 211212 2677404 0
SO LOCATION 6 POINT 211220 2677411 0
SO LOCATION 7 POINT 212250 2678448 0
SO LOCATION 8 POINT 212244 2678441 0

**Point Source QS HS TS VS DS

**Paremeters gls m K m/s m

SO SRCPARAM 1 0.0 53 344.5 3.08 1.00
SO SRCPARAM 2 0.1 53 344.0 6.60 1.00
SO SRCPARAM 3 2.0 51 302.1 18.67 1.40
SO SRCPARAM 4 3.0 51 376.0 19.11 1.40
SO SRCPARAM 5 0.7 32 296.9 15.98 0.76
SO SRCPARAM 6 0.8 32 296.9 15.98 0.76
SO SRCPARAM 7 0.015 18 293.5 14.46 0.76
SO SRCPARAM 8 0.03 18 295.0 12.33 0.76

SO SRCGROUP ALL

SO FINISHED
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RE STARTING

RE ELEVUNIT METERS

RE GRIDCART CARTI STA

RE GRIDCART CARTI XYINC 203000 120 120 2671000 120 120
RE GRIDCART CART1 END

G = gt

RE DISCCART 207387 2680147

o kA ek

RE DISCCART 209245 2674743

ok 2 ),

RE DISCCART 210806 2675267

3k & 5wk

RE DISCCART 213183 2680903

RE FINISHED

ME STARTING

ME INPUTFIL ~ 777205p.asc

ME ANEMHGHT  15. METERS

ME SURFDATA 46777 2005 Taichung
ME UAIRDATA 46777 2005 Taichung
ME STARTEND 2005 09 03 01 2005 09 03 24
ME FINISHED

OU STARTING

OU RECTABLE 24 FIRST

OU PLOTFILE 24 ALL FIRST 960601-1.DAT

OU FINISHED
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APPENDIX F
Albedo, Bowen, Roughness

Length
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W@ R 50856 BRI E 88 £ 80 £ 90 £ 91 &
& 46766 LR 46747 | 76699t | 76620t | 76621t | 76622t
& 46741 1 F i oh 46747 | 74199t | 74120t | 74121t | 74122t
& 46744 LR s 46747 | 74499t | 74420t | 74421t | 74422t
a4 46759 LR 46747 | 75999t | 75920t | 75921t | 75922t
AR 46754 LR b 46747 | 75499t | 75420t | 75421t | 75422t
2E 5 46730 SN2 46734 73099m | 73020m | 73021m 3022m
i 4 46735 JRCRAS S 46734 | 73599m | 73520m | 73521m | 73522m
s 46762 2. F b 46747 | 76299t | 76220t | 76221t | 76222t
=& 46748 LR 46747 | 74899t | 74820t | 74821t | 74822t
B 46777 LAR 45 36 46692 | 77799 | 77720p | 77721p | 77722p
2R AN 46747 | 77799t | 77720t | 77721t | 77722t
BAE | 46765 1.jtigss 46699 | 76599h | 76520h | 76521h | 76522h
2.8k 46747 | 76599t | 76520t | 76521t | 76522t
& F 46749 LAR 5 36 46692 | 74999p | 74920p | 74921p | 74922p
2.8 ik 46747 | 74999t | 74920t | 74921t | 74922t
EN 46755 1.7 %5 46699 | 75599h | 75520h | 75521h | 75522h
2.8 vk 46747 | 75599t | 75520t | 75521t | 75522t

