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Pk R G M OE SR oL & R TRIF O D ER G - R (413~4/21)F B
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To implement the policy of air pollution health risk assessment, the ROC Environmental
Protection Administration (EPA) established a state-of-the-art particulate matter (PM)
monitoring station, “Supersite,” at Hsinchuang Sport Park in Taipei County, Taiwan. The
Supersite utilizes research grade equipment to automatically and continuously monitor the
physical, chemical and optical characteristics of PM. In order to evaluate the possibility of
amending current PM air quality standard, this integrated study synthesizes the PM
monitoring data at Supersite and the results of PM toxicity investigations to assess the health
risk of PM. The results of this integrated study will be the major reference for EPA to amend
current PM regulations.

Biological particulates have yet to be included in the current Supersite monitoring
system. In view of the potential heath effects and ecological impacts, we conducted an
environmental monitoring study at the Supersite station to assess the profile of ambient
biological particulates. We evaluated the best sampling strategies for ambient biological
particulates, monitor fungal spores longitudinaly, and examine the effects of long-range
transported pollutants on biological particulates. The major biologica components to be
assessed included fungal spores, common outdoor allergens (Alternaria and Aspergillus), and
endotoxin. According to our results, the most prevalent fungi in Taipei were ascospores ~
basidiospores ~ Cladosporium and Aspergillus/Penicillium, which had significant seasona
variations. Only one weak episode of China dust storm was monitored this year (4/13 ~ 4/21).
However, several fungi had higher average levels during the dust storm sampling period than
March and May monthly measurements, including Alternaria, Aspergillus/Penicillium,
Arthrinium, basidiospores, Cladosporium, Nigrospora, OidiumV/Erysiphe, Peronospora,
Pithomyces, Rusts, Torula, unidentified fungi and total fungi. Peronospora and Rusts were
only recovered during the dust storm sampling period.

Our study provided baseline data for ambient fungi in Taipel and the relationships
between fungi and air pollution/meteorological factors. Due to complex interactions among
biological particulates, meteorological factors and air pollutants, all these factors should be
considered concurrently to assess their health risks in future studies. Long-term variations of
biological particulates are influenced not only by local sources, but also by long-range
transport events, climate change, and global ambient pollution. Thus the trend of biological
particulates should be examined longitudinally in order to evaluate their long-term impacts on
ecology and environment.

Keywords: Biological particulates;, Endotoxin; Outdoor Allergens; Supersite Monitoring
Station.



>

¥ F
11 3% A

oz
I

2 25 B BP0

CEE N N
2.1 2 1 hk

23Fﬁ@ﬁﬁi%ﬁ%ﬁi
24]

1537"

ﬁ

BB R BT e,
2.2 BB B AR BT T oo,
AP B e 14

24#L&L~n@*%3”'

B2 FARE Bl

322 pleagk g2 2
3235473 2. vreeen
33$?W+*ﬂ$ﬁ¢#
3444

A

kS
=
ey

|

-

)

o ﬂi{(’f

= Yk Yk

e

~

_g_.
F

|

>

b

L2 AR FER

Sy

4 How N R
&
i&%
s (rn\:b

RN
|

-

EIIEPRN B2 RIS e e e e e e e e
ﬁ+;w$%mmmmmmmmmmmmmmmmmmmmwmmmmm

ﬂW% W+Wmﬁ%”



% - "#:EL Z BB RIBET R IER B ot ssss st ssss st 6
FZ OB E E G R FI T L e, 9
%2 2005£13210% £ Hie F 8P HE TIDER s 20
w2 2005# 1% 10°* ﬁ?ﬁl?—? PIAE T B DR B A 1 et 22
%7 20050 BB B A0 15 2 30 F AT E TIDE B s 31
* = MOUDI&%}EBﬁP ........................................................................................................... 32
22 BEDTIEREEF R FIFIX F T AP A T oo 35
2N BRI F R AP F G s 36



W P &

Bl— TR % AL 20 R AT Bl 5 ettt 15
= Burkard Seven-Day Recording VOIUMELIiC SPOre Trap.......ccoceveeieneerennienee e 16
= B 1Y L 16 5 1 USRS 17
B P DISNaeciieiecee ettt e e e et e e e e e e e e bt e e eebaeesebaeesbeeesnbeeesabeeesnbeeens 17
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;,)1« Vg ik (X LAY F ) s R H
W B E) AP A il F 2 AH W PR %«4#4}4*':11?&,;;455(1#
(ASHRAEZOOSa&b Burge and Rogers2000) - * #f# % e FiF L & F # AL € k B30
L E et Rk AHE A N BEE & LR S ﬁﬁ.:@/\}ill\ S
'Hﬁiﬁ‘f* o X F ¢ A Pk - Ew FaR A0 -Ei"*‘éi*m{a;féf%\ BY o RF A2 R
FEREHM o A Fe A PPk a2, vips 80 3 ARG
431 ¢nx

BRI et (Ao d

v
® *,?‘ etk G A2 KA E (o BRauE e ) IR A F o ok € n
4 E%Ea = 5% N5 % gk k(Burge and Rogers 2000) -

AR FREHAMOEE AT ART LG 24 1 &2 (Infection) ~ 4 (Allergy )
2 v 4 (Toxicity) (ASHRAE 2005a & b) ok t‘ gt Pl et R kg BT
@VALE@E{'I‘Q‘_:}ZL.‘[?—} A (- D) BT AEEL S 4 B L F P A b
Pk - 4 EE &2 hifackh (Burge and Rogers 2000) < i1 # kF Ay dpdh o F
e e L I R an r+ﬁﬁﬂmﬁk 7 M (Gergen et a. 1992; D'Amato et al.
1994; Burge and Rogers 2000) = &+ § ¥ B F#e + & ef gk > G o Lewis® L F I~
PCIadosporlumm3§'+ kR 2 v%,' £ A ::75 ik (Lewisetal. 2000) - Neas% 4 %=
TP OEIR 108 BIzd 2 Bk et ik e (Peak Expiratory Flow Rate, PEFRs) (- #&
Bﬁ: Fafed F g REGRIE) 0 foa fEE e F (Cladosporiumd-Epicoccum) 2. 3 ;‘%fi%
& 4p B (Neaseta.1996)Delfino% + 44+ 12 B 5 4 vh cniZ 4 i (7 2 @ 4 p 3hicér
F;‘g(atime series diary study)® A% 3R 0 gp & e0F P F sk fe s PR FEe S kARG
it 4p ¢ (Delfinoetal. 1996) o s b » Cakmak % + i&{7— B~ § ¢ E {2 o lach ok
REQEFELER LAY BEFREF e+ (basdlospores)i\g 4v 551 spores/m> &
7 3 (ragweed) =45 3 4r 72 grams/m P RE RN NhE P AL A BKEH A 10%
(p<0.01) (Cakmak et al. 2002) -

