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ABSTRACT

Objectives: Much scientific evidence indicate a positive association between moldy environments and respiratory illnesses and/or
symptoms. However, few comprehensive assessments of mold have been performed for such settings. Spore counts or microscopic
enumeration only may not be sufficient for evaluating fungal exposure. Recently, Mold Specific QPCR technology developed by the
US EPA (Environmental Relative Moldiness Index, ERMI) has been widely used worldwide and great performance for assessing fungal
exposure has been shown.

Methods: We aimed to develop a Korean version of ERMI suitable for the distribution of fungal flora in Korea. Thirty dwellings in
the Seoul and Incheon area were selected for sampling, and each was classified as ‘Flooded, ‘Water-damaged’ or ‘Non-water-damaged’.
Results: Dust on the floor and airborne sampling were collected using an MAS100 and a ‘Dustream’ collector. Samples were analyzed
by quantitative polymerase chain reaction(QPCR) for the 36 molds belonging to ERMI. Student t-test and ANOVA tests were carried
out using SAS software. The median ERMI values of flooded, water damaged, and non-water damaged dwellings were 8.24(range:
-5.61t027.9), 5.47(-25. 410 32.7), and -15.30(-24.6 to 14.8), respectively. Significant differences were observed between flooded and
non-water damaged dwellings (P=0.001) and between water-damaged and non-water damaged dwellings (P=0.032).

Conclusion: Our findings indicate that ERMI values attributed to dust samples in Korea could be applicable for the identification of
flooded or water damaged buildings. However, much data is needed for continuously developing the Korean version of ERMI values.

Key words: Mold, fungi, water-damaged, ERMI environmental relative moldiness index, US EPA environmental protection

agency.
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Figure. 1. ERMI graph in US EPA
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Table 1. PCR conditions for amplification of fungi

Condition Fungi
DNA Denaturation 96C 2 min, 96T 30 sec
Anealing 50C 30 sec
Extention 72C 1 min
Final extention 72C 10 min
Cycle 30
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Table 2. Concentration of indoor air contaminants(n=30)
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A% %W TE(Tris/EDTA) buffer 50 uLS @1 @55

[e)
FAASZRES(PCR, polymerase chain reaction)-2
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71(500 CFU/M’)& 234stgich. Al e dadol
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]
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(2 ()
2

Indoor Outdoor o™

Source " T T " ] " T T . ] -
AM GM STD Min® Max AM GM STD Min® | Max ratio

Total bacteria 523.7 | 3955 | 412.1 719 | 19284 | 1513 | 1243 | 114.3 55.6 146.6 3.5
Total mold 908.7 | 5883 | 11521 | 1664 | 5657.8 | 1029.1 | 701.1 | 14719 | 228.4 | 8219.7 0.9

* AM : arithmetic mean, "GM : geometric mean, "STD : standard deviation, ¥ Min : Minimum, ' Max : Maximum

* 1O : Indoor / Outdoor
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Table 3. Species identification between indoor and outdoor in water damage residence

Indoor % Outdoor %
Alternaria sp. 9 Alternaria sp. 20
A. tenuissima 5 A. tenuissima 3
A. alternata 4 A. alternata 7
Aspergillus sp. 9 A. porri 1
A. niger 2 A. burnsii 7
A. ochraceus 1 Aspergillus sp. 1
A. flavus 1 A. westerdijikiae 1
A. versicolor 2 Cladosporium sp. 20
A. flavipes 1 C. tenuissimum 8
A. tubigensis 1 C. gossypiicola 3
Cladosporium sp. 28 C. cladosporiodes 5
C. tenuissimum 15 C. perangustum 3
C. gossypiicola 1 C. subuliforme 1
C. cladosporiodes 6 Cf. cladosporium 1
C. halotolerans 2 Penicillium sp. 16
C. sphaerospermum 1 P. polonicum 2
C. funiculosum 1 P. brasilianum 1
Penicillium sp. 35 P. commune 3
P. brevicompactum 1 P. expansum 2
P. brasilianum 2 P. glabum 2
P. polunicum 4 P. aurantiacobrunneum 1
P. glabrum 2 P. sumatrense 1
P. expansum 4 P. crustosum 1
P. commune 1 P. chrysogenum 1
P. oxalicum 2 Epicoccum sp. 7
P. crustosum 1 E. nigrum 6
P. chrysogenum 2 Trichoderma sp. 6
P. cordubense 1 T. atroviride 3
P. chloroleucon 1 T. harzianum 1
P. citrinum 4 T. paratroviride 1
P. biourgeianum 1 Fusarium sp. 3
P. rubens 5 F. verticillioides 1
P. rudallense 1 F. equiseti 1
Phoma sp. 2 Phoma sp. 6
Epicoccum sp. 4 P. medicaginis 3
E. nigrum 4 P. herbarum 1
Fusarium sp. 1 Others sp. 14
Fusarium tricinctum 1 Uncultured fungus 3
Others sp. 7
Uncultured fungus 4
Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(4): 324-332 http://www.kiha.kr/
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Table 4. The average log10 concentration of ERMI value among residence

