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Abstract

Distribution of phenol or chlorophenol-degrader in situ of the water in the river
Tamagawa was studied by a most-probable-number(MPN)method. The MPN(cell/ml)in the
present study indicates the number of micro-organism which can degrade more than half of
[ 1 g carbon/ml of each phenol or chlorophenol in a mineral salts medium containing 0, 02
v g carbon/ml of yeast extract within 5 weeks aerobically at 25°C.

The density of the degrader of 2, 4- dichlorophenol(DCP), for e-xample, was as low as 0, 93
~15 cell/ml, compared to the density of heterotrophic microbes of 4. 3 X 10*~2.4 X 10° cell/
ml. Because of this low density, the apparent lag period of 6 days was observed preceding the
rapid degradation of 1 £ g DCP-carbon/ml. This lag period was the time for the degrader to
increase its density to 10* — 10° cell/ml. The repeated application of DCP showed much short-
er lag period because of the high density of the degrader.

No distinct changes in the MPNs were observed among the various seasons. While, when
the stream flows down, the distinct increases were observed in the MPNs of phenol(PHE)-
degrader, m-chlorophenol(M-CP)-degrader, p-chlorophenol(P-CP)-degrader, and hetero-
trophs. At upper stream, the MPNs of PHE-degrader were in the range of 2, 3 X 10—1.4 x107%,
o-chlorophenol(0-CP)-degrader 0, 043 — 0, 43, M-CP-degrader 0, 15-0, 75, P-CP-degrader 0, 4
—4.3, 2, 4-dichlorophenol(DCP)-degrader 0. 0430, 43, 2, 4, 5-trichlorophenol( TCP)-degrader
0.009—1.9, and heterotrophs 2,3 X102 —4.6 X10'. At lower stream, the MPNs of PHE-
degrader were in the range of 2.3 X10* —2 4 X10°, O-CP-degrader 0, 023 -4, 3, M-CP 4, 3—93,
P-CP 23—930, DCP 0, 68 — 15, TCP 0, 0090, 53, and heterotrophs 1, 5X10° -2 0 X10¢. TCP-
degrader which degraded 1ug TCP-C/ml in the medium for MPN method failed to degrade
lpg TCP-C/ml in the river water without any amendments, suggesting the existence of an

ecological limiting factor(s) which control the expression of the ability of the degrader.
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Table 2.1. HPLC analysis for chlorophenol or phenol

Instruments Yanaco L-4000W (Yanagimoto Co., Ltd.)
Shodex M-315 (Showa Denko K X.)

Column Shodex RS pak DS-613 & DS-613 (p)
(Showa Denko K.X.)

Column temperature 50-60°C

Eluent Water: Methanol (4.5:5.5, v/v),
pH 11.2 (Na, HPO,-NaOH buffer)

Flow rate 1.0 mi/min.

Sample size 20-100 ul

Detection wavelength 254nm

Recorder & Integrator

Chromatocorder 12 (System Instruments Co., Ltd.)
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~ Fig.2.1. Degradation of DCP and growth of

DCP-degrader with or without DCP in
water sampled on Nov. 16th, 1987
from the river Tamagawa.
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Table2.2. MPN(cell/ml)of o—chlorophenol(O-CP), m—chlorophenol(M-CP), p—chlorophe-
nol(P-CP), 2,4 —dichlorophenol{DCP)or 2, 4, 5 —trichlorophenol(TCP)—degrader
before or after the 13—day—incubation with 1 z g C/ml of DCP or without DCP in water
sampled on Oct.13th, 1988 from the river Tamagawa.

Incubatio?zegrader HTRY PHE? 0-CP M-CP  P-CP DCP  TCP
Before 43x10°  9.3x10° 023 23 46x10 1.5 0.23
After with DCP 2.3x10° 9.3x10% 0.1> 100> 93x10®° 23x10° 24

without DCP 9.0x10°  93x10° 0.1> 90 24x10* 24xi10 01>

1) Heterotrophic microbe
2 Phenol-degrader

Table 2.3. Distributions and seasonal changes of MPNs of phenol or chlorophenol-degrader,
which degraded 1ug phenol or chlorophenol-C/ml in MS medium within 5 weeks, in the
‘water of the river Tamagawa.