VoA PRI RA AR BEAROM > B LT F o A LT S
ARG OA K RISk 2 HEACF Js(skin test sensitivity) > 127 R e for F ¢ A S ol
Fé‘*mi’aéé o M RIFA KA P EAPM LT F G R A F R B R DRGSR
FlRB R Pl - B BRERE (i spl) ¥ g8 AEah AL ERF e
%1994 & > Lehrer % 4 44701 =2 W2 & ﬁﬁ&ﬁ@iﬁﬁvﬂkgﬁﬁ:}%@iﬁE'mﬂ:;j i3
B R ABMES FrE AR FAY G B N AHES FE SRR
(basidiospore extracts) s il § i 4~ i F fge’v’m R e R G AR LR E
(Lehrer et al. 1994) - # + 3z + qjﬁ# Len? b Ragh o b I AF - OHollaren



FAEEy Y gl ’/If_é"ﬁ"')ﬁéﬁp%;%% » F ¥ Alternaria (- &4 2 =t E &) &
ARy AT A R R D R 'ﬂ—? (adj usted odds ratio: 189.5; 95% confidence interval:
6.5 - 5535.8) (O'Hollaren et al. 1991) - # 5 # 4~ 2 %= 3 ¢ » Chen - Chuang % i v &
F (488 &) frigfch g (112 4 ) R R ER B R L R AN E
AR BB OB B (Chen and Chuan 1973) - ¥ “t » Chou % 4 3 _?i 200 i# &
FARMEZL DL GFHRAREY L F Y sféwb’? a7 B 14 (sensitivity) - Candida albican
(14.0%) - Bermuda grass (8.0%) 4 % &R AT|EEF HE Ffricdk @ fof 1k R
7 (the accumul ated sensitized rate) (10%)#< £ ] = #(21.5%) (Chou et a. 2002) - 5% & 14
SR B R T A L REAR A EREERE AR R FAF LR ML -

%7 E e e & (endotoxin) BT E kAp X 51 Y B K LA B
FeopdF AL FAKPoRee b - AL LEG R T DN R A
& 4 (lipopolysaccharide (LPS)-protein complex) (ASHRAE 2005b) - )k & (p & % % &
§ Pl A AR kSR o F OV A § AR AR LR K Stengl B (Milton 1999) ¢ &
WBERAPAZERET T § &SR Frypphentd 2 22FTPEHR
#p B % (non-specific building related symptoms, BRS):: 35 (Gyntelberg et al. 1994;
Teeuw et a. 1994; Michel et al. 1996; Ross et al. 2000; Reynolds et a. 2001) o 4ck & >+
FFREEFZFTHERY (I TR - FE PRI RhESE) ¥ g dray
Zode e W e RGE R R R S BFEZR 7 R FEsk (Fogelmark et al. 1994
Olenchock 1994; Milton 1999; Michel 2000) -

PHEPREEBENIEAGHERE AT AELAE 5 D S 3

%mi ?J#Bi.%; 5o Mueller-Anneling & A M B HE R Bhs e VEF XA F P R 3 F 2
HE o ThFLILY - AFEHA G FF Y BEFRPN S {rPMo B FAP

Mo LR LAl 2 AR ARFAM AP 2 FEAT P DS
@t A WA 0t X & (Mueler-Anneling et al. 2004) - ¥ - i # % 4p 11PMyg
o 3F F ks i 0 @ 7 A2 PR & 4 edg ok (ultrafine particles) ~

Aok (secondary particles) » st ?he ¥ it 53 BB A S RackipM B RE P E 0 @
He ahp 2 27 00 6 $R7ZE 2 243 73 Lk (Stone 2000) - Monn and Becker i
A F M § ¢ R A 10umendick G B F EAR 2 p 4 2 (Monn and Becker
1999) c ~ F P p A FF v R 2 EEME P oA AT 11%? ERED L3 FATH

R A M»&Lmﬁﬁgméﬂnzﬁﬁﬁf%’ Hoorg 4 fhand & KRz - W
LM 4% (Huangeta.2002) - %]t » & # ppe @ p 4 %mgg AARS T FA%E
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A F & KR B
Alternaria bz F # v (asthma) ~ 5  (rhinitis) ~ &5 ¢ 3k 7% (phaeohyphomycosis)
KR A S AR Z
Aspergillus ?‘\ﬁ fﬁﬂ‘ii CEcE IR 2 G B | AT L (Hypersendtivity pnuemonitis) ~ 43 ] (Aspergillosis)
Botrytis PR By PR AT ~ Mg N Yk (brain abscess) ~ BEEEE - A dp ©
Cladosporium 2T F Frh s EBAREA L EL A RR S
Ve
Chaetomium PR By L ERAE B AT S SRR AKR %
Candida 4P E F v
Curvularia R P e N Ak
Epicoccum PR G B P iE AT
Eurotium AL T N Ea # v iff i 47 - Mushroom worker’s disease (# 3 1 1¥ % J)
Fusarium BIRZ G s R A AR %
Ganoderma RGP wE LI AT
Helminthosporium PR G B R AT B 4 S R

