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Study on acclimatization of a marine gram-negative aerobic bacterium
in the high concentrations of formaldehyde

Hiroshi IsHi, Takafumi MAEDA, Ryoichi INOUE and Hiroshi SArro

Abstract

Formaldehyde is a toxic chemical that has recently been discharged as an effluent from industrial wastewater into the
marine environment. High concentration of formaldehyde in the marine environment could possibly have detrimental effect
on the lives of many aquatic organisms, since formaldehyde is known to cause damage to DNA and mutations in
microorganisms and mammalian cells. Therefore, it’s necessary to develop an effective method for removal of the
formaldehyde from wastewater. In the present work, we focused on the isolation of bacterial strains and characterization of
their adaptability to high concentrations of formaldehyde.

We investigated the formaldehyde acclimatization mechanisms in the SMM-7 strains, which were isolated from seawater
in the mouth of the Tomoe River. Effects of high concentrations of formaldehyde on the bacteria were determined through
following two steps: 1) the strain was cultured in nutrient broth medium with different concentrations of formaldehyde up to
300 ppm, 2) the cultured bacteria grown in the formaldehyde concentration of 300 ppm was further cultured in a series of
higher concentrations of formaldehyde (500 ppm, 750 ppm, 1,000 ppm). The bacterial strains were noticed to acclimate to up
to 750 ppm of formaldehyde. These results indicated that SMM-7 pre-adapted to formaldehyde was able to grow in more

high formaldehyde concentration.

1. FUBIC

FIVAT VT FIZEREE T CREAERO SR THIE
L, ZRMEolgRzxRs. 2, Ko L CIEFICED
R, EDLOTHCBELZRITWETH S, —HITIEIH
37T% R DRIBHICHBIN RV AT IVTE Fe kv~
) Y, BEARAHOREL LTHWON,ZETX
{HIBNTWAS, FVATIVFe RIS E L, o
ST EBRBIHEETH DD, Fe BB THEREER &
LCHAZINTWS, FICEANTIE, Ak (K 7k
F— VR AT I VRBIRRE), wbWwbE T T ATy
S EOBERELTRERGBOMEE LTlbRATWAS, F
72, RNVATIVT R FIZ5rFhi 23 Bl CHE M HLIC 2
¥ ) — VIEEALE R W THERATE L 2 LD, T3

M KBAEFEDLTTRRTH B, Z D7D TIlRMAE T
WAL, BIROERDANEEL ZHETHHEINTWS. &
DEICTENEEOMY L ARBIETEDIEICLY,
WHROFNV LTIV T FOAMER & FEOILRA I AE
H, 20004E 2B AR OFNV LTIV FOAEERIZN
79775 t [ b L7z (JARC 2006). HAEPMIZBWTH K
VAT IVTE FOAERITEFEAN t LEICbEL T
b, 20X BBROM, HEOBES LR EORS 2
LARNVAT VTR FIZENIH DT, ZofabEikicownT
MEHINTE 2. 20200 E L, BHFR
DL OB MR > v 7 ZFEBEREO E R E o)
Retk, X SHICEESFORVAT VT FOFETIE, £
RGO A ¥, Favy), FLTY T, YIS HER
LOMUMEINAEDWEL LUAKRBREINE L) ko7
(Liteplo and Meek, 2003, KA 5, 1977). 20044 @ PRTR
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(Pollutant Release and Transfer Register) @7 — % 12& i
X, TAEMIC T )T 6T t B APE S Nz e RS &
nTws (REEE, 2005). Z0I3E A CHPHEFESR LY
 EOPERST AL ) REICHER s, b %
ZIRHT L ENB0, —HORVLAT VT NIk, W
KIHEFL720H, TR kgL, #EEHEKR
RIEPEK % & L FBROREE T, BRBIITHEKICHATS &
ZZHNTW 5. MR RIS B W TIE, 1975F KT
1995 ICBRBEA VKB ORE R AT 7275, SV AT VTR
M3t s o7, Lo L, WA ® EUSES (European
Union System for the Evaluation of Substances) € 7 )V %
HW2EHHOMRTIX, BEPOKRVAT VT FO5
FEREHDHARIIOWT, KB EH =ty T—=TVD
HERL TS, SHICERBEEOINMFEOTAEICBIT 54
A - K TOFRLV LT VT FOMIURIE, Kk
IET12ug/L 2R LT3 (BREEA, 1999). RV ATV
T NI ERILAEM L LT ENL DS, KRNDHE
FREEDSK Z W2 D KIEHH A 5 ORMEIZE V. Z0720
—BEBRE AR L 2RV A T VT R o fEIc B
BHLIZWEEZOND. DF D IRFEROHEEARPICHER L
TWARIVATIVTE FiX, ZOEL L TREEY~D
WY AR F 72135 7 EOWHRENE D T I2E X b, W
HERERICHEEZEZ LB ESINS.