Water TOC Hetero-

Sampling PHE® O-CP?» M-CP® P.CP® DCP® TCP®
Date Site temp. (ug/  trophs {(cells/ml)
('G) ml (cells/ml) ‘
St1 5.9 1.2 1.5x10° —  0.23 0.23 0.93 0.23 0.23
Nov.26th St-2 15.0 0.43 2.3x10° 9.3x10 0.23 0.23 0.93 0.43 0.23
1987  St3 13.1 6.6 2.4X10° —  0.23 46 —  0.93 0.23
St4 12.4 6.9 1.5X10° —  0.23 15 110 0.93 0.23
Feb. 28th St1 2.8 1.9 4.5x10° 9.3x10 0.043 0.21 093 0.23 0.15
_____ 188 St2 7.8 — 6.1x10* 1.4x10* 0.14 0.15 043 0.04 —
“Feb.29th St3 9.7 17.3 1.5X10° 1.1X10° 0.023 4.3 23 1.5 0.09
1988  St4 8.4 3.3 2.0X10° 4.3x10° 0.68 4.3 150 0.68 0.009
May. 25th St1 9.8 2.4 4.3X10° 9.0X10 0.22 — 09 039 —
_______ 1988 St2 14.2 2.4 4.6X10° 9.3x10 0.23 0.3 0.4 0.09 1.9
May. 26th  St-3 23.4 14.1 2.3X105 2.3X10* 0.93 15 240 2.4 0.29
1988 St4 19.1 10.7 9.3X10° 2.4X10° 0.93 93 430 2.3 0.53
Aug. 29th St1 15.8 — 4.6x10° 9.0X10 0.43 0.75 4.3 0.24 0.093
1988 stz 22.7 — 11X10° 2.3%x10 —  —  0.43 0.043 0.009
“Aug. 30th  St-3 21.0 14.0 2.4X10° 4.3X10* 1.6 9.3 93 4.3 0.004
1988 St4 23.8 14.1 1.5X10° 9.3Xx10* 4.3 9.3 930 15 0.21

1) phenol, 2) o-chlorophenol, 3) m-chlorophenol,
phenol, 6) 2,4, 5-trichlorophenol

4) p-chlorophenol, 5) 2, 4-dichloro-
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Fig.2.2. Aerobic degradatioons of phenol and chiorophenols at 25°C in water sampled on
Mar. 28th. 1988 from the river Tamagawa. ‘
Abbreviations are the same with those in Table 2.3.



(2.8x10%), AV 27oa7x /=N (BUF. O
-CP) ®%hi30,23(0,23), M-CPDZhid24
9.3) . P-CP®%1.i3150(93) . DCPDZ i
2109. ). % LT TCPD %1130, 090, 04) TH -
feo Elo, WEBKBMEMEE (MPN/nl) 11
2.1X10'THh -~ 72

CORKI0mI, BLDEFRILT =/ — L%
lug C/mliciE B L5 B4 ICiiRmL. FEH
IR L, BETAERLT =/ - ILEORED
BIETLET~ (Fig.2.2), MHONREE
EOEKE., ERILT7 = / —IVEOFEEL %R
HEEERA L MRR T £ TOBEOEEIR. TCP%:
BT, K—BL7

& ICHEED 2EEIZ. ZDHAKICTCPOS
BEAVSEELIZCHO DS, TCPIZBHRS
NI -1BTH B, THHL, MSEMichT,
3BT, lug TCP-C/md% 5 LT iz®bT
% B RE 0. 0dcell/ml. S0% LTI T
ELNREBLED S L0, 09cell/nl. FEAELL
NEL INoOREREEITAIIDRRTIE. 48R,
RE L7l &I B,

ERkD#E R 1T, DCPAIMB 3 W |RMNT
13E AR L7k (Table.2.2) THiBSN,
T15b 5, DCPEAAE L 12 DR & DCPEHR
mo 2 >DFEKEI0MBERE N 7 R B HE
L EFR L7 =/ -V EELug C/mlicii b &9
AMAZHEML, TOHRDODBOETE AN
(Fig. 2)o NEREBEEOEELERILT =/ —
WVEQERE L Y RFEREORE R, TCPER
WT, & —H&KL71, %MPDO-CP. M-CPH
LUP-CPOE 4 D7 EEE L. DCPEAZL
1% DK TIIDCPHE L DFRK L DIEL 18- 1,
TCPI3DCPAAE L7 DFEKT b 38R