2L | 46753 LR s 46746 | 75399t | 75320t | 75321t | 75322t
AR 46761 1.jtig s 46699 | 76199h | 76120h | 76121h | 76122h
2. it vb 46747 | 76199t | 76120t | 76121t | 76122t
#Rail 46706 LAR % v5 46692 | 70699p | 70620p | 70621p | 70622p
2,765k % 46699 | 70699h | 70620h | 70621h | 70622h
o 46692 LAR 4% v5 46692 | 69299p | 69220p | 69221p | 69222p
AR 46690 1 AR 4% v5 46692 | 69099p | 69020p | 69021p | 69022p
LH | 46686 LAR 45 36 46692 | 68699p | 68620p | 68621p | 68622p
FH | 46693 LAR 5 36 46692 | 69399p | 69320p | 69321p | 69322p
E 46757 1AR 1% 35 46692 | 75799p | 75720p | 75721p | 75722p
B 46708 LAR 15 5 46692 | 70899p | 70820p | 70821p | 70822p
itig 46699 1.jtigss 46699 | 69999h | 69920h | 69921h | 69922h
K% 46694 LAR 45 36 46692 | 69499p | 69420p | 69421p | 69422p
SAEML | 46695 1AR 45 36 46692 | 69599p | 69520p | 69521p | 69522p
P2 46691 1AR 45 36 46692 | 69199p | 69120p | 69121p | 69122p
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FigF-1 # 6 § %RI28F T § %2 HR A
(FH %R S A 480 o)
Table F-1 i /&A% & 2| %728 p|
(FH &R £ AREF EPA)

i it FT TEER R
TRAAER R <50mm 50~200 mm >200mm
Table F-2 4245 3 ¥ 4% fo &3]0 o 5 F BB 3
(F#L % /& : AERMET USER’S GUIDE)

23 A % [ e %
-k 0.12 0.10 0.14 0.20
EE 0.12 0.12 0.12 0.50
Oy 0.12 0.12 0.12 0.35
2 0.12 0.14 0.16 0.30
B 0.14 0.20 0.18 0.60
¥R 0.18 0.18 0.20 0.60
B 0.14 0.16 0.18 0.35
V) A 0.30 0.28 0.28 0.45

Table F-3 {2452 3 1% fo &g i &7 414 chp g &

(F# xR : AERMET USER’S GUIDE)

23 A 5% [ g *
-k 0.1 0.1 0.1 2.0
FEH 15 0.6 2.0 2.0
IRV RN 1.5 0.6 1.5 2.0
S o 0.2 0.2 0.2 2.0
B 1.0 1.5 2.0 2.0
¥R 1.0 2.0 2.0 2.0
B 2.0 4.0 4.0 2.0

VO B 5.0 6.0 10.0 10.0
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Table F-4 {345 2 3 1% fof & T 5008 B §5 (2 T 414 chp B go 8
(73#. % & : AERMET USER’S GUIDE)

23 A 5% [ g =
-k 0.1 0.1 0.1 1.5
EE 0.7 0.3 1.0 1.5
IRrSHiN 0.7 0.3 0.8 1.5
it 2 0.1 0.1 0.1 1.5
P 0.3 0.5 0.7 1.5
¥R 0.4 0.8 1.0 1.5
5 1.0 2.0 2.0 1.5
VR A 3.0 4.0 6.0 6.0

Table F-5 1335 2 3 1% fo % &P REE T J1 4 hp B gl &
(F# %% : AERMET USER’S GUIDE)

dE %% [ #E 3
-k 0.1 0.1 0.1 0.3
EER 0.3 0.2 0.4 0.5
R 0.3 0.2 0.3 0.3
a2 0.1 0.1 0.1 0.5
o 0.2 0.3 0.4 0.5
3R 0.3 0.4 0.5 0.5
e 0.5 1.0 1.0 0.5

R e 1.0 1.5 2.0 2.0

Table F-6 1454 &+ It frZ & F o gfe kR > Y m 5 B =
(342 &R : AERMET USER’S GUIDE)

B T 5% 3 #E 3
K 0.0001 0.001 0.0001 0.0001

g E i 1.00 1.30 0.80 0.50
IRV RIS 1.30 1.30 1.30 1.30
a2 0.20 0.20 0.20 0.05
P 0.03 0.20 0.05 0.01
¥R 0.05 0.10 0.01 0.001
5 1.00 1.00 1.00 1.00
VIR A B 0.30 0.30 0.30 0.15

