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R3 SEESHOREE L ) OB IR ES
B H & & (%)
Y OREE El Z% (n=31) % ES (n=46)
DG 1855 H PDA Fiith DG 18524 PDA £t

B BZE 4R B BE AR AT BE AR B BE 4K

Cladosporium 97 94 100 87 90 94 76 65 93 80 82 87
Penicillium 94 84 84 74 81 90 76 74 80 78 70 70
Aspergillus 84 84 68 65 84 68 63 65 51 52 57 50
A. niger 32 65 52 42 61 48 22 4 7 15 5 9
A. versicolor 35 26 3 13 10 6 26 33 20 33 34 20
A. restrictus 39 23 26 0 3 0 39 33 18 2 9 2
A. flavus 6 16 19 16 13 10 2 2 11 4 5 13
A. ochraceus 6 10 3 0 10 13 7 2 2 9 5 7
A. fumigatus 3 6 0 3 10 6 2 2 0 7 7 7
A. candidus 0 0 6 3 0 6 4 7 2 2 9 7
A. terreus 0 3 3 0 0 13 0 2 0 0 0 2
A. clavatus 0 0 0 0 0 0 0 0 0 2 0 0
Altemaria 39 35 55 48 52 55 9 0 24 13 2 30
Wallemia sebi 26 29 16 0 0 0 30 33 18 4 5 2
Eurotium 32 29 26 6 0 0 17 24 18 2 2 0
Paecilomyces 16 13 16 19 23 19 2 9 4 7 7 2
Arthrinium 13 10 6 23 10 23 2 4 9 11 7 20
Fusarium 10 6 39 19 13 29 0 0 4 2 2 4
Curvularia 3 13 16 19 16 26 0 0 2 0 0 0
Aureobasidium 3 0 0 6 3 3 9 4 11 13 14 13
Pestalotiopsts 3 10 6 10 10 16 0 0 0 2 0 2
Nigrospora 0 0 0 19 10 16 0 0 0 2 0 4
Mucorales 3 6 0 10 10 6 0 2 2 4 0 7
Coelomycetes 0 0 3 0 6 6 0 0 7 4 7 7
Phoma 0 0 6 0 3 6 2 0 4 2 2 7
Pithomyces 0 3 3 6 0 3 2 0 2 0 0 0
Geotrichum candidum 0 0 0 6 0 3 0 0 0 0 0 4
Chacetomium 0 0 0 6 0 0 0 0 0 0 2 2
Epicoccum 0 0 0 0 3 0 0 0 0 0 0 7
Trichoderma 0 0 0 0 6 0 0 0 0 0 2 0
Acremonium 0 0 0 6 0 0 0 0 0 0 0 2
Ramichloridium 0 0 0 0 0 6 0 0 0 2 0 0
Drechslera 3 0 0 3 0 0 0 0 0 0 0 2
Botrytis cinerea 0 0 0 0 0 0 0 0 2 2 2 0
Chrysonilia 3 0 0 0 3 0 0 0 0 0 0 0
Chrysosporium 0 0 0 3 3 0 0 0 0 0 0 0
Emericella 0 0 0 0 0 3 0 0 0 0 0 2
Periconia 0 0 3 0 0 0 0 0 0 0 0 0
Gliocladium 0 0 0 0 0 0 0 0 0 0 2 0
Graphium 0 0 0 0 0 0 0 0 0 0 2 0
Scopulariopsis 0 0 0 0 0 0 0 0 0 2 0 0
Mpyrothecium 0 0 0 0 0 0 0 0 0 2 0 0
Beauveria 0 0 0 0 0 0 0 0 0 2 0 0
Spegazzinia 0 0 0 0 0 0 0 0 0 2 0 0
Other Fungi 42 35 39 48 32 58 17 13 42 52 43 50
Total 100 100 100 100 100 100 100 100 100 100 100 100
Xerophiles (I iz 71 ) 68 68 52 19 23 26 67 80 51 46 50 33
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Hahiz, INHOAEOBRHEIEIZEN LI
OFITHELLL Tz, Aspergillus J&TiE, BEZEIC
13 A. niger 75, ZZRITIE A. versicolor D3R b % < ¥R
WX/ —J, Wallemia J&, Eurotium J&1 L O°
A. restrictus VY, DG18 ¥EH Tl =4 & $ 1216~
3396 DEE THHI SN/, PDA R TIHiZ L
AEDEETHRE SN 7,