Division Mean logl0(cell number)/mg dust

Group 1 Flood Water leakage/ condensation General
Aspergillus flavus 0.281 0.217 0.705
Aspergillus fumigatus -1.598 -0.914 -1.009
Aspergillus niger 1.214 0.620 0.577
Aspergillus ochraceus 0.419 0.087 0.000
Aspergillus restrictus 4817 3.335 1.071
Aspergillus sclerotiorum -0.761 -1.021 -0.513
Aspergillus sydowii 2.650 0.823 -0.627
Aspergillus unguis -0.981 -1.668 -2.431
Aspergillus versicolor 2.386 1.161 -1.550
Chaetomium globosum 0.691 1.516 -0.515
Cladosporium sphaerospermum 0.793 -0.472 -2.189
Eurotium group 3.115 1.981 0.629
Paecilomyces variotii -1.424 -1.576 -1.794
Penicillium brevicompactum 1.181 0.830 0.372
Penicillium corylophilum -0.144 -0.241 0.000
Penicillium spinulosum -0.291 -0.008 -0.295
Penicillium crustosum 0.892 0.756 -1.221
Penicillium purpurogenum -1.389 -0.969 -1.041
Penicillium variabile 0.463 0.000 -1.565
Scopulariopsis brevicaulis 0.168 0.394 -0.520
Scopulariopsis chartaum 0.631 0.638 -0.917
Stachybotrys chartarum -1.524 -1.278 -0.653
Wallemia sebi 1.188 0.493 -0.800
Sum 12.776 4.704 -14.286

Group 2
Acremonium strictum -0.504 -0.792 -0.709
Alternaria alternata 0.749 0.358 0.353
Aspergillus ustus -0.376 -0.641 -0.294
Cladosporium cladosporioides type 1 1.297 0.462 0.118
Cladosporium cladosporioides type 2 1.095 0.380 -1.017
Cladosporium herbarum -0.761 -0.520 -0.601
Mucor group 0.642 0.076 -0.060
Penicillium chrysogenum type 2 1.416 1.869 -0.507
Rhizopus stolonifer -1.915 -2.399 -1.205
Sum 1.643 -1.207 -3.922
ERMI (2.Group 1-3.Group 2) 11.13 591 -10.36
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Table 5. ERMI value in flood residence