-89 -



Table F-7 3% TR b & jekE R
(F# %R : AERMET USER’S GUIDE)

5 ¥ e kR (m)
MR o AP 0.2~0.5
AR T 0.4
B AR R 0.6
LAY o] B 0.7~1.0
EARFERAS NS P o 1.0~3.0
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APPENDIX G

Model operation method
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Table G-1 AERMOD 3§ % F 4%

SURFILE (5 # % /& : AERMET USER’S GUIDE)

w1
B2
$37
B4
B5i
%6
%7
%87
$977
5104
5114
$ 124
134
$ 147
$ 150
167
#1775
51877
$19f
#2077

$216
$22
#2377
524
525

year
month
day
j_day
hour

U=

VPTG
PBL

SBL

Zy
Bo

Ws
Wy
Zref
temp

4 temp

ipcode
pamt
rh
pres
cevr

Julian date

sensible heat flux (W/m2)
surface friction velocity (m/s)
convective velocity scale (m/s)

vertical potential temperature
gradient above PBL
height of convectively-generated
boundary layer (m)
height of mechanically-generated
boundary layer (m)
Monin-Obukhov length (m)

surface roughness length (m)
Bowen ratio
Albedo
Wind speed (m/s)

Wind direction (degrees)
reference height for Ws and Wd (m)
temperature (K)
reference height for temp (m)

precipitation code
precipitation amount (mm/hr)
relative humidity (percent)
station pressure (mb)
cloud cover (tenths)

SR AR R

BERERE B R
a3
Ao kER
Bowen %~ #c ¥
M4 F RS
b i
b o
KikB R
R
FREEAT B B R PF2 R
)i
K{é,ﬁ,%
K{é,ﬁ,i
R A
P EERR A

2 g
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PROFILE (F # % /7 : AERMET USER’S GUIDE)

¥1{7 year F-2

%2{* month 3

%31 day p

%4{7 hour | B

%517 height measurement height (m) BIEE R

% ¢ s 1, if this is the last (highest) level for

#6f7  top this hour, or O otherwise

%7/ WDm wind direction at the current leve ¥R B

(degrees)

%8{F WSnn wind speed at the current level (m/s) TR R

%9{= TTnn Temperature at the current level (°C) TR R

%107 SAnn ceegrees) S b B il X

” B FHh R

£11% SWnn G (m/s) ERE D iR
ES

Table G-2 ISC# % ﬁig?J » Fh 38 3% ASCIT#2 5%

ki Fortran # 3% Wi

Year (last 2 digits) 12 1-2

Month 12 3-4

Date 12 5-6

Hour 12 7-8

Wind direction(deg.) Fo.4 9-17

Wind speed(m/s) F9.4 18-26

Temperature(K) F6.1 27-32

Stability(A=1, B=2, ...F=6) 12 33-34

Mixed-layer height (village type) F7.1 35-41

(m)

Mixed-layer height F7.1 42-48

(city type) (m)

Wind Profile Exponent (CARD FR.4 49-56

only)

Vertical Potential Temperature

Gradient (K/m)(_CARD only) F8.4 57-65

Fl‘lCth'n' Velocity (m/s) (Dry or Wet F9 4 49-57(66-74 for CARD)

Deposition Only) -

Monin-Obukhov Length (m)(Dry or

Wet Deposition Only) F10.1 58-67(75-84 for CARD)

Surface Roughness Length

(m)( Dry or Wet Deposition Only) k8.4 68-75(85-92 for CARD)

Premp}t?ltlon Code (00-45)( Wet 14 76-79(93-96 for CARD)

Deposition Only) =

Precipitation Rate (mm/hr) ( Wet F7.2 80-86(97-103 for CARD)

Deposition Only)

(Data source : ISC USER’S GUIDE VOL 1, 1995)
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APPENDIX H