Mucor Ry By E R R AT

Penicillium At A E T MACHSE L o o TR K
Phoma BB B R B AT

Rhizopus HIR2 G B SR SRR

Trichoderma IR A o A LR R %

Ustilago E R G B e AT s B0 s B~ f e
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oA R TR F RERPR O REAER Ikt e S ond £
% (Hanetad., 1980b; Han et al., 1981; Ho, 1996; Chen and Huang, 2000) » #]* = *F iE 47 f
gk BNAAR Y EEM o Ra sBTE Y > 2 FERT N ARIRRY L P ok
FRe g o3 (Li and Kuo, 1994; Li and Hsu, 1997; Wu et al., 1998; Li et al.,
1999; Chang et al., 2001; Su et al., 2001a; Su et a., 2001b; Suet a., 2002) - & % % £ ) 0
S A PR TR G et Ty ¢ ’#ftfﬁ AR RS Y ERMASEE A TLE
BMEFHR o R oo FlERE S F 2 (ﬂ PR Ed Tawier s i Adg
PRREAREER ) AZTESFPERALTEERA B A LT LEET - R (W
AEfrE a2 M) (Luetal., 1969; Tseng and Chen, 1979; Han et al., 1980a; Han and
Chuang, 1981; Han et al., 1981; 3 4 1 %, 1983) -

"ARANEY BRI FAZINE GTERARE LR FLA S F P A SR
kAt g od AHBLERBLRFIANREEo P FaroEs - BEES(S
AR LS S s F TS f R ) A nld C BEEE RO L E T
BT B2 B RSB 9 # * Burkard Portable Air Sampler for Agar Plates% Burkard
Seven-Day Recording Volumetric Spore Trap = 84 &3V 5 F > M2 &~ 5 ¢ E F2 f&
KRBRER - FEARERTRESHFEFF LG %F’]Lﬁ-@dt% ot R 1P w
Sa 0 R U Ee Fma A (R F, 1995 Ho, 1996) » & ¥ 37 3 B o E
W3 B E R A E DR (B4 sporesm®)  F)pt iR e pIe S kRS H 6 Ap M AR
TEFVR -PHEEAT Ao B RS- & (AR82E42 1832 1p) 2%H
REFR R IHRLES Y PEF A WIS EF 2 {5 Ganoderma (12 3 ¥ H1IR
117 * )~Cladosporium(12 i * #1510 % * )~Aspergillug 12 i * #1359 B * )-~Periconia
(12®* Ji3 9B * ) % Nigrospora (12 i * “"IFLGTB;E )e B¥ - = tHE RAE R
7 ¢ o LinfeLiz®ik 1995 # § ~ 4 A ¢ » o4 E 4 "% (fungal aerosol) frz %3
Ay EFRFFE2LG e ZFT 2L ‘Eﬁ'#fi i Andersen one-stage viable sampler >
PR- AR EERE WA RBEIELBEFEY S AR ERE (& 3 - ) 0 &
BEBRLIREF 32 LR -FIREET AR E TR 2V RIREFERAASY
% 2,835 CFU/m*z 2,651 CFU/m® (BfeTiad); % TR A~ %5 1,107 CFU/m®z 2,248
CFU/M®- 5.3 & Flik &R &5 R 25-30°C ~ Ap$HiR A& 60-70% ~ ki [ 3T 1m/ss R eXs
ER NN KR KRR o ,—;_:p AR ArF BT 2 F G EF A AT & (Linand
Li,2000) - b ufz prp k2 Hid St f s F @3 m#prﬁgv;};&gﬁ’r%% e
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Reference

Materials and Methods

Title - - Sampling Results Conclusion
Year |Journal/Author Area Duration Population
1962 |¢ %%;ﬁ/iﬁé‘@ ot e S B 1961.5~ AL F i |m TR R s = ¥ 8 : Cladosporium, Cladosporium 54% " W E L KB
EoRAF o AT B [k S S RAR 19624 A g4 R Alternaria, Fusarium, Alternaria 2.4% Jﬁﬁ Y g
F1E sy kB LI S SUSRC IS 3 Helminthosporium, Fusarium 28% R N
* ¥ i = 12 Calberla’s solution % 4 Brachysporium Helminthosporium 5.4% "L F Y R
" R RELEET THmAEE I~ Brachysporium 9.2% P
%
" e 5 el
EAEEAD
BT
1969 |[Chinese Journa |Air-borne Taipei 1965.6.16~ = Sabouraud Agar = Mold shower i & & % % LR S
of Microbiology [Fungi in 1966.5.31 " dre g 1~2m = Mycelia: + = 7 RalEpy
/Y.CLuy,JC Taipei City " %% 102 204 48 = Penicillium: = #
Tzeng, S.C T = Curvularia: ~ *
Huang = Aspergillus: ~ ~ 4 ~ - 72

Cladosporium 40.83%
Mycelia 12.9%
Penicillium 10.74%
Curwvularia 7.72%
Aspergillus 6.14%
Rhizopus 4.08%
Rhodotorula 2.54%
Alternaria 2.21%
Yeast 1.39%
Fusarium 1.24%
Candida 1.24%

Mucor 1.01%

Cephal osporium 0.57%
Helminthosporium 0.52%
Trichoderma 0.38%
Pulllaria 0.28%
Paecilomyces 0.19%
Nigrospora 0.14%
Scopulariopsis 0.14%
Oospora 0.09%
Unidentified 5.66%
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Ao SAEERAFYEARMAL (X))
Reference Title Materials and Methods
- - Sampling Results Conclusion
Year |Journal/Author Area Duration Population
1976 |28 #BEEs |24 F 5 | o0 BiRAdc |19747~ = Durham = =% 4% & 5 =g VAT i R S = gt 2 Alternaria, Aspergillus, n g gy
a? ’ éﬂif% BoE|F P EThR (B 1975.7 -4 g R = Culture: 29 48 # f Cephal osporium, Chaetomium, EHEEIITA
A,L%f::t{ ES- 0] -12 Calberla’s solution % ¢ = 2t ¥ 5 Alternaria, Cladosporium, Curvularia, e
A b RS -BE RCAR FE T Aspergillus, Eurotium, Fusarium, Ganoderma, LIRS
= Mehrlich 3§ 75 T 4 Hormodemdrum, Helminthosporium, Hormodendrum, | 29 # & 5]
-% % 20min Nigrodspora, Penicillium | Leptosphaeria, Nigrospora,
“FT Penicillium, Plespora, Rhizopus,
\enturia
= Culture
224 ¥ % :Alternaria, Aspergillus,
Eurotium, Hormodemdrum
Nigrodspora, Penicillium
# 2 Curvularia, Hemispora,
Rhizopus
1979 Tawaniad  |% # # % |Tape 1977.5.1~ = Two standard Petri dishes: 734 Cladosporium 28.13% " EREERT
LR =35 Ap 1978.4.30 1.Sabouraud Dextrose Agar ’1?]";’* Bt XA>E X Yeast 27.08% AL BERER
M 5 2.Czapek’s Solution Agar " FEEEIERZ R G |Aspergillus 7.52% ¥+
= % % 20min B Penicillium 6.88% = Cladosporium
T Curwvularia 4.15% &5 F LehiE
Alternaria 2.96% FABAE
Fusarium 2.52%
1979 voE gk e T 1977.7~ 107 f=vf e i (m & po oo il 4 g B2 8 048 ",'—116%%?’] e X g '%45“%}.&'5
124 Feorsk |e ot oA AN (19786 WA A <4 d "EHESAF R Penicillium |Hormodendrum 62.4% | 3 4«
FR 3 AEssig |2 pgER m&F 1 1P Th I PDA TR Cladosporium, Fusarium |36.8% Fusarium 16% A XA
WEaTZ M % " ROl N RIGE Penicilliun, Aspergillus,  |Aspergillus FE TR RE
Alternaria, 3.6% " LA REAE
Helminthosporium Fusarium 8~10
T O 15.3%
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crPRAFPEARMAL (F)