Division log10(cell number)/mg dust
Group 1 1 2 3 4 5 6 7 8 9 10 11
Aspergillus flavus -1.6 -0.4 0.7 2.1 0.0 1.3 0.2 0.4 0.0 1.5 -1.6
Aspergillus fumigatus 2.2 -3.4 -1.3 -0.8 -1.0 -2.9 2.4 -0.9 0.0 -2.5 -0.5
Aspergillus niger -0.9 0.9 1.2 1.8 -0.2 1.0 1.6 -0.6 24 39 2.8
Aspergillus ochraceus 0.0 1.8 1.7 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0
Aspergillus restrictus 2.7 3.9 7.8 2.7 4.9 6.0 8.7 43 0.0 3.6 5.5
Aspergillus sclerotiorum -1.5 0.3 -1.3 -0.1 -1.4 -1.8 -1.5 0.7 0.0 -0.4 -0.3
Aspergillus sydowii 0.2 1.7 4.7 2.7 1.9 4.7 43 2.5 5.8 0.3 1.4
Aspergillus unguis -1.9 -1.5 -0.1 -1.9 -0.9 -0.1 0.6 -1.7 0.0 -1.0 -1.9
Aspergillus versicolor 0.3 1.3 5.1 0.4 3.0 5.0 6.4 0.8 0.4 -0.2 2.2
Chaetomium globosum 0.5 5.0 4.1 1.3 2.6 0.5 2.4 -0.7 0.0 0.0 -1.6
Cladosporium sphaerospermum -0.7 -1.8 2.8 0.0 0.8 34 3.8 -0.1 -1.2 -1.2 0.7
Eurotium amstelodami 1.9 2.1 4.6 38 1.5 4.5 5.1 22 1.5 22 3.7
Paecilomyces variotii bainier 0.0 -2.7 -2.1 -0.9 -2.1 -2.7 0.0 -2.1 0.0 -1.5 -1.5
Penicillium brevicompactum -0.6 0.1 2.9 0.1 0.5 1.5 2.7 -0.9 0.0 2.7 2.9
Penicillium corylophilum 0.0 0.0 -0.4 0.0 0.0 -0.7 -0.3 0.0 0.0 0.0 0.0
Penicillium spinulosum 0.0 0.0 -1.2 -0.7 0.0 0.0 0.0 0.0 0.0 0.0 -1.0
Penicillium crustosum -2.5 0.5 29 0.3 -0.5 1.9 2.9 -1.4 0.0 3.4 1.7
Penicillium purpurogenum -1.3 -1.8 -1.9 0.2 -2.0 -1.8 -1.5 -1.3 0.0 -1.3 -2.1
Penicillium variabile -0.7 -1.6 1.3 1.2 -0.8 -0.4 43 -0.1 0.0 0.1 0.5
Scopulariopsis brevicaulis -0.3 -6.1 1.7 34 -0.9 -1.6 2.1 -1.1 0.0 0.3 1.1
Scopulariopsis chartarum -1.4 4.9 1.5 1.9 2.2 -1.3 1.0 -0.2 0.0 0.5 -0.3
Stachybotrys chartarum 2.4 -2.6 -1.2 -0.6 2.2 -2.5 -0.9 -1.2 0.0 -0.9 -2.0
Wallemia sebi 0.9 0.7 2.6 1.7 1.6 2.0 1.4 1.0 -2.1 0.1 1.2
Sum -11.5 1.4 36.3 18.6 7.0 15.9 36.2 0.9 6.7 9.5 10.9
Group 11
Acremonium strictum -0.8 -2.3 0.5 -0.1 -0.9 -1.9 -0.5 -1.1 0.0 1.7 -0.7
Alternaria alternata 0.4 0.2 2.1 1.0 1.1 0.2 0.4 -1.3 0.0 1.8 1.6
Aspergillus ustus -0.4 -1.2 -1.2 -0.4 -1.4 0.0 0.0 0.0 0.0 2.0 -1.8
Cladosporium cladosporioides 1  -0.1 1.0 3.5 0.0 1.1 0.9 2.1 -0.4 1.6 2.1 2.4
Cladosporium cladosporioides 2 -1.1 -1.8 3.8 -1.2 1.2 32 2.9 -0.1 3.6 0.2 1.3
Cladosporium herbarum 0.0 0.0 0.0 2.3 2.2 -2.0 0.0 0.0 0.0 0.0 -1.1
Mucor group -0.1 -0.2 1.5 0.4 0.2 0.4 1.5 0.6 0.6 2.0 0.2
Penicillium chrysogenum 2 -1.3 -0.2 2.2 -0.5 0.3 34 4.7 0.3 1.6 2.8 1.6
Rhizopus stolonifer -2.5 -2.3 -1.7 2.3 -2.5 -3.0 -2.8 -0.7 0.0 -2.5 0.0
Sum -5.9 -6.7 10.6 -5.4 -3.1 1.2 8.3 -2.8 7.3 10.0 3.4
ERMI (2.Group 1-3.Group 2) -5.6 8.1 25.7 23.9 10.1 14.6 27.9 3.7 -0.6 -0.5 7.4
ERMI level 1 4 4 4 4 4 4 3 1 2 4
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Table 6. ERMI value in water leakage/condensation residence
Division log10(cell number)/mg dust