2)  SyBEERSHIC & B2 R O

# 413, DGI18 Ezih & PDA E&HIC k A225 4
B VIREE, R VIR L DU - SR
AEBREDOKEMTFEEE E LDI2LDTH B, B
FODGI8 FHIC L 5 A CRER, BT
PDA il X D ARICE < (P<0.01), EETDH
BWHEENIC S > 72, 2O DG18 FiMIZ K 4 iR
MU, BAB LUK E LIC PDAR
DRI THERREZ LD > 7o MEMOFEN
NERER, BAS XU L IC DG18 B it
IC R HIREN PDARSI L D BREICE 2> 72 (P
<0.01), —77, & - HFRENCORNRES X
UMMVRIREE L, T2 & 12 DG18 Bl & PDA
BEOBICHEEZET x> 7,

A|TIE, FEMEIEEEGHEL TS D
Ll BACREER LOH - B ERER

x4 SHERBOMB L I CRE
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A AR = Fr B £ s =

DG185zi  PDA ki DG185zi  PDA k3 DG185zH  PDA 53
B H&(n=31) 301(2.15)**  172(2.45) 237(2.19) 166(2.73) 208(2.16) 193(2.01)
%Z(n=46) 87.5(3.58) 85.9(2.51)  78.7(3.45) 76.0(2.70)  72.7(2.68) 83.1(2.10)
HH&(n=31) 24.1(5.09)** 9.4(2.84)  26.8(4.35)** 10.8(3.16) 9.2(2.18)**  6.2(1.62)

IRz ©
A& (n=46) 29.5(6.14)**  6.5(2.86)  18.2(4.29)**  6.5(2.86)  10.1(2.64)**  5.5(1.37)
h Fﬁﬁ EZE(n=31) 186(2.49) 162(2.39) 188(2.24) 158(2.59) 194(2.16) 190(2.03)
Ay %47 (n=46) 49.1(3.25) 68.9(2.70)  34.8(3.83) 56.0(2.92)  63.1(2.78) 80.1(2.08)

SOy GETEREEZE), ** 1 P<0.01(PDA E&th & s L), V &ALt OH e
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x5 ZEIJFACOMEERE (DG18K5H)
2 % F h v | B (CFU/mY)
AV OFE ¥ ZF (=31 % ZF  (n=46)