Reference

Materials and Methods

Title - - Sampling Results Conclusion

Year |Journal/Author Area Duration Population

1980 | ® Ficdpedd/ |d e w5 |Tape 1974 4= LI AR = Acremonium, Alternaria, Aspergillus, Aureobasidium, Botrytis,
iR E o i [F P kR = SDA CMA Candida, Cladosporium, Cryptococcus, Cunninghamella,

Fo4Fm k(2 He3 Curvularia, Drechslera, Eurotium, Fusarium, Geotrichum,

T EAN Gilmaniella, Monilia, Mucor, Nigrospora, Paecilomyces,

BrEF OB Pencillium, Pestalotia, Phoma, Rhizopus, Rhodotorula,
Saccharomyces, Scopulariopsis, Trichoderma, Trichosporon,
Trichophyton, Trichothecium, Ulocladium, \Wallemia,

1981 P EF A e *RPFER 1976 = Durham = &8 4E & =214 R EE SRR

EiE o EAS FPRKEAR |PiaT Fre =g gy = 4t 2% Cladosporium, Nigrospora, Fusarium, Ganoderma, S
FeaETE (%% za%%r;‘p Alternaria, Curvularia, Branchysporium, Drechslera, Pestalotia, = 7 » |-+ % # 3%
L ERE R \enturia, Chaetomium, Leptosphaeria I EYE
. > “?]‘753,: g>F >a>H
" L3R e 4462/om?

1981 | ¥ ZFjcaeid/|d A0 %S (oS Bk |1975~ = Durham = &8 4% & " TyohErs g 5656/cm? LR R AL
inE o HA|F ¢ Rk 1979 LI R s = Cladosporium 2343/cm? 3B
HoipEoH|IEEES = Nigrospora 933/cm? LI E
oo B EHDE = Fusarium 394/cm? " Trk gt B

= Alternaria 160/cm? I ARR SR
= Ganoderma 394/cm?




22 c#¥EwRAFYERAMAL (B
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Reference Title Materials and Methods
- Sampling Results Conclusion
Year |Journal/Author Area Duration
1983 | s xfEdopf e 27 R &A% (1980.10.3~ = Durham = {84 A 5 "2 12/ # & H% 7% # =|Cladosporium 15.13 LI 4
T/EAAL 0 (4P 1981.10.2 = PDA > *pf]hw 97 i+ i;“p%]‘% 7% » |Geotrichum 10.75% - R AR “ﬁ/é-
o M " EAT A 3 EE LB Phomopsis 7.8% hAPER
g gi-% A0S ¢ =2 8t |Penicillium 6.72% " i dap g2
g Phoma 5.33% A S
"t E ik 0§ A L 4 | Aspergillus 4.04% EET R e
A5 b § Alternaria 3.66% LI A
" FE e A PR & £ 28 [Nigrospora 2.92% EHpgL LA
B~ AREHBRRT M Pestalotia 2.34% P A& § gl
LIS X S ] *pf};%“ﬁ;:dv‘ Curvularia 2.13% < 3R
i Ap B Monolia 1.93% LI RS g T
Fusarium 1.45% A g
Arthrinium 1.07% LR R F S o8
B RS iR
3
1995 FEFRE] |SAFEFLL |5, B, |1993.4~ " Burkard =~ % p i fed (R EE M FECE ) sK(MY) SP (R T) BRL(E ("B i T
MAF BT ZER |s¢, 58, (19943 HE ) BBE ) S e 3%
REASFES |2y, TE "Burkard T4 I HEE (R I Bz PR S EE S TEES LS I0E - E
AN " Faa ~ )b
-+ 185 %,
-4 & =357 Alternaria, Aspergillus, Cladosporium,
Curvularia, Drechslera, Fusarium, Nigrospora, Penicillium,
Periconia, Pithomyces, Semphylium
® Cladosporium, Aspergillus, Penicillin & > 4 B4 ffd
= Ganoderma, Cladosporium, Aspergillus, Periconia, Nigrospora %
oM R HA
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Ao SAEERAFYEARMAL (X))
Reference Title Materials and Methods
- - Sampling Results Conclusion
Year |Journal/Author Area Duration Population
1996 Aerosol Size S 1995.6.21~ = Anderson Six-Stage Viable T RkERBL D | X %X ek R Kt
Science/ Characteristics of 1995.6.28 Sampler 1700 CFU/m® Penicillin 6.5% Cladosporium 14.2% X
th2 & Fungus Allergens 1995.10.18~ = MEA Yesast 3.1% Penicilliun 3.9% " b SRR E AE
R in the Subtropical 1995.10.25 mERRILE X108 Aspergillus 2.6% Yeast 3.2% Atk size:2.1-3.3uym
Climate o R - = Alternaria 1.2% Alternaria 3.1%
Paecilomyces0.6% |Fusarium 1.1%
Fusarium 0.6% Aspergillus 0.7%
Trichophyton 0.2%  |PaecilomycesD.2%
2000 |Aerosol Science|Associations of oA % | 1995 Anderson One Stage Viable =g "EREREZS
& Technology / |Fungal Aerosols, |-+ % Sampler -+ % 2835CFU/m® AF~F 97T M
Lin, W. H. Air Pollutants, and |-;# 1+ -i# & 2651 CFU/m?
Li,C.S. Meteorological =i
Factors -+ 2 1107 CFU/m®