ISCST3 & AERMOD information analysis
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A R 2 ISCF R AL R 2 F & TS Y < (AQMO) & i 2
777205p.asc > A B 5 FEAEE B fRlEE 2R MR IE F R HE2005E 2 AL ¢ P
o~ how(deg) s hi#E(m/s) s ¥ REAK - FETLAZIREEF Am) - ISC
FRPAILY Y - BFEMN(- LRV ERSLHTE S b - SR
ok & b d PR k0 AISCP PI4EF R i 7R > 22 ABRMET#1i¢ * 2. b %
o

AERMET § % % BJZH;N P o> 97 % eng % FAL A &+ 2ISChp e o pb o
AERMET® 1 $ij » H-BLRIHcH. « ISCT [ st 3 3t o 2 10 Bl ~ 121 2
v PRESZ MY 2 g F B F(Albedo) ~ # 8 & (Bowen) ~ 11 & B £ ek
B (Roughness Length) o i&= & S8k T_F & Jf R g5 o7 * hf §Bp| sk iTen
AR > U2 AR R ERBFEFEIL LAY S B> 7 %4 Table H-1

AT o
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Table H-1 = B> werd g F B ~ f@F 52 b LA PR KT

Year of
10° ~115° 115°~190° 190°~10°
2005
Month Albedo Bowen Roughness Albedo Bowen Roughness Albedo Bowen Roughness
Length ength Length

1 0.35 2.00 0.60 0.35 2.00 0.40 0.35 2.00 0.30
2 0.35 2.00 0.60 0.35 2.00 0.40 0.35 2.00 0.30
3 0.14 2.00 0.60 0.14 2.00 0.40 0.14 2.00 0.30
4 0.14 2.00 0.60 0.14 2.00 0.40 0.14 2.00 0.30
5 0.14 2.00 0.60 0.14 2.00 0.40 0.14 2.00 0.30
6 0.16 4.00 0.60 0.16 4.00 0.40 0.16 4.00 0.30
7 0.16 4.00 0.60 0.16 4.00 0.40 0.16 4.00 0.30
8 0.16 4.00 0.60 0.16 4.00 0.40 0.16 4.00 0.30
9 0.18 4.00 0.60 0.18 4.00 0.40 0.18 4.00 0.30
10 0.18 4.00 0.60 0.18 4.00 0.40 0.18 4.00 0.30
11 0.18 4.00 0.60 0.18 4.00 0.40 0.18 4.00 0.30

12 0.35 2.00 0.60 0.35 2.00 0.40 0.35 2.00 0.30
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Table H-2 ¥ i ~ 357 11 % V5K B F AR BV ik

Parameter Albedo (March)
grasslands(0.18) city (0.14) desert (0.3)
AERMOD concentration
Date
01 1.07 1.06 1.10
02 1.53 1.54 1.47
03 0.75 0.75 0.75
04 2.05 2.05 2.05
05 1.84 1.86 1.81
06 2.44 2.44 2.42
07 3.04 3.03 3.05
08 3.27 3.28 3.22
09 4.00 3.97 4.13
10 0.50 0.51 0.50
11 0.47 0.47 0.45
12 1.11 1.11 1.11
13 1.21 1.22 1.21
14 1.11 1.11 1.10
15 2.97 2.98 2.95
16 5.08 5.08 5.08
17 0.36 0.36 0.36
18 0.97 0.97 0.97
19 0.56 0.57 0.55
20 1.87 1.88 1.84
21 2.65 2.62 2.66
22 0.16 0.15 0.16
23 0.68 0.68 0.67
24 1.00 1.01 0.99
25 0.42 0.42 0.42
26 3.12 3.13 3.02
27 3.99 3.90 4.14
28 0.09 0.09 0.09
29 0.88 0.87 0.88
30 1.47 1.47 1.45
31 2.93 2.93 2.92
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Table H-3 ¥ o ~ 333 11 & V) 5088 F AR B i 4