= g7 = A = g7 = A
Cladosporium 101(3.13)1  88.9(3.97)"  104(2.83)"  20.6(3.24)  13.5(3.23)* 26.3(2.96)
Penicillium 28.9(3.11)  21.5(2.53)  25.5(3.01)"  18.1(4.07)  17.4(3.55)  15.0(2.53)
Aspergillus 32.1(4.65)  24.1(3.91)  14.4(2.82)"  17.7(4.89)* 18.8(4.36)*  8.5(2.14)
A. restrictus 13.4(5.31) 8.4(3.58) 6.7(2.20) 11.6(4.52)  10.5(4.23) 5.7(1.72)
A. versicolor 7.5(2.67) 6.8(2.37) 4.8(1.28) 7.5(2.78) 8.3(2.82) 5.4(1.44)
A. niger 6.8(1.95) 9.3(1.99) 8.4(2.13) 5.6(1.54) 4.8(1.26) 5.0(1.40)
A. flavus 4.8(1.19) 5.7(2.01) 5.7(1.73) 4.7(1.11) 4.7(1.11) 5.3(1.63)
A. ochraceus 5.0(1.41) 4.9(1.23) 4.7(1.13) 4.8(1.19) 4.7(1.11) 4.7(1.11)
A. fumigatus 5.0(1.65) 5.0(1.48) ND 4.7(1.23) 4.7(1.23) ND
A. candidus ND ND 4.8(1.19) 4.8(1.26) 4.9(1.28) 4.7(1.11)
A. terreus ND 4.8(1.28) 4.7(1.13) ND 4.7(1.11) ND
Altemaria 7.3(2.06) 7.5(2.21) 9.7(2.25) 4.9(1.22) ND 6.2(1.90)
Wallemia sebi 7.6(2.72) 6.1(1.65) 5.6(1.67) 7.0(2.26) 7.2(2.33) 5.8(1.37)
Eurotium 7.5(2.87) 7.2(2.57) 6.0(1.65) 6.1(2.08) 6.1(1.86) 5.4(1.52)
Paccilomyces 5.3(1.40) 5.3(1.57) 5.5(1.55) 4.7(1.11) 4.9(1.22) 4.9(1.38)
Curvularia 4.7(1.13) 5.7(1.85) 5.7(1.86) ND ND 4.7(1.11)
Fusarium 4.9(1.23) 4.8(1.19) 6.2(1.48) ND ND 4.8(1.26)
Arthrinium 5.0(1.27) 4.9(1.23) 4.9(1.32) 4.7(1.11) 4.9(1.38) 4.9(1.22)
Pestalotiopsis 5.0(1.61) 5.2(1.60) 5.3(1.68) ND ND ND
Aureobasidium 4.7(1.13) ND ND 4.9(1.22) 4.9(1.46) 5.3(1.61)
Coelomycetes ND ND 5.0(1.51) ND ND 4.8(1.19)
Mucorales 4.7(1.13) 4.8(1.19) ND ND 4.7(1.11) 4.7(1.11)
Pithomyces ND 4.8(1.28) 4.7(1.13) 4.7(1.11) ND 4.7(1.11)
Phoma ND ND 4.8(1.19) 4.7(1.11) ND 4.7(1.16)
Chiysonilia 4.7(1.13) ND ND ND ND ND
Drechslera 4.7(1.13) ND ND ND ND ND
Periconia ND ND 4.7(1.11) ND ND ND
Botrytis cinerea ND ND ND ND ND 4.7(1.11)
Other Fungi 8.3(2.35) 6.7(1.84) 7.3(1.94) 5.5(1.37) 5.5(1.46) 8.1(2.46)
Total 301(2.15)"  237(2.19)™  208(2.16)*  87.5(3.58)  78.7(3.45)  72.7(2.68)
Xerophiles(IFfztEA ) 29.5(6.14)*  18.2(4.29)  10.1(2.64) 24.1(5.09)** 26.8(4.35)** 9.2(2.18)

PRy GRTE#E(RZE), ND : BHBRAME (4.7 CFU/m?®) Kif, M@ H3FEth e Ry
* 1 P<0.05, **:P<0.01 (AR EHLELT),T: P: <0.05,™: P<0.01 (XZF &L )

TN DG18 K3Hh & PDA ¥ih & ORI THEZED
MW EPFZEALETH -7 D, ThE
OFFFTICIE DG18 K5HIC X % Bl A 7z,
3)  ZELdh CORERIEE

#5103, DGIS KM CTREI N/ AL OREE &
ZDEKAEE ORI FHEE £ Db DTH
Ho BN L AAKRE AT 5 &, BACE
FEL, TR E BICERN EAAROR THE R RE

3L, B EZORTLERELEBEZE TR
Moloo WEENCREDL, £FETREAPIMR
I0EBICEL (P<0.01), EETLEININIA
FOAERICE (P<0.05), BEMAKLDEW
ENC DT BEELAFERHIETH L, AL
BEIENBIUNREDICEERLFTLIDAE
IZE -7z (P<0.01) 75, I VRETR
N LU E DICHEHOB THEEEL 22>
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B EIE 2355 D> - 72 Cladosporium J&, Penicillium
B 75 & UNT Aspergillus BO XL, EFETIIE
NENKEDORTHEE T ad -7z, 4FETIE
Cladosporium J& D FE P IT /R & DRV E
[IZ 3 - 72Dy, Aspergillus J& DB NIEE T KB
ELOBREICE» -7z (P<0.05), BEFELAFL
s 4% &, Cladosporium JBIEFE ISR NI & 1T
BEENPELFEIVEREICE P72 (P<0.01), I
D Penicillium JBPEE & Aspergillus JBPETE &, HZF
WEAFELDBREICE? > 72 (P<0.05),

MFEHZE L T, BENIRES LU RIRE D X
B - 72DiL, Cladosporium BTH VD, K\NT
Penicillium J& & Aspergillus J& T & > 7o Aspergillus