-7 )t 2248 CFU/m®
ERARBERNRA

-8 B 25-30C

- ¥R R 60-70%

-hi# 1m/s

SN

"REAEREOIER L f AP M

®» Cladosporium jk & &2 s & i~ & 4 & & 4p B
= Penicillium, Yeast22 PM o & 1 4p i




23 & 218 3??1"*4 P Bk 2 4p B 1

A F P ASPAGR R R RRL ARSI B B ol R A
' + g B A PRI R R e o T R R R A kA
Hege s (3 ¥ oAy gd Rﬁi@ﬁg‘]tljr,«?#« ool A P E RSLL o A Mo d PodpE
g g = o év’ﬂ*f? f*fsﬂ’ F € 5 d T\ﬁ_@@ (4ef % By B ke Bk b ehjic? ) B8]
%33%ﬁﬂ+;§gz SN gﬁa T E KRG AL AN B e B ke SRR (T ﬂﬂb#%ﬂ:]ﬁjm

Vi Qe LI L I (Taylor 2002; Pohl 2003) > &4 » 51980 & 4= Hp B 45 0 SeBh ot
AR R t‘]— fé L3F: a1 ];—]ml)\ﬁ&m o= o BB A E R "F’.’Téf FILE T oA A
é%‘ﬂméﬁwﬁﬁg‘oﬁmp HFFRMNABCFER B R SR W DAL

FZALG Y PR AR B D R e B P g miﬂm(Asperglllus) SORLRE N E A
Ginger Garrison 3. 5 H i Fllw F % i3 = S 0w e B-crE 6+ 3 B (Pohl
2003) 'L'%";_;,.l}?s’ ‘H?]?]’ff'g’ | H_/-ﬁ—%:/}ﬁ;:\:" ’Eﬁmg.ﬂlrﬂ;}»ﬂ#l,ﬂﬁl__%_/%m//

A2 B3R % ’“ﬂm%% § IR A BE B R M T A T T e
dhd BB ARG AP AR A e o b 2000 EE R AL 7 e
v F‘”"’\ﬁln\‘é%:a'\l‘ DB R ERE -V ERDPFEF A FER o BEY

T wih B fosii) B ) FFOTRLE T enE ﬁ—];féi\ﬁ”ﬁ BFaoL B ivk A WE RV A7)
;W&wﬁ@ﬁ%kﬂkﬁﬁﬁﬁwtwmddima o Wu & £ B & -4+ 2000 & 12 *
322001 # 4P A ENEFELEEANAT TR ST A F P ERHE S ONPE
ERATE EXIREE - 58 m > Baddiospores, Aspergillus/Penicillium ~ Nigrospora -
Arthrinium ~ Curvularia ~ Rusts ~ Semphylium ~ Cercospora ~ Pithomyces % » %7} B- % #°
FHFAEREFR 2 AEDF (Wuetal 2004) - Ho %« p 1994 # 1 * 3] 1996
E#30 AREREFSFYERFEFIDER BESFREMBE FIeF kR A ERE
HREREFREDAED T 2 R E FIE + - Cladosporium ~ Ganoderma ~
Arthrlnlum/PapuIarla ~ Cercospora ~ Periconia ~ Alternaria /4 2 Botrytis (Ho et al. 2005) -
SEM YT BE o T\ﬁr@ﬁ:] R - (et BT B A (el o SRR S
BooHAKEREZ 2 BREDBELLET FLAR -

24 ).

i

dONIEAHE A RS F R TS AR 2 DB RN 2 ¥ A adgd (Guoetal.
1999; Yang 2000; Patino et al. 2001; Strannegard et al. 2001) > & {7 =~ § ¢ 2 $= P jck ok
BiEE I i3 .g;ms:;@ P AR BN s 2 g R B ond B R 195 %n‘iéjgk
VAT UER ERE AN F FLELL A F 0 A SR T REEFED TR

2 AR A pﬁ' P TR LB R R oo @ wﬁ@ﬁ?}il— che S B Rk R
BARAFP Aok 22 kR > FI T A MER - UREAEHARI FEE 2
A RFBB DR

14
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Js

¥ OHFEE

31 % %

AFT L 3 E TR R AR AT B R R T 7ﬁ4#%ﬁ%%*5“d’1>*'wﬂﬁﬁ
FE e ARPIREZASFPARPeRREFEFERAE ¥ L2 E FiESR (Aternaria
{= Aspergillus) ~ 2 2 s 4 % (endotoxin) o # P fie & ¢ &« & F g s ﬁ_ﬁﬁj&@»
ﬁhﬁﬁﬁ4lﬁ%ﬁwﬂhkwi/WaﬁﬁﬁiqéVW”ﬁ%Lkﬁ’ﬁ
PR AR B Ap Mt g o gt o> AP AR T IR T ERE 2 A F AR
APHFEEI PP IAPEF EF)F 2 F 545 (ki " RITESFE) 2
@ﬁ°i#ﬁ&ﬁi;ﬂﬁ#£%ﬁ%$£%4“§’Mfr?pk&W‘iﬂ&:7
AP IR R B 2 ApBE L

32 2 itz BRI BERE D2
321 HHEH B

PP APk BRI TR R A IR AR BB B T (Bl - ) o A IRBTR AT
mﬁw*‘%%%ﬁ #O0F 0 p 92 & 30 Anie(TE p 24 P iEE o ToplT A4
R kRS e E BV E S (e s A EBAERE ARBRBERE ) TR