WEREBOKEETIE, FVATIVFE FORBEER%
FIHL, MRS ST A EWOREE, T/, KE®
FHCIE AT < FAE MR 4 EOBRERZR EICHW S
nTwb (IPCS, 1989). HARTIE, 19814FIZKBEIT L D
RIVAT VT FOMAIZET % @2 KliT->TH D
APEHESE MDA O3EH] & LB ox S e sz Ly
L, ZEBRIZ20034E4 HIZ N9 7 7 02EEIZB VT, BT
S HEHEBATFTaRY ) 7L (Heterobothrium okamotoi) O
ERBR TR SN CTw/izZ EAsRMMLL TB Y, ZoBiilix
<, BVATVTe Ml sk Ex 6N 5.
T L, B4R 3N oKl cERE S
DL, RO F FHICHFES N Tz 2Ok, HFE
DOYIEIZ L D ETORNV LT IVT v FOMHIZ S5k
&N F72, "V T7IVFTe o2& Lz EIZ
HADOARTIEZ L, MOEIZBWTHEHFICI D HEIS R
TWwa., LaL, —EHoETIE, FSVATLVTe FofH
AN X AWIRE R BN {, ENSOEOFIIZHA
WCAREWZHE I LTWA., 202 Lid, KEGRZ
ZLFMT HEAICE ST, FVATILVFe KO HIK
F723, HHEIOWTREIZEZEZ T 2T I %S
Ry,

& AEDAYE, AENOREICBW TIRE DRV
LT IVFe &4 3 5 (Handler et al., 1941; Case and
Benevenga, 1977). L7:%%> THEAKNTHE 2R TRV L
TIVTFE RERET L0121, RIVAT VTR Rk
FEAMEH L2 o v, fiE 2 S KR AW o A4k
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WIZIE, FVAT VT FOREEE % 51T 5 B0 AE
LCw% (Haslam et al., 2002). $FIZHENVLTIVTFE KO
rIRAR IR SR BRI E LR ICIE, RAVAT VT R
ME— DR FIRE L THHT 2 CALEG W Eb M 2% &
<HISNTWwWD (Mateles and Battat, 1974). % Z TAHF
ZETIE, ERE KX OB RO 4 7 BT & ) k%
FIL, ZoWARPICAFT ZMEEOPT, KVAT IV
T NI E e mTMmz HEEL, S5I1I0H
REEDARNV AT VT FEMTICBIT 2 HEER O B)RE I
DWTOMEZIT- 7.

2. MHERRBRTE

2-1 wAREH

WEACGRE O FKIZENTE (A, =R~y —F
(BHhsi), WrARYs (CHup), KNI (D) o4
WE T o7z (Fig. 1). BHETORKICEL T, F£E
KRS H05-I1mBMHN) 2RV ZFLYFLTHL—
N OZREEN, KIS TREE L 22 BRICZBEADA D W
ECHEH L, BEEEME, ET Ok F 22135 # 2 1
H) THLPIZZ—F—Ky 7 ZATHELE. ThZh
ODEML7zAKITI%Z2H O L0 £y FTRY B
X, 05~ 1L % A# (No.2, ADVANTEC) 12XV %
L7z L 725 H00%, IREED 5 & RIS 2 80T 5 72
O, BETCHEL4TCTRAEL.
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Fig. 1 Location of the sampling areas in the Orido Bay.
A: The Mouth of the Tomoe River.
B: Miho Marina.
C: Lumberyard.
D: The Mouth of the Ohashi River.
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LZ2bDLBHE LTV WL DR ARTOEE L. £4
ZWHFEAOMBEN X =M 795 23 (200mL) 2L
oo BBICRIVATIVTE FORE B7%F VT VFe K
KB E O CTIREFSEL, 1lppm RV ATIVFE FIZ
B 1ILOKREEPIZ I UL DRV AT VT REEEH LD
WZL72) A 10ppm 2% 5 X HWCHRMLUABL 72 A4
THT b FAGRE S N KEEHE, 25C, WEESRIcak
L7724 V¥ 2~_—=% (CF-305 TOMY) NTIRE ) H¥
(NR-3, TAITEC) 2 & D ik& 9 L7z (140r.p.m, Feélm).