F50%E  AARAHGRE

105

BT, A. restrictus DI D EHEE TH o 7o,
HAHCREOR A CEEICK T 2EE (CUF, IF
WA CEE) OFRIEE, BEOEFTT 8%,
BET6%, HFRT5UTH-2DITRL T, &
FETIHEINTENSIY, 46%, 13% TH VD, LFED
N CEIERERE LV ED - 1,

3. BENRBERENERE

613, HEEOHE - #EEHIC AR R
VIRE SN CRE ORATTEE L £ &b
bDOTH S, BEFEORACIERE L iF i VR
i, PR RiEfEE, PR EREEE, £5
JEREELOM CHEZII Lo 7o ZF b Ak
TefERTH - 12,

X7, KMEORELZOTICA—Ny FOF

1023

*R6 MHEEOMEM - MhE L UIRE
B 2 Ko R’ K (CFU/m?)

-, &Z%%w g8 7 ¢ W
a B g7 o= = a B B = N =
FEE - K& 11 261(2.01) 210(1.88) 200(1.91) 40.0(4.55) 20.8(4.30) 11.1(3.02)
HZ P JERE 8 399(2.13)  332(2.20)  353(1.96)  31.0(6.10) 19.8(3.56)  17.3(2.66)
£45 - ERE 12 285(2.12)  211(2.24)  152(2.04)  21.6(6.92) 15.3(4.42)  6.5(1.57)
FEE - K& 16 90.1(3.67) 67.8(4.21) 58.4(2.75) 17.0(3.87) 15.7(3.71) 8.5(2.33)
%ZF PR ERE 11 69.4(3.45)  100(3.02)  115(1.98)  28.8(4.03) 34.3(5.08) 11.2(1.95)
H£E5 - ERE 18 103(3.42) 77.0(2.99)  62.8(2.68) 32.3(6.34)  37.0(3.89) 8.4(2.09)

BTy GERIEEEERZE), V JERE o v 7 ) — MBS LUBE S, 2 REEGEE 1 T4k

K7 KMEZLTICH—Ny FOFEENCRE
. % % ¥ E (CFU/mY)
H%ﬁ?fl L v
£ = % F 2 = % F

HF= 25 B N 4 X B N "= B N "R B W "R
& 24 34 301(1.93) 224(2.14) 92.1(3.93) 82.7(2.57) 28.7(6.41) 31.3(6.10) 24.0(5.41) 9.1(2.21)
i ’g’jﬁf:/] 10 12 301(2.73) 177(2.24)  75.8(2.71) 50.5(2.83) 10.8(2.85) 9.0(2.26) 24.3(4.47) 9.6(2.16)
& 17 24 203(2.24) 188(2.11) 94.8(3.50) 75.6(2.75) 13.0(3.55) 8.1(2.12) 20.3(4.50) 7.8(2.08)
%L\e/] 4 9 473(2.03) 428(2.32) 64.7(2.24) 59.1(2.67) 12.2(2.84) 11.3(2.44) 27.3(2.74) 8.0(2.20)
e & 7 8  238(1.80) 173(1.68) 74.3(2.30) 115(2.26) 70.4(4.12) 16.4(3.54) 49.1(2.94) 19.1(1.70)
@’%Zw 3 5 225(1.53) 216(1.81) 50.6(6.61) 42.0(1.70) 9.3(1.76) 10.6(2.09) 37.2(7.01) 8.1(1.68)

ML (TR )
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*®8 HWEROFELHIVURE
2 % h B E (CFU/mY)

g 1= B % B
7z R w7 v S A fEsE S 7 v [

Fr w4 BEn o sAa R A 4K B W 4 A&
& H 11 317(2.40) 154(1.88)  72.7(8.30)*" 15.7(3.48) 36 73.4(3.23) 68.6(2.53) 22.2(5.05)"  8.7(2.12)
i i, 20  293(2.06) 243(2.23)  18.0(4.26)" 8.0(2.02) 10 165(4.40) 89.4(3.29) 32.7(5.42) 11.5(2.38)
P Ee) 10 148(1.84)" 120(2.09)" 17.9(3.84) 8.2(2.65) 20 70.9(8.71) 57.2(2.44) 21.5(4.57)" 10.5(2.31)
= 21 297(2.14)  270(1.92) 18.4(4.64) 11.2(2.65) 26 85.5(3.33) 87.4(2.79) 31.7(4.19) 8.3(2.07)
P GEMTEEHERZE), *: P<0.05 (MRS XL ), : P<0.05,%: P<0.01 (Jh5 &ML O)