%«gﬁﬁ? -

ﬂ-ij-xr

L

R S T e
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B2EF RGFHE 2

AFFAERT 2 AP AR IEE RS - F L2 E B R (Aternaria -
Aspergillus) ™ 2 A # % (endotoxin) o # B e + 3R > 34 ¢ * Burkard i 12
3z + $ & B (Burkard Seven-Day Recording Volumetric Spore Trap, Burkard Manufacturing
Co., Rickmansworth, England) (Bl= ) 27 € « P HEFRBLZRE I A PPk L E
B2 &%= 2 - American Academy of Allergy, Asthmaand Immunology (AAAAL) #7i& =
2. > % Aeoallergen Network » i * s F > Mk -2 2 § %9 Y DR 0 F
TERA R AR (FH A SRR E AR ) KF PR LT Ry o A
AT OOBREASE Y FHEHREE A EOAETRS BN E FERELIE B AL
Fag- AP Hfko nE 2 oA mERAF P LA AR kR L ARTH - <
P BT R s P A B2 A KPR AREPEFA I RK DD T 7R Y
Bk R & ﬁi@@?]i ® (s B HJ2 B asg 2 k&R R - Burkard i
FHwFHEHR B g 5 10 liter/mins #-2 § p 2mmxl4mm sa o @ d o~ o @ 4 F ¢
Roriopabd b § e PSP %Y 2 (Mdinex tape coated with Gelvota
solution) o # 4 B2} LT T G - EF 0 BHEBEEL B v N HEEY T LD
B AL UK SO RS c B R ARKRRELEIREFY D B NE 2
BAPTFFBP 23 BErFHRFETILE A7 o

Bl= Burkard Seven-Day Recording Volumetric Spore Trap
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B2 2% Burkard s 3 + R ET MR R ok 2 R TR ER 2 Ry 0 KA
£ xd-*" hBH L ek et A (Al ]?]3‘ ks igar o N H B R TR G OPRFED e
o SHR MR AP PREAIT G AR AP RERY AR B
ﬁ % (Trichotomous Sampler) it (7 #ic=t i F e F Aok 1k 0 L AR BB R EHFEE R
PR EARWTR AR AR PI T f 0 PR 0 §RERTREER O F R X
Foo Tt * Lk pok R B (Micro-Orifice Uniform Deposit Impactors, MOUDI ) ( ]
Z ) AP F LFE e R BT BATOR R (A BEF- X 2
AR HEERE A ) nE2HERAF D E > D AT Y m&ﬁpﬁ%ﬁ*(wmplmg
interval) o d A FFFTRIZ AP RTEAL 2 A FE R EFTH 'ﬂ“
EA R S 2 PR (sampling interval) » 3B R AT A2 AR L/f*»'t‘f._,_
i¢;ﬁaﬁ%$:%ﬁ#wﬁﬁm4%§6’ﬁ%ﬁiﬁ&w@**héﬁtﬁﬁ
ﬁ’ﬂﬁﬁﬁ%ﬁ&ﬁﬁﬂmi%%&ﬁma@mm%iww%’i%ﬁﬁpi@%%
AT R RSZHORE EH AT B R AREFRONF FER > TRZHRE
PR RPER o TP Aok ER B2 R 5 30 liter/min s Ak & ok s (50% cut
points diameter) 7 10~56-32~18~1-056~0.32~0.18~0.1 2 0.056 um - -+ Ff:g fic
PEEREBZHERAF 5 i (polycarbonate % fiber glass filter) » = & & #jg %K »
§22 e 50*1Immpetri dish # (Ble ) 7 » = FEw F 5% 3 4 53 4°C

Bz Petri Dish

17



323 2453 &

FEL AT 2P RF o f R R B RER (5 X)L UB
T#F A AL B HT AT PP R B R TR
1o 3l i+ mﬁitEl o ﬁ‘ga—:& F85F ¢ 5 © ascospores ~ basidiospores ~ Alternaria
Arthrinium ~ Aspergillug/Penicillium ~ Botrytis ~ Cercospora ~ Cladosporium ~ Curvularia -
Drechslera/Helminthosporium ~ Epicoccum ~ Fusarium ~ Nigrospora ~ OidiumVErysiphe ~
Periconia-~ Peronospora~ Pithomyces-~ Polythrincium- Rusts~ Smuts~ Semphylium- Tetraploa -
Torula 2 %2 Ulocladium » # /3 + 71 # RIGF % 5 unidentified spores - FpEFHEFER
m*-‘- A \,gr,—r :

®

,:\‘L L‘” /5’ < A= -
@3 Fe > kA (sporesim®) =" i d er‘ B 1?]3&? —fﬁ‘nk(number o: spores)
SRS WA (M)

_ 8T8 3 e 5 B (number of spores)
0.298 (m?®)

BRSBTS - RS REEE R FEARRE N A DA o S
FAREAFPESPEREMR S FIMEINPRERAEHEEFI AT EE 28
iEE Rl e dE D PMsgo PM3.210 PMi32% PMooss1 © & E 8 AT R h3R > » L] * PBS
(phosphate buffered saling)i& {7 5B~ » L B3 B il 5218 B 30-20°CT 735 » T F 84 47
ELIEASPEER & i :J«,‘g,,z iAo B FBackR (AlternariafrAspergillus) 4 45
RS BRI AR T (EnzymeLlnked Immunosorbent Assay, ELISA)i& 5 (BT ) -
T F R F F R0 g A & 80°CT * 2M Methanolic HCIj it 16 /] pFts » i2 7 § 4
ok HEoaTA L R Al # 40 & 47 F % & (Gas Chromatography - Mass Spectrometry:
GC-MSMS)it (7 b 4 % 1 # 4 #& 3-hydroxy fatty acids (3-OH FAS)2 A 45 » i 113% + §
PREFakR

- GC-MSMS
Bl ELISA Reader i

18



B3F AFIHAFARPERMTRL B

FRFF < F 335 (okg ) B ?d 2R kR G 4 Dip i
(Lewiset a. 2000; Linand Li 2000; Ho et al. 2005) - # # < & % & 4f &3k B2k % F A 30
PRARSPREDERE ~BRE S he M EEF %F]F 002 L5 s F it F 0t
o~ — F YA PMypo® PMas% 5 442 & p Z R TR > (75 Ts-’”::‘%‘r o