Parameter Bowen (March)
grasslands (1) city (2) desert (5)
Date AERMOD concentration
01 1.11 1.06 1.02
02 1.51 1.54 1.56
03 0.75 0.75 0.74
04 2.05 2.05 2.04
05 1.83 1.86 1.88
06 2.43 2.44 2.46
07 3.05 3.03 3.00
08 3.23 3.28 3.32
09 4.09 3.97 3.92
10 0.50 0.51 0.51
11 0.47 0.47 0.47
12 1.11 1.11 1.10
13 1.22 1.22 1.21
14 1.10 1.11 1.12
15 2.96 2.98 2.99
16 5.07 5.08 5.09
17 0.36 0.36 0.35
18 0.97 0.97 0.97
19 0.56 0.57 0.57
20 1.85 1.88 1.90
21 2.65 2.62 2.61
22 0.16 0.15 0.15
23 0.68 0.68 0.67
24 1.00 1.01 1.01
25 0.42 0.42 0.41
26 3.07 3.13 3.19
27 4.06 3.90 3.77
28 0.09 0.09 0.09
29 0.89 0.87 0.86
30 1.48 1.47 1.46
31 2.96 2.93 2.90

-08 -



Table H-4 ¥ /i ~ 337 11 % )ik 4 fe kB AT A i

Parameter Roughness ength (March)
grasslands (0.05) city (1) desert (0.3)
Date AERMOD concentration
01 1.56 1.06 1.36
02 2.00 1.54 1.53
03 0.43 0.75 0.44
04 2.62 2.05 2.01
05 2.62 1.86 2.27
06 4.01 2.44 3.03
07 4.22 3.03 3.67
08 3.89 3.28 3.73
09 5.68 3.97 493
10 0.53 0.51 0.56
11 0.52 0.47 0.72
12 0.69 1.11 0.74
13 2.43 1.22 1.10
14 2.52 1.11 1.89
15 4.47 2.98 3.71
16 7.71 5.08 6.33
17 0.35 0.36 0.36
18 1.80 0.97 0.92
19 1.15 0.57 0.76
20 2.68 1.88 2.22
21 4.18 2.62 3.37
22 0.20 0.15 0.19
23 1.16 0.68 0.72
24 1.86 1.01 1.37
25 0.67 0.42 0.50
26 4.31 3.13 3.79
27 5.39 3.90 4.84
28 0.20 0.09 0.14
29 2.02 0.87 1.12
30 2.35 1.47 1.80

31 5.02 2.93 3.86




Table H-5 ISCST3£ AERMET#& 2 & 4 #f

Time

10

11

12

13

14

15

16

17

18

19

Stability classify
ISCST3 AERMET

4 g:;tlrli‘}l, -50.1 unstable
4 gae&tlrl?; -44.6 unstable
4 Sl\tfae;tlrl;tl; -18.7 unstable
: inslzglialicllity -44.5 unstable
: inslzglialicllity 512 unstable
4 ﬁf;ﬁj‘;‘; 429 unstable
3 inslzgliglicllity -37.7 unstable
3 inslzgliglgity -37.1 unstable
4 g:;tlrli‘}l, -75.9 unstable
4 g:;tlrli‘}l, -52.2 unstable
* g:;tﬁ?; 105.2 stable

) gaelitlrl?; 33.9 stable
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APPENDIX I

National Chung Hsing University (PM;s & PM;s.19)
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Heavy Metal

Winter(N=25)

Year(N=100)

Winter(N=25)

Year(N=100)