F9 FEARKTRWERE R LUTRRE
= F (=31 % ZF  (n=46)
a7 B/ = & = B = &

TOVATIVTE FIREE (ppb)?  10.2(2.38)** ™ 12.0(2.21)** 4.7(1.62) 18.9(1.95)**%%  14.3(2.12)**  4.9(1.74)
TR LR FEE (ppb)V 20.6(1.40) 1" 17.8(1.31)** 1 95.1(1.28) 85.1(2.33) ** 45.2(2.36)**  32.5(1.45)
PREA T ABERE (ppm) V) 536(1.28) 1" — — 1,392(1.68) — —
—B LIRS (ppm) Y 0.9(1.67)1 2.2(1.92)
iR (c)? 28.1+2.3" 28.0+2.41 — 15.2+4.5 12.6+4.3 —
B (%)? 58+8 60+9 54+10 58+9

VO GRPTEERER), 2 Rl + B RS

* 1 P<0.05, **:P<0.01 (SRR &ML C),% : P<0.01 (BE L L O, P<0.05,1: P<0.01 (XF LML )

I L BRI VIR B K OIF R i VIR O %
EEE & L Db DTH S, BEORAIVE
FE L IFRaE D VIR, BB LUAFELE LRM
BOBENRLH—Ny FOFEICLHDOEEED
otz BITOKRTCIRE S IFEE T CRE L E
% L FRRIEAR TH - 72,

F 8L, AEFEORE L EIFRACEE LD
CNTHFRzME T EIRE OB FEEE £ & D7z D
Thb, EEOBOEFEEITVIRER, wEE
D B BAIBERED THRVWEBELVER
W@ -7z (P<0.05), BEEOBHNOKRAIVIEE
CBREOHFEENCRE, TOTICAFEDOEND
N IR L IFE M CERER I, SRR O I
FBHEEEI LI T,

4., BEESLIUVEAZEUSEMERE

#9103, HCHO, NO,, CO, & CO D& ERED
M O NS R & TR B O B AT
WEz & Db DTHbH, HCHO EEL,
ZEffi & BICENBEINATRE I VERICE D -
7o (P<0.01), A#ZFEDOARFIO HCHO REITEF
FOAEBICEL (P<0.01), XFEOREELEF L

DEEMICH 5 72, 1 H PR RSN IRETE
$HE (80 ppb)® A B 2 CWzEFIX, MEM L
BICHEIBLUTEEL 1T Th- 7,

NO, BEX, £FCRENEE R LIVE
BicE< (P<0.01), BAFTO NO, BEIIEE X
DEEICE P72 (P<0.01), #ic, BEFETI,
BEONOEENMMILIVERICKLS (P
0.01), BFFHHR L VIERWEHRICH > 7o, £XF
DENNO, BEIZEFIVAFAEICHEH (P
0.01), HARBELLEREE LV EHVEPICH
572, BED 1 HPFHREZ VI N L EREALE L
FRAE (60 ppb)2V K TH - 7oHd, XFETIXHEN
D70%, BED35%, XD 4%7560 ppb & HE 2
T\,

BITOCO, BEL, 4FEPEFLIVERICH
Motz (P<0.01), 1 HEWHRENVIVERED
DFEEY BRI MR PR ALEE (1,000 ppm) %82
TWitEER, EETEIW TH > 7-2DITK L
T, XETRIBNTH > Tce XFEDIUDELT
(31 HZ@L T1,000 ppm Z#8 2 T\ 72,

BITOCOREIT, 4FELEFLVAEREICE
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w10 G CONVIRE L ENEXAGHWERE L ORI

BHCHRRE (CFU/m®, xH%f#E)

IRzt 1 R (CFU/m?®, R HUHE)