4 FHA $

T oA g 12 0 i * Microsoft Excel o 45 it T hE A TR A
17 B 2 * SAS (SAS Institute Inc., Cary, NC) % Sigma Plot (SPSS Inc., Chicago, IL) v+ i
W AFPRRERP A2 A G APESPRAZEFFFIERR > M2 7 RRLHK
# (PMs1o » PM32.10 ~ PM132 ~ PMogse1) ® #73 P & % ~ Alternaria® Aspergillusif 57 i
ZRR AP HFHEET R AN RETRIZ AR AG 0 T HHE HiE T
CRE LN R LA S F I AR R G i) NEARRI AL e g i
k=% > T 4 * Exponential Correlation Model 47 41 £ 48 & & #7i& = 2 49 B |+
(autocorrelation) -
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A&

el ABIFREZERFEREA L

il

41 3 T TRlLE

IHE SRR DA REFE S E T TIORRANAZE T P HEHFE 1110
TiefT o Y 40 G FEE RIS B AR AT hR TR o R h 94 E R e
He

CENAEVRTFE R G - () RER G T RPEL 47 1383 47 229 ’

A A SRR N AN EREGR TR ORI L  DERR LR
P EFT R L4 13p 3 17p -

4= 2005# 13 10 ¥ i?ﬁé—”r}%ﬁﬂ LTRSS
R

AR EHRp Y | A K + T ik & (spore/m’)
7 R R 4/13 ~ 4/22 9 2486
- 1R ER R 1/25~2/1 7 1934
RN E RS 2124~ 313 7 1585
= R R 3/24 ~ 3/31 7 908

w0 TP R 4/30 ~ 5/7 2 —2

I lEE 5/24 ~ 5/31 7 1928
& F-3:1 6/23 ~ 6/30 7 2966
=0 R R 7/25 ~ 8/1 7 2427
AT R R R 8/25 ~ 8/30 53 5065
17 TR 9/24 ~ 9/30 6° 1019

A &S - 10/24 ~ 10/31 7 1366

PR R AE - By
e ) e R Ak B % P R T A
SFlHeh kBIHREHRT SR

22512 10" ERws RS2 kR G HY ¥ LY ERESR D2
ascospores ( + % 7 + ) -~ basidiospores (43 + ) - Cladosporium ( 4 $3 + ) 2
Aspergillus/Penicillium (8 F/+ &A% ) > 2 T3k AR 4 5 5 71189 spore/m® + 495.38
spore/m® ~ 483.71 spore/m®z  248.91spore/m® « H 5 1 AT & F (>65%) o 2 T ok B K
HE FFAAE ¢ dEFusarium (377 & F 6 ) ~ Arthrinium (& % 72 45 ) ~ Curvularia (%72 fi
7 ) ~ Alternaria ( 2 4 # # 4 ) ~ Periconia ( 2 & =% % ) ~ Torula (Flpz=+ ) -
Drechslera/Helminthosporium (#5737 @/ & &5 % & ) H T kR A% 5 19.50 spore/m .
19.99 spore/m® ~ 20.04 spore/m® - 7.78 spore/m® ~ 10.31spore/m® ~ 9.53spore/m® 1 z
8.12spore/m® » A2t & 2 LR B AT 2EE 4 4 A O3 ANk AT AR TR T S A
ERDSEFREAAT - RoTR AL R &F L4 5 Non-sporulating Fungi (% & 2 32 +
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2. E ) ~ Cladosporium ( » 32 + () ~ Penicillium (  # ) 12 2 Aspergillus ($87)
(# 2 £ 2004) - Ascospores? basidiospores# % # + i€ % 12 Non-sporulating fungi £+
743 Ay @ Penicilliumz Aspergilluss F %3z + chd| s » 2 A 3R £ 8 > FIP &£ 3

& -

e r+*

o

Bl- 2B+ ~ A5 L %E Rz - ascospores ~ basidiospores ~ Cladosporium -
Aspergillug/Penicillium~ Fusarium ~ Arthrinium -~ Curvularia ~ Alternaria ~ Periconia ~ Torula
% Drechslera/Helminthosporium1—10 * >k R A 5 c RE F#e+ kAR =37 »E ™ 8
PinkE 0 7 PR SR (B ) Ascospores % basidiospores sk & ¢ % F PF
B (87" kB ) 3" PEEALKN (BANZ4 ) 287 *TE% 3] 5 Cladosporium
BRI REY -V fre P ERKF c HXE 20 20 ferd (B ) o
Aspergillus/Penicillium ek & it 20 B Ak RAR I > R ETRF - TR (BL- )
Fusarium fv Arthrinium sk & % RF & B3 2@ A5la- 2 2~ (BL- 22
Z)eCurvllariaemk & &% ~# 3 Tf§ >+ TH5 M (B -+ =z ). Alternaria 2 Periconia

ERRLFABREE 4B FT2TF (B2 ) Torula ik kG P
oz &gt (B - ). Drechdera/Helminthosporium )k & % * &2 3 E F 2
Aspergillus/Penicillium4p iz » § T ERP R FHE T8 (B-L N )e
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ac

2w 2005# 13100 B %S AREFE RG]

} AR ek o %) Tk ¢l RFAL B] B
Ascospores + f 3z 100.00 711.89 526.85 736.97 60.40 5057.05
Basidiospores e+ 100.00 495.38 275.17 540.14 13.42 2711.41
Cladosporium T i< i A i R 100.00 483.71 231.54 562.17 13.42 2291.95
Unidentified fungal spores A &< 112 B Rz + 100.00 53.93 40.26 58.87 3.36 469.80
Aspergillus/Penicillium bl f{q/*)?“ wH 98.55 248.91 218.12 185.91 0.00 781.88
Fusarium A EA LR 7 6 91.30 19.50 13.42 22.23 0.00 127.52
Arthrinium aF 81.16 19.99 10.07 29.96 0.00 211.41
Curvularia 32 KA 73.91 20.04 10.07 23.86 0.00 104.03
Alternaria £ 3 6 69.57 7.78 3.36 11.89 0.00 77.18
Periconia 2ETRR 68.12 10.31 6.71 11.22 0.00 40.27
Torula Flpz= 68.12 9.53 6.71 16.56 0.00 117.45
Drechslera/Helminthosporium  ¥%7 )/ & 457 & 66.67 8.12 6.71 8.83 0.00 36.91
Pithomyces FESER ik S 34.78 2.19 0.00 3.68 0.00 13.42
OidiunvErysiphe ¥ Al kR 33.33 6.76 0.00 24.42 0.00 194.63
Nigrospora 2w+ EEAR 30.43 1.70 0.00 3.62 0.00 20.13
Botrytis S 45| 26.09 4.23 0.00 9.76 0.00 57.05
Smuts 2 ﬁ;}ﬁa 7 23.19 2.04 0.00 4.54 0.00 20.13
Semphylium 7R A 18.84 0.88 0.00 2.05 0.00 10.07
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#® 2006% 1% 10 B {7 AmAEF 2 kAL G (F)