RNVAT VT FiEORERN 2 2L OMERRE, Nash- &
VATIVF e R (Nash, 1953) 12X D 47o 72, —E R
IR L 72388 (B5ml) &, IVRT7T 74 V5 —
(0.45um) THMEL7=1%, AWOREEHEOT F VT
b i (150g BEfE 7 £ = 4, 3mLEE, 2mL
TEFLUTELY, BEEAKTILIZLZDD) #BAL

60C TLO/ MR L7212, KK THH L. Bohe
WAL E415nm OWOLE A WMEL, TOWEME Aus& L
7z.

2-3 BEELRIVLTITERORED>EFL EKERD
5 OE DB

2-20FEHER (Fig. 2) X0, KRB ORV LTIV
T NUEEE IR 72 2 LASHEEE (SN /- A (BRI
D) BEHIDWT DA, MR O EESE % ATz A
BRI X ) — IR L C, ZRENML LI
Dan——EBRIELOL, SHEEERTo. T
FVAT VT FOBDIEE S E N, 1077505
1035127 % X 9 ICH L 72 K CEBE IS A ML, 2o
A BUE100uL % A #% K 32 KB (5.0g Tryptone, 1.0g
Yeast extract, 30g NaCl, 1% agar % 1 L O ZEE K IZEH
L7z) W CHML7z. av 95— VBRTERE O FKE &R
WA L2tk 4 v Fax—%—NT25C, WERENTTH
ERELZ, W (2-7 HM) HBELZE BEL
Zoau=—m9H b, BB OBIR, K&E, ) o) 7
L7zau=—%lHEATETETHR L, FrLvwER
B b AR LB — PR B &2 1T 5 72,

2-4 BB AHOFRILTIVF B KOEEEDSET
SN2 E ORIV LTIV RIS 550 EEDH
MEIZOWTHE L7z, RSN 9%k (SMM-1 ~
9) ORI, AHEFEREY AW TEEL T 72 FER
I, FORIFEE LTM%:H (62 Na,HPO,, 3g
KH,PO,, 0.5g NaCl, 1g NH,C] & 2mL ®»1M MgS0, - 7H:0,
0.1lmL ® 1M CaCl, - 2H:0, 10mL ®20% (w/v) 2 )V 3 —
2R KEMATILE L2 DTHS (pHT4)) &M
W2, 3O A MY K LT VEIME S 872 IR
WORIUL, B DO SINTE U 72 % A7z, #
BN EDO=/A75 22 (200mL) (2100mL ® MK % i
mL, EH5IEHAVATIVTE F25%50ppm 2% 5 & 9 12

%59 %45 37 (2011)

37% BN AT IVT e FKER Z B I mm Uik 2 38 L
7. ZLTO% (SMM-1~9) OMEBREKZ 2~ 3
mL AL 7z BRI A C25CIcRkeE L72A v F 2
N—F —NTIREIRICL VB o7, VATV TE
R ORI R 22 0L, —ERHEIC 7 ) — v R FIN
TR IR L 72388 % 2 U RT 7 14 Vv % — (0.45um)
THML 72k, AWEORE % Nash- RV AT IVFR Fif
(Nash, 1953) 2 & b 4ot EE (U-3210, HITACHD %
FAVTHE L, IR R415nm Ofii & 0 HH L7