BZ& (n=31) X7 (n=46) B (n=31) £Z (n=146)
TVLT VT FiRE (ppb, *HHiH) —0.06 —-0.11 0.49** 0.09
TR L E R (ppb, XHEfE) 0.20 —0.10 —0.12 —0.05
JRIEHT AW (ppm, XIEHE) 0.08 0.17 0.09 0.18
—MBALIR R (ppm, SHEUE) 0.09 0.11 0.32 0.09
Sl (°C) —0.19 0.02 —0.13 0.10
BE (%) —0.02 0.51%* 0.04 0.59%*
FHRFH () —0.32 0.25 —0.23 0.09
SRR o) 0.49** 0.09 0.26 0.17
*: P<0.05, **:P<0.01
Moz (P<0.01), MZEHIE HIT 1 HPFHRED
. - VAR =

YRS S EE (10 ppm) A2 T
T EE R - 7,

FHRIRL, BEECTEAMEEZETIRERL T
Bolh, XFETEAMPEE XD EWVEMICH
5 72e ZFEDOFHZIRDSMEITEE L L T
AL, BRICLLAEVHEFEETH -7, BEEORKR
KRR 25°CLL ETH - IoFEEE, BT TH4%,
BETITU%TH -7, W, LFEORIKKRIRA10
CRMGTH - 7=DE, BITD30%, BED48% T
35/) 7LC0

PHREL, BEELFEOMT, A EE
FEOMTHEEZERZ R L, FHREDOHANE L FfE
JETH -7, EHEMPVIVEREOEEILIE
(40~70%) NTH-2ELE, EFORELE
ETENTNGW%, ZFEORH T4, BET
54% TH - 720

5. WERELFAETELEYEEREDRR

101X, B COESHHIVRE S REBED 5
WITENER G R ERE & OMHBRERY £ &0
72D TH S, ACEEL, BEFEICIINARE
EBBERIEOMBIRGRA DD (P<0.01), XFIC
TR & FE R EOHBBEGRN S - /2 (P<
0.01), &NV EEL, EZFICIX HCHO &
BB ERIEOMBRGRAB D (P<0.01), %ZF
i, SFHEE & BERIEOHBBEGRDSH - /-
(P<0.01), BADIFEM I VIEE ¥ L F HCHO
BER, FEREROEWEE TR R AHEAAD

-7

1. SEESHC L3 HEDEENREEIE R L
UZES[HNEREDOHR

TFEME I © o B BS i O PDA B & (i L 7c
KEZHF A DOHETIL, Cladosporium &, Alternar-
a J&, Penicillium &, Aspergillus & 7% & IR I
AL, ZORICEFEEAICIRIIEEAES
FNTWELsTcEINTHAB, L,
1977 RICERNED I I C R L 2 &2
el SNTLR®), et OB TH %
DGI18 B a{FH 4 5 Z LI L - T, PDA £
ICE BB TIERE & ST A restrictus 2
Eurotium &, Wallemia sebi 75 ¥ O I ¥ P E
NE»SLEICEEIN/ - EARESINTY
%91, PDA Biih T3 IF ezt 1 ¥ Ol i3
RN/ OIIT, ERESR I EHOREICE
DGI8KsMiZz WA EMEEL Vv, Tz,
DG18 HiHiIC & % 725 1 U 13 PDA 55 &
Dd@po7cDT, ELHAYOWEICIE DG18
BB L T05 0O @it b b 519, SEOH
EHTL, WY Th b Wallemia J&, Eurotium
J& 2 A. restrictus 13, PDAREHI TITIZ & A K HBH
SN - 72 R, DGI8 BT X 5225 HiF
WD VIREIL PDARM L D ERISE P - 7272
i3z, EBRHFR CRE LW OR TH
BEDED ST EDD, BRFNCREOHE
Th DGIS B EYL TH D LHE 2 %o

2. ZERFRHEOREERNRE

KEHTHDOEETD 7 DGR VIR D
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MOPMEIL, BN T468 CFU/m®, 4R Clt
220 CFU/m® TH DY, BEHHOELTHE, 22
K[AFRN CIRE O 1 R ORFEEEL, BAT
219 CFU/m?, A& Ti3138 CFU/m® Th -7z &
HmESNTWAY, SEIOMETE, BENBSIU
NRDORN CIRFE DKM FIEIL, ERtOWMEIC
VKSR TH - 7o

