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A Method for the Numerical Characterization of

Indoor Environment by a Biosensor
Using a Xerophilic Fungus

i Keiko ABE

Institute of Environmental Biology JDC Corporation
4036-1 Nakatsu Aikawa—Cho, Aikou—Gun Kanagawa, 243-03, Japan
Fungal Index is proposed as a new parameter to characterize the indoor environ-
ment. The index quantifies the environmental capacity to grow fungi by means of
the growth response of a xerophilic fungus Eurotium herbariorum, used as a bio-
sensor. A test piece, containing the sensor and some nutrients, was devised. When
this piece was set in place for a period of one week, the sensor responded to the
climate at that place in terms of germination behavior and subsequent hyphal-growth

* of the spores. The growth response of the sensor was found to be dependent upon the

indoor climate, so the individual climates could be numerically described. The indoor
environment in a residential building in Japan (1991 to 1992) was quantitatively
assessed. In the assessment, the distribution of micro—climates, which differ greatly
within and between rooms, could be shown numerically. Using the index values
and their distribution pattern, we can readily determine the places where fungi

would multiply and take countermeasures to suppress fungal growth.

(Received June 3, 1993)
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Fig. 1. Schematic representation of a moisture chamber.
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8 AD 1 ERBOBBEHMBEOEFIREEH 1ICFRT, &
BRER -, +RU++0ESTHL, #heEnh, RHE
PRH NI, RFEDDEARENL00 0 m K, FIF
HOEARENS100em L, &L, #1%2R2E, iF
WHOH ENIGERENEL, ZOHT, J-183k45 B
M58 AETOIETIGETEELRL, BbEVES
ISEEEETR L, FEEk, 2BAR45Eh3ATE
BL, FHMEELTY, $toBEERcbVTHE
BICB bRV EREAR LB, LIROBIEE MO
Y —% J-1834%E L,

J-1558k b J-183tk & ERRICERBEICH T 2 I0%
BRIV, ITFELEE TORBIE L, ERrEV S
BIEER AT T 5710, BROREMSH EialE
bEHBIAHETOE V- LTRBX M1,

J-183tki, REIIAEOMA (6 BSMHOEL) TF
BENSMLIKT, MAEARERRES LYY —-T
Eurotium herbariorum EEEX i,

and their growth response to environment

Initiation date of incubation

Strains May June July August
714 2128 411 1825 2 9162 2 9 16 23
Xerophilic fungi
Asp, penicilloides IFO 8155 ++ = = o+ A+t A+t o+ b+ b A+ A+
Asp, sp,J—15 i e o S = S N SR Wi
Asp. sp. J—43 ++ = = =+t At A+ A+ +
Asp, sp. J-56 R o e I T e T
Asp, sp, J-12 LR = L I S e T I
Asp, sp. J-T6 T S A e e b T o TE eI
Asp, sp. =17 T M S N I T
Asp, sp, J-18 B I e S o S S o o
Asp, sp, J-83 R e e b AT o S N Y S T S S S
Asp, sp, J—-162 ++ = = = 4+t 4+ 4+ — A+ o+
Asp. sp, J~163 B T .k i o i T X T S S S S S S TS R
Asp, sp. J-169 4+ = — + ettt 4+t Hb 4+ b+
Euro, tonophilumIFO 6529 ++ = = ~ H+ 4+ + - + t++ - 4+ A+ -
Euro, sp, J-2 R S S A SS AR R
Euro, sp, J-3 B T I T i T o S S S ER S S S NV U
Euro. sp. J-10 4 = = 4 Attt A+ = F A+ -
Euro, sp, J—-26 4+ = = 4+ Attt A+ A4+ - b+ —
Euro, sp, J-46 R e s T o S urupvRFU P
Euro, sp. J—-183 R A N b a2 i o T S S S S A S S A S S
Wallemia sebi J—155 B e R R T L o o o O U ST IOV
Non-xerophilic fungi

Asp, nigerlAM 3001 + - = = 4 4+t - 4+ bt -+ o+ o+ -
Asp, nigerl AM 3002 R T T S T S
Asp, flavusIAM 3003 T S S N
Asp, terreusIAM 3004 - - - = = = = = e e - - - -
C. cladosporioidesIFQ 6348 ++ + = = A+t~ b+t -~ = = -
Pen_ citrinumIAM 7316 et — = — 444+t -+ ++ - -+ = -
Rh, nigricansIAM 6072 T S S
Mucor spinescensIAM 6071 A T S S A

— :no germination
+ :hyphal length < 100z m
++: hyphal length 2 100 # m
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roorganism Euro. herbariorum J—183,
ated in the moisture chamber in which RH was

controlled by saturated KNO, solutions at 25°C. Incubation periods (A, B, C, D, and E) were 0, 8,12,
14, and 17 h. Bar:100 £ m.

Fig.2 . Typical time—lapse micrographs of a sensor mic
Spores of J—183 dispersed in nutrient were incub
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Fig. 3. Hyphal extension curve of the sensor J—183
in the standard climate: Standard curve. Spores
of J-183 were incubated under the standard
climate. A : The length of the hyphae which
emerged from the spores in the area inside the
spot (spore dispersed medium) in the test piece.
B and C : The hyphal length extended from the
edge of the spot in the piece.
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Fig. 4. Climograph of Fungal Index. (Sensor : J-183)
The Fungl Index in each climate was estimated
by the hyphal length extended from the spot, in
which spores of the sensor J—183 were contained.
The Fungal Index were shown as the numerals
with contour lines in the figure. Symbols @,
3, A and “-" indicate germination within 24h,
2 to 7 days, 8 to 30 days and no germination at
30 —day incubation, respectively. SC indicates
standard climate.
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Fig. 5. Effect of relative humidity on the Fungal
Indexes at the temperature25C. (Sensor: J—183)
Symbols O and @ indicate incubation under RH
—controlled conditions by saturated salt solutions
and under glycelin solutions, respectively. SC
indicates standard climate.
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Fig. 6. Effect of temperatures on the Fungal Indexes
at the relative humidity 95%. (Sensor : J—183)
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