Group 1 1 2 3 4 5 6 7 8 9
Aspergillus flavus -0.4 -0.8 0.7 -0.1 1.5 0.8 -0.7 0.1 0.8
Aspergillus fumigatus 0.0 -1.3 -1.3 -1.1 0.0 -2.2 0.0 -0.8 -1.5
Aspergillus niger 0.6 0.5 0.5 -1.7 2.0 0.7 -0.4 1.7 1.6
Aspergillus ochraceus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
Aspergillus restrictus 1.2 5.8 1.2 0.2 43 0.6 4.9 8.7 3.1
Aspergillus sclerotiorum 0.0 -1.6 2.1 0.0 0.0 0.0 -3.0 -0.4 -2.1
Aspergillus sydowii 1.0 1.4 1.1 -3.8 0.4 3.1 -0.5 4.4 0.4
Aspergillus unguis -2.5 -0.7 2.4 -3.6 -0.9 -1.5 -1.5 0.1 -1.9
Aspergillus versicolor -1.7 5.7 -0.3 -3.5 2.0 1.3 1.2 4.7 0.9
Chaetomium globosum 4.8 -1.1 -0.1 -2.9 2.1 4.9 0.7 5.1 0.3
Cladosporium sphaerospermum -1.1 -1.0 -1.3 -4.4 1.5 -0.8 -0.1 2.6 0.5
Eurotium amstelodami 2.9 29 1.8 -1.3 29 1.0 1.9 59 -0.1
Paecilomyces variotii bainier -3.1 -2.0 23 -1.0 2.4 -1.1 0.0 2.2 0.0
Penicillium brevicompactum -0.9 1.5 1.4 -1.3 59 -1.9 0.6 2.6 -0.3
Penicillium corylophilum 0.0 0.0 -0.7 0.0 0.6 -0.9 -0.8 -0.4 0.0
Penicillium spinulosum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.0
Penicillium crustosum -2.0 0.4 2.3 -2.6 2.9 0.8 1.7 2.7 0.5
Penicillium purpurogenum -1.1 -1.7 -1.4 0.0 -1.5 -1.9 0.0 -1.1 0.0
Penicillium variabile -1.1 3.5 -1.6 -1.2 -0.2 1.5 -1.9 0.7 0.2
Scopulariopsis brevicaulis 1.8 -1.8 -0.7 0.0 2.5 1.0 0.1 0.7 -0.2
Scopulariopsis chartarum 2.0 2.5 -1.7 -1.7 32 0.9 -1.8 1.9 0.5
Stachybotrys chartarum 0.0 -1.5 -2.6 0.0 -2.0 -1.1 2.4 -1.2 -0.6
Wallemia sebi -0.7 2.3 -0.7 -1.6 0.3 0.1 0.9 3.4 0.5
Sum -0.5 13.0 -10.2 -31.8 25.0 5.3 -1.1 39.9 2.7

Group 11
Acremonium strictum 0.0 -0.5 -1.7 0.0 -1.9 -1.0 -1.3 -0.2 -0.5
Alternaria alternata -0.7 0.0 0.7 0.3 0.5 0.6 -0.2 0.3 1.6
Aspergillus ustus 0.0 -0.8 -2.7 0.0 0.0 0.3 0.0 -1.7 -0.8
Cladosporium cladosporioides 1 -0.9 0.5 0.9 -1.1 0.5 0.4 0.2 3.0 0.6
Cladosporium cladosporioides 2 -0.4 -0.2 -0.2 -2.9 2.8 -1.3 0.8 3.8 1.0
Cladosporium herbarum 0.0 0.0 0.0 0.0 0.0 -1.7 0.0 0.0 -3.0
Mucor & Rhizopus 0.0 -0.5 -0.4 0.0 0.6 -0.6 -0.2 1.6 0.1
Penicillium chrysogenum 2 -0.6 -0.7 43 -1.1 4.6 2.3 3.7 2.9 1.3
Rhizopus stolonifer -33 -2.0 -1.7 -1.6 -3.1 -2.7 -3.2 -2.5 -1.5
Sum -5.8 -4.1 -0.8 -6.4 3.9 -3.6 -0.2 7.3 -1.1
ERMI (2/Group 1-2Group 2) 5.3 17.1 -9.3 -25.4 21.1 9.0 -0.9 327 3.7
ERMI level 4 4 1 1 4 3 1 4 2