2-5 SMM-7 %OMEN & HARBROEE & DREF
W22 T HUEE S AL 72 SMM- 7 #k ol 1 £ & v
R OWEWE L OMBICOWTHET L7z, TOAMBRER
EHOTA v F 2= —NTHREESEM, 25CTRE )5
3 L 72 SMM- 7 #R O MEE K 5 mL % BN 35 A Ofe i &
200mL =67 7 A IWIZIRINL, A SRR M % 95mL i
A7z BB RN THTCICHRELAL v FarR—% —
WIZTHRE 9 #53 (140rp.m) TH o 72, SMM- 7 ¥k
W ORI, —ERBMEIZZ ) — v Ry FNTIA 271
YAy M) ERN R EETT - 72, RO .
DFOHECEVITo 72 FRILL 7 M S i o — 6% 107!
A 1073512 2 X 9 (IR L 724 B AR 1 TR RN
AR, ZOFMPBURI00uL % AR FER I IS L
2. AV S —VRTEREBOEmMEMRICEA LK, 4
YF AR —NT25BC, BESLEMHT CHEREELZ —
SEHAR (48WFR) R L 728, B L7zau=—of%EdE
WL, MESEE ]l mLhoMERICIRE L. T2 %
DM IEHE L OFR Y & 5O EFHI X Y, P ES550nm @
WOLEE A2 WIE L7z, C oMl % M OEIE Asso & L7z,

2-6 SMM-7H¥DFRILLATILT E FDBEREEICDOWVT

FICEWER VAT VT KOS5 EiE% R L7z SMM-7
Pk (table 1) ZH T, HREREREMAPICBITLHRVAT
VT R OIS D W THES L7z 50, 100, 200,
300, 500ppm &V A 7OV T N EE O A B R Mk
37%RNVAT VT FKBHEE TNENOREICLD LD
WM LA L7z, FoOARRER TRk #2177V BIME
X472 SMM- 7 ¥k % KRB IR L - BB & ok
VAT VT RERINL TR WABERER I —E 0%
FE (As50=0.05) 2% 5 X HICZENZNEML 7z, SMM-
7 BROBETE M, RO ARZ HeAE L 72K & O RE[H &
L, —EW#EIC 3 ~5mL OM B BEEZHRL, 20
MR BB OMBEE 2 WE L, 1B L7, ZOMREE
13 F550nm OWOLEE#ME L, ZOWEMEZ Ass& L7z,

2-7 SMM-7#IZ3 (3 3300ppm FILLT LT E KAD
B4k

SMM- 7 #132-6 D FE B £ (Fig. 4) X b, 300ppm

VAT IVTE FOFAET TS RETH S T Lh b,
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300ppm RV ATV T e FOZEMT T SMM- 7 oM %
4 [ D B UATVY, 5345 R o IR TR 38 LAY 5 P 3 i
DEALIZDWTHEN L7z, SMM-7 FRORiE; 1, &V L
TVTFE FEERMOLELET TS v Fax—F -1 (KR
S, 25C) I2CTHRE 98 (140rpm) 2 AW Tiro 72
%534 0 SMM-7 #k%, 300ppm &V A T V7 FO%
PRS2 & ) \ZHEE U720 72 e AR AR LS — B O 1
(As0=0.05) (272 X )M L7z, Bifedthidf v ¥
N—F—N (WHESEM, 25C) 12 TiRE 9 # (140r.p.m)
EHWTI o7z, MR oONMOBEL, FRILL 22
TEOMBEEOWEIC X VAT 72, M OB 250 K gl
HBIICE L 22 L 2R L5, F7287212300ppm &
VAT IVT e RICHE U 7GR 5 M I Al L RAC &
BERIZAT 5 72, O SMM- 7 B O HRAC O BRI B &
34TV, M OB & AR ICEIEE L 225D, S ORIk
OB G AR 2 A 4 IR T 2 X 9 ISR IR & 1T -
7. SMM- 7 %Ol B % FE 1%, W 550nm O WG EE % il
L, TOMWEME Asso& L7z,

2-8 300ppm RILATILT B KIZEIMEL 7= SMM-7 #%®D
ERERIVLTIVT E KOBEIGREIZDOWVWT

2-TOEEER (Fig. 5) & FEkD 1 T300ppm &IV A
TIVT e FOLEM T CTHIMES &7 SMM-7 #kx v,
FIREER VAT VT e FEMATICBIT 2 Wk @EIGEEICD
WTHET L7z, TORIFE#E L L T300ppm SV AT VT
FICHEE L7285 C 4 mRfCRE R 2 Dk L, SMM-7 #&
2-TEL RO FE) OBULEAT o7z, F2FEBRICH VL4
B HI212300, 500, 750, 1,000ppm FNV AT ILVFE K
DEEET 5 X HIC3T% RV AT VT FAKERZ RN U
BL72bDERVAT VT FEBEMLZEWVDH D (0ppm)
ZUefE L7z, 300ppm FNV A TIVTF v FEMTCTHIMEL 72
SMM- 7 BkOM K & 2, ENZNORHIC—E DO E
(As50=0.05) 2% 2 X ICHML, EBREMIKEL:. K
FFEA v F 2 x=% =y (BFESM, 25C) I2TRE D
B (140rpm) ZH\WTAIT o 72, F 72MH o B 5l oo il 52
&, PRECL 7R OMEE EOWEIZ L D iTo7z. 2D
TR % 2 & P e 550nm D WOGEE 2 Wl L, Z Ol EME %
Asso& L 7.