PM; 5 PM; 5 PM; 510 PM> 510
Al 315.1+165.9 305.2+229.5 1132.44+930.8 869.1+683.8
(82.3~768.3)  (25.4~1001.1) (299.7~3646.4) (223.3~3646.4)
Fe 297.0%165.7 255.7+169.5 844.9+580.4 662.2+440.2
(64.0~760.7) (36.3~771.7) (206.8~2178.6) (129.8~2178.6)
Na 264.4+147.2 229.4+121.1 752.3+418.1 616.3+£378.5
(114.1~894.7)  (66.4~894.7) (52.7~902.3) (95.4~1830.0)
M 78.7£51.6 68.5+54.0 322.0+£214.0 249.5+160.4
& (24.1~206.4) (13.3~311.7) (52.7~902.3) (41.8~902.3)
K 397.9+351.5 307.3+£226.8 329.5+332.6 232.4+196.9
(96.2~1415.7) (90.6~1415.7) (65.9~1213.5) (26.8~1213.5)
Ca 134.5+87.6 112.6+84.7 890.3+830.6 651.9+575.9
(41.3~392.6) (14.3~470.5) (199.3~3479.8) (132.8~3479.8)
St 2.02+1.00 1.69+1.15 7.07+£5.90 5.16+4.44
(0.46~4.41)  (0.36~5.53)  (1.34~2357)  (0.68~23.95)
Ba 6.75+2.65 6.61+4.00 23.54+9.59 17.64+9.01
2.01~11.73)  (1.22~23.65)  (6.35~4041)  (3.10~40.41)
Ti 14.2+7.2 13.9+11.4 78.0+54.6 59.7+40.2
(3.3~29.5) (2.8~75.7)  (11.8~205.9)  (11.8~205.9)
Mn 68.59+56.65 60.81+52.27 22.93+16.01 17.99+12.53
(6.36£256.83) (2.33~256.83) (3.97~56.77) (1.64~56.77)
Co 0.30+0.11 0.33+0.16 0.53+0.28 0.46+0.25
(0.11~0.52) (0.11~1.05) (0.13~1.17) (0.13~1.17)
Ni 3.3£2.0 4.0+2.5 2.7+1.2 2.6+1.3
(1.0~9.6) (0.5~13.8) (N.D.~5.0) (N.D.~7.5)
Cu 15.0+6.6 12.74£8.5 11.1+£5.0 9.8+6.6
(5.6~32.8) (2.2~52.0) (4.3~22.0) (1.6~55.4)
7n 130.1+80.7 108.8+72.5 49.0+30.7 43.8+31.3
(25.8~297.1)  (125~297.1)  (11.3~121.5)  (N.D.~173.9)
Mo 0.94+0.59 0.80+0.46 0.74+0.37 0.57+0.31
(0.22~2.75) (0.17~2.75) (0.29~1.53) (0.12~1.53)
cd 1.34+0.89 1.15+0.74 0.28+0.23 0.18+0.16
(0.35~3.90) (0.15~3.90) (0.04~0.89) (N.D.~0.89)
Sh 4.02+2.80 6.32+6.96 4.96+8.50 8.17+11.51
(0.98~10.95)  (0.98-42.92)  (0.45~31.25)  (N.D.~64.09)
Pb 63.5+43.3 46.3+31.8 18.0+16.9 13.7£15.3
(12.3~168.6) (6.1~168.6) (2.2~67.7) (N.D.~106.9)
v 3.62+2.21 4.82+3.37 2.31+1.58 1.94+1.15
(1.10~9.50) (0.97~19.47) (0.51~5.94) (N.D.~5.94)
Cr 4.3+2.1 3.8+2.3 6.8+2.8 6.1+2.7
(1.8~10.2) (0.6~12.0) (1.2~12.2) (1.2~14.0)
As 2.22+1.81 1.63+1.30 0.49+0.48 0.32+0.32
(0.53~8.62) (0.29~8.62) (0.04~1.89) (N.D.~1.89)
Se 1.25+1.06 1.04+0.97 0.26+0.23 0.18+0.17
(0.20~4.85) (0.12~4.85) (N.D.~0.80) (N.D.~0.80)

Unit : ngm™
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APPENDIX J
The QC list of this analysis
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Cu : -7.6%~9.0%
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Fe : -6.5%~3.2%
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APPENDIX K

The visibility compared with Hongkon
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Fig.K-1. The visibility in Hongkon
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Fig.K-2. The visibility in Taichung
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