S, R CRERIERCE <, £FC
8- 7z, BHNZESFRAICRER, FF (4~6
B) EMFE 9~108) CE—27CkD, &F
(12~2 ) 1T bIREABA 3 5 2 et %R &
EV D HED DL 1~3 Jiche <, 8~117I1C%H»
STt b EOWEY, ERZIFBAICERELEN,
SHERIC 2T TD5~6 3 LFKD 9~10 & ' —
7ETH 2N ETRT EVWOREWRD S, Sl
DRERIEZ IS EFEL 7> 7,
ENZEZTORBEBA L > -, FHIR
T O FE Tl Cladosporium J& =2 Penicillium J& T &
02D, BEWET P OHEE T Cladosporium J& > Asper-
gillus J& > Penicillium JEDIF®, KIRATHDEET
& Aspergillus & > Cladosporium J& > Penicillium J& O
Y CThHo7c s INTW5D, SEIOFHETH L
D 3FHAO N EDORZHRENF <, CNOHPHE
FETOENELIF AV OBIMETHSH EE 2 b,
BN C IR & LIS/ R & 7
*IFF’C%INLLJ:@B, EMfR A CREI I

REXRBLL TW5 EE2 bNA, (EEMNEE
@ﬁﬁ%%quﬁbyﬂﬁﬁﬁE@%%@@k
AEEZBNIEWC Lip Db, HRES IR F S
BIRL CTWBEINTWE®, —J, NITAX
AP ICRFEEIEBRLE NS EpmESI AT
B0 H—Xy R CIRE & BN
A CIREISE B IEOHBIRERA D > /2L D
WELbHY, WEHE DICHEZETEREOR
PR PN ZIREE L D BRICE 2> 2B O U &
DL LT, BEENDNT ZAZ AT LD
CORENEZ LN S,

3. ENREERLNERE

MEL N —Xy F O NITEDZEZ AR
VIREL, BRVOHME LIV @2 >/ O
ils)?ﬁﬁé% LaL, BEOEECHEED SV
B O Mk L 225k 7] EIRFEIC O W T O
i3, EEHEOLOMARD, RA47-67xv, 4El, fE
FOMBORE, KMEOMEH, WEFOHMEL

105 SERC154E10 3 158

ZEIHPRA CRECHEE N VREORICITHEE
BRI o 7o, TOMEBE LT, HEETH
D Ieipo72C &, BRNEZFO I OREHCE
BIEBOREERPSHEICHEL G- TWai
DI 2 DEBEHEN T ABEEN Tzl L
HEzZ N 5b,

4., BRHNERELEATCSSEMERED

E3ES

HEORNRACREPINZIRE & O THE
TRIEDOMBEBAR D B - 7o DIE, ERNO AV DOKF-
PHZICHR L T 5B C & EETROBRS N BT
ThollcdtFE2 5, —h, 4AFTHBRZED
e I AI-DICERNR A CRE I TEE O
B Z I K Ino o T EMfEEINS, —,
PN CIEBRNICRAER DD 57201, W)
EBICEDRENRE & ARRE & ORITHE M
BN 7ol b B2 5,

KT CREE & IFREE N VIR D 3 A3
YRR & O THEERIEOHBED B - 7-8#h & L
T, SERE DD AGIEST~84% LK - 72728
ICARIR S CTILIFEME T © R & D72 1 E ORF %%
FLILL /o &R EZBNS, FEBED
DAEAFRRE TH - cEF (39~77%) ICHE
T FHBHBATR S A B N7 - 7o DIE, EEOFHR
RIFEAFIVHICHEL, ﬁt@iﬁ mrm%
L72RIRTH - 72720 EDOEFBICE JIF i
E@%%#¢é<&ot_kﬁ%z%h5o