2-8 500ppm FKIL LT ILTF E KIZEIMEL 7= SMM-7 #% D
ERERIVLTIVTE REHETADIIME

2-6DFEERTIZ500ppm KV A TV FE FOLMETICH
W SMM-7 HO#GHIZ R 5N 2> 72 (Fig. 4). L
L2-8D 5 H T, 300ppm TV A T IV T Rk &
THMLEE25 2 L2k, 500ppm IV AT VT KOS
FRZBWTH B ETH - 722 &H 5, 500ppm UL L
DFRIVATIVFE FIRELMEIZOWTH EiRE Tl
X BBRICOWTHRET L7, 2-8DFEE L M0 T
300ppm %* 5500ppm IV A T IV T KOS~ BIML S &
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72 SMM- 7 ¥ %l T, HHERESHAPICBT 2 SR
RNVALAT VT FOWBEIBRIZOWTHRE LA 7O
500ppm RV ATV T b FIZH#E L7554 T 4 k& 4
% UHiRG3E L7z SMM- 7 #k% H\C, 500ppm &)V A 7
VT FICHEBE LRI —ZOHE (As=0.05) 1274
BHEOHEM L7, LT BIEAEICEL 72 SMM-7
¥ % 750ppm ¥ 5 12131,000ppm &IV A TV T NIZHE
L 7oA PR S he L TRk L, T oddmithi 2 85 L
720 Wil DR A OME OFALIL, M OB 2
FEIARA AN IE L7z & &12AT o 72, B 98 BE 13 9k 550nm
OWSEEZME L, TOMEME Aok L7z

3. BREEE

AR, EN AT b TV B HEH R DM RV A 7L
TR FIE, REPKSCEERE, MEFOREELR EDPS
P s, ZoO—EA T KE D 5 Wi a3 K~
L, #RICKEOFIV AT VT FHBEAPEH ST
W5, FITREERTIE, FICLERREDS OB % &
WCEBHRNVATLVTE FOGEEE LTAE 2 6N 5HHR
IG5 KX I DI B R D 4 Hi i S FRELL 72 £ kD
WTHRIVATIVTF e RGOS 2 BN O A HEIZD W
T L7z (Fig. 1). TORNE, 4Hmo I s o
RIVATIVFE FRBMLEEE, $TXTORECHE
RIVATIVTE FOBDHBMHERI NIz, FRAHLE (B
W) & BHis CRAENRET) OFE/KIBTHRALL 72 308HS
BWT1HBEHETRIB%DFRIVLTIVFEE FOLEM LR
BB I N (Fig. 2). o 2 REHBWTH, 1HHT
F50% AL, 2HBIZIZEDREL9% L LKLV LT
VT FOWVRBEINT. T2, TXTORBITBY
THWHE LB 1T - 723810, WMLz RVAT VT R
DREFEIZEAVPEONT, ZOREIZ6HM—ETH-
7z. (Fig. 2). Z ORI, B 0K T O I
X, WG ERTERIVATVFE FOBAIZESE LT
WAMAEMAAAET 5 2 LR ING L L HIT, Rk
HMOETTREBRRIPBE SN2 Lhs, eIt
TETHMEORNV L7 IVF RISxt§ 2 5 fm 29w
Wz EAURE N7z (Fig. 2). PRTR (Bilid, 2004) (2
B2 EEOIBRREEORVLAT VT FOPEEDF— %
TIX, FCEH RO ER IV A T VT FOSTDE
WHIEAZRLTE D, EFEIEK, REKOELEIZLSD
DREEEZOLNL. PIFBIIBVWTHIBELL VT -
A AU T8RS, P TR EVE T 5720,
Kk & e R 2R THIRICIRA L, FEOEm2S RS hi- &
EZ NG, KITHT HEHRERFUBEDE R IV LTIV
T N, WICHRORSEHZZ T Twab EE 2 bh,
BIEEZ R 275 R 72 S L2 0, foWE s s L
TALHINCZAL L7z 0, kAR BT 2 3EWIC X AL
DIARRGIIER 2 L2205 EZONL. 22k