Z¥slcte AL oulsic) u|=te] ERMI 1]z of u} o, ERMI A== -254~32.72 A&EHQlo ExE

21, 50149 45Hol sigeth. AR e Aoy JeFPEng e eyt ¥ FHol Qs

FRETRO] FE Bmo] W ARAH A7l W & & 4 ek

£ Ba@we] SEATH: Figure 20 Uhehjolct.
Table 5= A28 1IAHE oz 23] A=A V.o #

F B3O 2 ERMI A 45 AFESH A3t= Table 5

9} Z+rom, 24k 56~27.92 LFERGTE 1A 39
A ERMI levelo] 455 80| WIEHE S A
F - A2 FE9o] ERMI X|4= Table 62} 7o
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2 Aante) whel 304t ERMI 2|45 019_0}
o] ERMI 123 9 chofsh 2Hgshglom, wEe
(25, 50, 75, 100%)°] |Gl 2|55 AbEslo] LhEk
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WA v)=o] A Qe AE 24 skglek
71;@% TEAIE AmEY, %}4—%—&4% 3753

v‘%_
_%
& 4 Aok YukFEHE 3115 CFU/m oA 537.9
CFU/m’ 0.2 Z715ted, ut A|7]7} A o] Fofi= &=
£ 5 SHIFer g0 o] Wt WA, Fi
Fgol7h Holh Ao B ofo] & Ao
Ae Aeaaet F/4=2 9d|FHLe Aspergillus
restrictus”} 7P E=A AE&EoH, 1 o= 4
versicolor, Eurotium group, A. sydowii 0] =7 &%=
ATt Eurotium group2 w|=2] A7} AF=6h=
FEo A dRten} Hlwste] o8t =4 A&
B Fgo|R S ERMI A1) 2 farg i ow
42 A JATH(Vesper et al., 2007). Vesper et al., 2008 2]
Qo] W= 1) KansasA|9] HABAPE 9 Sl
9] W4t ERMI A]4== 93101912, Group 1] A. niger
@} Group 119] Cladosporium cladosporiodes type 1, C.
herbarum, Penicillium chrysogenum type 27} A 74
=] ch(Vesper et al, 2011). & Ao A = group II 2]
F3o] Zo|| X+ Cladosporium cladosporiodes type 1,
Penicillium chrysogenum type 27} =7 el dAg
EoA Ast AufS AW B, A restrictus, Penicillum
brevicompactum 5°] =7 A& AcH(Martin et al,
2004). HbHo| w|=o|M= Aspergillus  fumigatus,
Wallemia sebi=. =& w2 HEE 1 ok B A4
S AT, B5t - A2 AAE Ha
ERMI |4 11.13, 5912 Urelytth 5 o]4te] A4
oA ofglolst 74k ol4o] SR, HAS 2od
T Ae 7hsAe Ad /\oi o= A O”ﬂr(Tallbﬁfl et
al., 2016). whHo] vk W ERMI A<=
-10.360.2 WA LEby q 22t %*301] e %-‘ﬂ
Aol whE Aol A, e A fragel L9e
Aits FAa3o] LdEs f—ilﬂ%ﬂé‘ el A
7] 500 CFU/M S 235t A7} 50%°] afj5shm
TN e AR FREE SHEUAT 7
%%Ol T 54 Ao g=d S A
) FH AY oA F2 AESH £ Penicillium <
(35%), Cladosporium 23(28%), Alternaria <(9%),

Aspergillus £(9%) .2 UYEbHTE 11 FolA HEES
SRA

HU =l° o)

b, Aspergillus flavus, A.ochraceus, Penicillium
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Hluske] et A2 FEoA &7 HEEUAeH,
g =27] A3 U2 7)= Eurotium group®| =74 =
= et

B ATE BalA v5e) ERMI HAY
shol, $eluie} Aol W ERMI
stz g o, AT A4S A&
AFAI|4=7F 231, EPA ERMI groupol sidsl= 36%
TF0| FolA 32FS o= AR AHS Al
Yar Qlek E3E 7S F2 o]83Ske vlmoluy =
19 4954 ) Selifete B0l the) o
2ol A%He 477t Bad Agoln A &
AollA =8 E4E= ERMI X]"F% H| e A3
= -L]OH H ——] ERMI X]—rﬂ s ARSY, At

=]

o

Fu) Ay Rl LY Ade) Hli A
FE06) < 74 L AR T (08) < FHFE (162
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L e AR 59 o} gl R B ERMI
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