} AR ek %) Tk ¢ el RFAL B] B
Tetraploa — 15.94 0.58 0.00 1.40 0.00 6.71
Peronospora SR 11.59 1.65 0.00 7.38 0.00 57.05
Rusts & 7 7] 7.25 0.73 0.00 3.54 0.00 26.85
Cercospora k 32 7 5.80 0.24 0.00 1.05 0.00 6.71
Ulocladium HH¥E R 4.35 0.15 0.00 0.69 0.00 3.36
Epicoccum IR R 1.45 0.15 0.00 1.21 0.00 10.07
Total Fungal Spores BERFEFERR 100.00 2110.40 1828.86 1536.86 288.59 10647.65
7 Fz kA H 5 spore/m®ar o
2@$1%§%;p B (£ 69 %) EhL MIRF A S (IR H/E9)
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3¢+ ) -~ Nigrospora ( 2. ¢ 7+ # #F 4 ) - Oidiunm/Erysiphe (#s72 @&/ v #5 )
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W = b A (413~ 4/21) T e AR

Fungal Taxa (3/24~3/31) |7/ A% Rl 24  4/13~4/177 4/18 ~ 4/21° (5/24 ~ 5/31)

Alternaria 3.84 13.42 12.75 14.26 3.84
Ascospores 202.78 331.10 174.50 526.85 898.37
Aspergillug/Penicillium 88.69 263.98 258.39 270.97 204.70
Arthrinium 15.34 27.59 34.90 18.46 15.82
Basidiospores 112.18 619.69 436.91 848.15 563.76
Botrytis 10.55 8.20 14.77 0.00 0.00
Cladosporium 400.29 1075.69 822.82 1391.78 139.98
Curvularia 0.96 7.83 4.03 12.58 29.24
Drechslera/Helminthosporium 3.36 10.81 8.05 14.26 10.07
Fusarium 10.55 11.19 10.07 12.58 12.46
Nigrospora 2.40 5.22 7.38 2.52 192
Oidium/Erysiphe 3.36 7.83 9.40 5.87 1.44
Periconia 9.11 9.32 13.42 4.19 7.67
Peronospora 0.00 8.58 11.41 5.03 0.00
Pithomyces 0.48 2.98 0.00 6.71 0.96
Rusts 0.00 2.98 537 0.00 0.00
Smuts 0.00 1.49 2.68 0.00 5.27
Semphylium 0.48 0.75 0.67 0.84 0.48
Torula 7.67 24.24 9.40 42.79 5.27
Tetraploa 0.48 0.37 0.67 0.00 0.96
Unidentified fungi 35.47 52.57 49.66 56.21 25.41
Total Fungi 907.96 2485.83 1887.25 3234.06 1928.09
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@
P4
1\}

f? AR Bm33+)§fiﬁ$ e FFE G F
PR E G AEFDLT B o ii‘pf] —”r‘}aﬁ}:ri’——%m& 7 f 4P (B=-0.0047,p=
0.0105) » + At - X g+ » & %ﬁf;&:?’é‘ ] mﬁfﬂxw Ok RE I o B E I
+ kR 2PMost B F b (S = 0.0326, p = 314) s BEPMyosidp B 12 BT E (S =

gul

0.2959, p=0.0510) = p* Ap B f2eis 23 & B F] 5 E Fie + 5 % § ¢ RiFiok a2 5
Z- c RERACPFLERLIFRFTRE T TN 53 %L#f"‘f T CO s Be g
SOz~ NO ~ NO2% NMHC (Non-methane Hydrocarbons) - ¥ ¢ & /2 & «h&_> 32 7z +
ERE SRR SEAw kR BFEHM 0 ¢ F2PMyp~PM2s~ SO~ CO~NO -~ NO, 2
NMHC: &% 5 #&AF 28534 AFIZE S RE FRE-HFL o d W F5445
R AR Bt S RA Y Ry CORREFFEFRA T HEAM -

- BFRPFIEREF $FIFfor F 4P 24 6

RR 7+ [had Tiogk HEFL EAJE KA E ¢k
PM1o pg/m* 43.03  23.38 971 11275  36.34
PM3s pg/m* 2954  16.42 917 7242  26.40
SO, ppb 7.75 431 247 2016 7.08
coO ppm 0.67 0.25 0.28 1.47 0.63
O3 ppb 2793 1016 1059 5530 @ 26.72
NO ppb 3146 1299 1405 6915  29.40
NO ppb 7.51 7.20 078  35.10 4.81
NO;, ppb 23.95 756 1171 4709 2353
THC ppm 3.16 0.34 2.75 431 3.06
NMHC ppm 0.82 0.25 0.51 1.62 0.73
CH, ppm 2.34 0.16 1.94 2.85 2.33
Wind Speed m/sec 3.22 3.88 073 1502 1.92
Temperature °C 22.42 7.32 896 3005 2534
Relative Humidity % 6557  20.85 748 8503  70.80
Rainfall mm 0.27 0.58 0.00 2.50 0.00
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0 RE AT RALFHS 1

=S B i e t Value Pr>|Z|
AR 2.6295 0.124 20.97 <.0001
£ R (°C) 0.0160 0.0040 3.99 0.0002
7 X w1t & (mm) -0.1230 0.05622 -2.19 0.0323
CO (ppm) 0.4060 0.1204 3.37 0.0013

Y 2 ik R H = 5 spore/m® air
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