WAL TR [HE—H % & 3L
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Table 1 The residual quantity in the concentration of 50ppm
. formaldehyde with each of nine bacterial strains isolated
2100 -_W‘ from sample of the mouth of the Tomoe River.
<
£ 80 SMM Strain Time (days)
2 \ No. 0 3 6
g 60 1 100 (%) 855 (%) 925 (%)
e \®
= “ At
‘%o 40 . ‘X“‘ 2 100 65.5 1.0
£ kS 3 100 19.1 0.6
F— 4 100 81.4 15
TR
0 ®. - - . 5 100 71.1 29.3
0 2 4 6 6 100 74.6 73.3
Incubation time (Days) 7 100 0.0 1.1
8 100 73.8 10.0
Fig. 2 Biodegradation of 10ppm formaldehyde in seawater 9 100 78.0 757

samples under aerobic shaking-dark incubation
conditions at 25C.
Symbols of sampling locations:

(@) the Mouth of the Ohashi,

(A) the Mouth of the Tomoe River,

(@) Lumberyard,

(%) Miho marina.

Solid lines are sterilized samples.

Broken lines are non-sterilized samples.

1, REBROEZRBHIBITF LRV AT VT FORBAMEN
R, HEEL7Z9OMOMIK D) H 6 bk THHE LRV AT VT
 ROBPPBEEINIZZENLHRBENS. KIZ, &
VAT VT RO HE BEE Sz AR oK
BEDRVLaTVTe OIS LT Ml o5 #E
ol ZFORE, ERECERL-ao—0f, F
TR3BR R ED@ENP S, IROMM % BT 5 Z & 25T
E2. TNLOBMERILVATIVTE FEEH50ppm (27
5 X IR L 7B TR R T 5 &, HBEE - 9Ok
T6M (SMM-2, 3, 4,5, 7, 8%) T, ¥Hihornw
LT NVT e ROWDHEE SN/ (Tablel). 4¥12, SMM-
7HRRIE, EBRGE2S 3 HHOHETIE, 3LALEDERL
LTIV TE R L2 &R s/ (Table 1). i@
W, OBRNVATIVTE FIZREMRC AR THBEET 5 A
NETE D 5 23 7 B % AT B S &, Hliakkne %
KT, 2L CHIRSELIERED D720, Wi LTt
HERWEE LTHE#SNTHS. UL, Bosk
WTIE, REBRETEED E LTRIVAT VT Rk
ENL0I, FREETLRVLT IV FoiEE)s
55 2 RS2 T % (Haslam et al., 2002). Hil 34
IZBWTH, FRRICHRV ATV R rsE < Mk
P22 < s s T8 ) (Mateles and Battat, 1974 ;
Gutheil et al., 1997; Barber and Donohue, 1998), HIfE, %
WG L7728V AT VT R &5 ECBE$ 20
72, FRREIBEORLVLA TV FICH L T2 5Rd
MR ICE L CE B oOWZE s #E SN T3 (Kaulfers and
Marquardt, 1991; Azachi et al., 1996). X 512iE, [NV AT
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Ve ReMi—orFRE LTHHT S 250 Fu— 7
B SN Twb (Hanson and Hanson, 1996). & i &
DFENVLT VTR Fiidth# & U CHEE ST\ 5 Escherichia
coli VU3695 & Serratia marcescens 1%, % i< N500ppm &
200ppm RNV AT IVTF R R CHWEAWEETH 5 2 LR S
T3 (Kaulfers and Marquardt, 1991; Azachi et al., 1996).
T 72, KT S LAV LATIVFE P2 R4/l )s
HEEXhTBh, ®ATL400ppm FIV L4 TIVFE FEET
THBPRETH L I EHPHEINTWASDY (Yamazaki,
et al., 2001), #KIWD X 9 7% NaCl BEEEATE W& To R
VAT IVT e FOMPER RS 2 R 3 Y O 3 IE
ZAh%w, A=A 7Y 7RI -0y 2XE L THARTI,
KEBIZBWTHRIV AT VT Fid, EEREFERE
(IARC, 1995) % KEZREIREST (EPA) 7% & Ol 5
FERAMWE OWEEMEN D B & I N TV D 72O
BEREEINTWED, TAYVIRAF 5 EZOMDETIE
A RN, KA RARALI T Y 5 & o3 A JUERER I H
WHNTWA (Jung, et al., 2001). 20034, JuM KI5
DOHEIRES OWIR T T 2 X F A SR EEEIE S 2 HF 05
RKATRIY, Zo—KE LTI 77EHICBT 5H54E
HOBRERICHRIV AT IV T oM S22 oh
TWa., 7aAXYHTAITHTHRVAT VT FOEEICH
L Cig, kil - 38 (2001) 2 & - CT50ppm DL L CaME
FENEZRTZEPHEINRTWSE, T2, Fofiodki:
DIEJEAAT: ETHOHBEKREDO R VAT VT BT
WEINH TWD (Takayanagi, et al., 2000: IPCS, 1989).