FEREROBEE TIIRBNES I VIRENE
Mo 7o 30, B HCHO W IIEBKER & &
OHBBRAD S Z LR HESIh W5, &
|, BFRICKITAHFEE T CRE - HCHO R
DN AE 7 EOMHBIBGRDS A BNz, izt
MERETHLVWEETHEVEHRLAH D,
HCHO EE LR Th - /oo FTREROE F
LTI, M VIEE X HCHO BEXA VI N
LEWBEDR L ooz, BT E, mED
ENC IEOHBIBIR S AR BNz & 2 5, BH L
& & HCHO EE ORI CRKEZMBRERA A SN
o oDk, HWEEA Y UAO N IR FEITIR
ICHERL TWicleb k&2 A, $£7, 4FTIE
B 5k L 72 HCHO ICBBEIEESR B 5
F4 L 7o HCHO 23040 » 7o IR T » 7272 1T
HFEMEH RS & HCHO B O OB H 2
AONEL IrolctFE 2 5,
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SEIOFHEL, B LT L LEIEAICEAT
DWW ERRMEEEHSROENT NS &
5, ZATEMNOEER2MAEL L i+ 5 2 i
T&Eh\V, LaL, SEOMERBRDL, EXPH
EOEBRE L BN CIRE S O@E &
HLLTBY, EETONGENVIEREDFIESR
BANZESRF N VERE L BN ERE O
B ZHET 52 LIEFRRTHH EE RS, 4l
OFE T, FEHNOESHRI CEEI SR
FEa B L T/ 2s, IR 7 CREE I A R
CBIHIT IR o T, F, AFEOBRNEL RN
VB SN VIR, SFEREO
A& EBITEORENEEML TWen, ERZER
Y EIRE & OBY#IL 7 - 72,

COWMEDO—IRIL, 61l HARARB AT SRR
= (SWwokh) TREL,

COWET, HEENRBERAFEREREEBR» GO
TBZAERE (EENOEKBRWEOERERE) O
WRO—MAFERALE L, COMEETOICH
0, HKRETHIE V772 & LR R
A RIS K UREATRREE A AE B B O U7 2 I < R
L&,
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AIRBORNE CONCENTRATIONS OF FUNGAL AND INDOOR AIR
POLLUTANTS IN DWELLINGS IN NAGOYA, JAPAN

Kiyoshi SAKAT*, Haruo TSUBOUCHI*, and Kazunori MITANI*

Key words : fungi, xerophiles, dwelling, indoor air pollution, humidity

Purpose The purpose of this study was to determine airborne fungal concentrations in dwellings and to
evaluate the relationship between indoor air concentrations of fungi and those of indoor air pol-
lutants, temperature and relative humidity.

Methods Indoor and outdoor concentrations of total fungi, xerophiles (xerophilic fungi), indoor air pol-
lutants such as formaldehyde, nitrogen dioxide, carbon dioxide, carbon monoxide, temperature
and relative humidity were measured in 54 dwellings in Nagoya, Japan. This study was per-
formed in summer and winter from 1995 to 1998. The airborne fungal concentrations were ana-
lyzed using a pinhole air sampler and dichloran 189% glycerol agar (DG18), and compared with
the levels assessed with potato dextrose agar (PDA).

Results 1. DG18 can be recommended as an excellent medium for determining viable fungi concen-
trations in indoor air.

2. In indoor air, geometric means of total fungal and xerophile concentrations in summer
were 237-301 CFU/m? and 24.1-26.8 CFU/m3, as compared to 78.7-87.5 CFU/m? and
18.2-29.5 CFU/m?, respectively, in winter. In outdoor air, geometric means of total fungal and
xerophile concentrations in summer were 208 CFU/m?® and 9.2 CFU/m?, and 72.7 CFU/m? and
10.1 CFU/m?, respectively, in winter.

3. The predominant genera in indoor and outdoor air were Cladosporium spp., followed by
Penicillium spp. and Aspergillus spp.. The major Aspergillus spp. was A. restrictus.

4. Indoor as well as outdoor air concentrations of total fungi were significantly higher in sum-
mer than in winter (P<0.01), whereas differences in total fungal concentrations between indoor
and outdoor air were not. Airborne xerophile concentrations in summer and winter were sig-
nificantly higher in indoor air than in outdoor air (P<0.01), while indoor as well as outdoor air
xerophile concentrations in summer were similar to those in winter.

5. The total fungal and xerophile concentrations were not dependent on dwelling factors such
as the type of dwellings, the type of flooring materials and the use of air-conditioners and/or heat-
ers.

6. The total fungal and xerophile concentrations were not significantly correlated with the
concentrations of all the indoor air pollutants. In winter, the total fungal and xerophile concentra-
tions significantly increased in proportion to the average relative humidity (P<0.01).

Conclusion The total fungal concentrations in indoor air were significantly correlated with those in out-
door air, while xerophile concentrations were not. The indoor air concentrations of total fungi

and xerophiles were not dependent on those of indoor air pollutants.

* Nagoya City Public Health Research Institute