Z 2 CARWIZE T A T D 2 I E82 & kL 72
FR O A 5 4571250ppm &IV A 7 IV FICRH L TRl
TEH RN 70 &, IR TR LR S L7z SMM- 7
PRzl TR DS EE & TR B & O BIfR % X7z (Fig. 3).
Wt B 1k e550nm TUE T W@ EE & L, AW
A RERBERRE I LI L7220 =— %X ) 1mL &
720 OMIBEEICIRE L2 02 Hwiz., Z08E, SMM-
7THRIZBWTHBE R L Asso® N LLBIBIERASTRD H 7272
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O, MIWEEOWE I T®EDLTIT- 72 (Fig. 3).

W2 SMM- 7 ¥k D50ppm K IV A 7 IVFE ROEMETO
WARERDP S S HITHWVIREDORVAT VT FIZxd 5
WEIZOWTHE L2, SMM-7HRIZFIVAT VTR K8
WS N5 EARRE (50ppm) 128 T & Edamiic A
BHENZ, SWEMLL OB L, ThUudkvaTv
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W23 2 ZEALZ AT ) 72D DA TABICREZ -
72EZON5D. WITHEHE RE 72 300ppm RV AT IV T
FOZEMFTIZBWTHY R LEE#EXTT->72 (Fig.5). €D
M, SMM- 7 #1372 72300ppm RV A 7 VT b K TH
BRAT) I, FEM oMM M S, 1 H T’
Fig. 4054 & MARIZ36WEH, 2 M H Tix 9 Wef, 3 M H
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Fig. 3 Relationship between bacterial number of SMM-7 strain
and absorbance at 550nm.
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(Fig.6). & 512, SMM- 7 % $H112500ppm &V & 7 v
7 e K THIft & & 72, 500ppm %* 5750ppm, % L T
1,000ppm T THEA IZIREZ FIFCEBZITo72. ZOk
W 500ppm 7 & #5% < 750ppm 2 K L2E T, #6
W OFEIDBIEE S NT2205, Z OB O AEILE
M7z, 1,000ppm RV ATV T KOS T CEM R A
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Fig. 4 Growth curves of SMM-7 strain exposed to 0-500ppm
formaldehyde.
Symbols of formaldehyde concentrations: Oppm (@),
50ppm (), 100ppm (4), 200ppm (+ ), 300ppm (@), and
500ppm ( % ).
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Fig. 5 Growth curves of SMM-7 strain that was repeatedly
exposed to 300ppm formaldehyde in four times.
Symbols: The culture of 300ppm formaldehyde concent-
rations are 1st(4), 2nd (A), 3rd (H), and 4th (@).
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Fig. 6 Growth curves of SMM-7 strain exposed to 0-1000ppm
formaldehyde.
The pre-culture of SMM-7 was exposed to 300ppm for-
maldehyde.
Symbols of formaldehyde concentrations: Oppm (@),
300ppm (M), 500ppm (&), 750ppm (% ), and 1000ppm
(@).
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Fig. 7 Growth curves of SMM-7 strain that was repeatedly
exposed to formaldehyde in a stepwise series of
500-1000ppm. The pre-culture of SMM-7 was exposed to
500ppm formaldehyde.

Symbols of formaldehyde concentrations: 500ppm (&),
750ppm (%), and 1000ppm (@) .
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