FREL, JORKICIIEEREKBEFC 2.4cell/
mDTCPREENMPNETRHEINT W, &
D & FEBIEHG T p g C/mDTCP% 384
PINICHE LRTHABENEELTVWIIEEE
5, LIz, 73 ZX2hDFRKTLlug C/
mDTCPH 3 BRI EERFEL. LR, 205
RE I TSR L TORRE I R BB T
BOFRKTIIEETEXIRLNWI &, HB W3R
NERBLEBWI LEETRT, JORKOEERT
BTl COMPNET HTCPOAEEIIRE X 1
-1z,

F=F =R LTORRONR, BE LR KkTIR
WHRILT = /- VEOBEEMNLE. 8 BEOKE
TR 4 %LATH -7 Fh. 19894108198
DSt-3DFHKZE 1,10, 100fEHKR L& 2D
DCPR#EEDOMPNDEGHE T — Ki33-0-0THh -
1o SOOI EFEAK 1 micDCPAEEMN2. 3@
GHELIIEABY®T 5, J0& ORI
3BEITH - 10, HERPEN 8BEITH->Th,
BBtk — NIZEIU3-0-0THh -7z, b, BEE
A LBRITIR. BHORBRERBEELE L -7,
MPNOFRREHOUEBEBBENOTE L. 5
. oI D 5T, 8BRIET5 8X10°/m
Thoto NSO EWE, EFRILT =/ -1
DoEFEOMPNOIE BRI 2 3B EThHN
E+aTHhb L&, Fio. HEH 8 EMO &
JIRBETH > Th, FIAI, 5.8X10°/mdd
REERBBAEY O—EA T OHRICER L TH#E
BICERU 32 & REVI EERET 5,

EMiDE WA, DCPAEEDOMPNICRIZ T
I OWTHN (Table 2. 4), HEHINRE -
ThH. KPR L THIE, MPNIZIZIZRIRED
EER LT, BABEOBEMERB LSS SA



TALEME Z HE KB (co-metabolism) 35
SRBEDEE (Horvath, 1972 ; Schmidt &
Alexander, 1985)%8E LT, MKBE T+ X
10pg C/mb% ST EMIEHM (Table 1Denriched
MS medium) HHWEA, LT LE. MPNIZ
REL D12, Ehoy ABRE L EIKTIE,
KEEFORZMNFHINN LT L b,
MPNIZ/N&E K 18- 7o

UER, lug C/mbDEFRLT =/ =B B0
R7 =/ —IVERRTEBERTHD . RO
FThHot, BAREHOAT/LEMEOBED
BEEDTES, ZOREOERFPAART v 7
ANSEBERE AV 3 KRB OMAENFER,
SBONIENSLRESCRUEBIZENHH L

(Alexander,1984; Hoover et al, 1986) % & &

LT, 0.1lug C/mA FODCPOARRE R & 4y
ROBKF %, =i L7 (Table2.5& Fig.
2.4) o
Table2.5(30, 01551 1 g C/mfDDCP % 5} %
TEBEMIZIE[ALTH B &%RT, DCP
DRENELILH L INERRTE AEHEN L
T 3DEDCPORBIEA DB THS 5, KMl
BEDODCPORMEDORETF (Fig.2.0) 3. MIHDH
B L 2 DROZHMIENEERL, GREDZN
S5EEIBTH -7, 12720, DRO%IAICDCP
21 ng/mRERE LK. B {EBBEDDCP
BRI Wl EERB LA, £72. DCP
W% 158 BOAMERIE. 0.01. 0,08B&L T
0.0 g C/mbDHFEMAKT, &4 1 1X10%,
BLU2 4X10'BLU2 4X10%cell/miz M L

Table2.4, MPNs (celi/ml) of DCP-degrader which degraded
lzg DCP-C/ml in various media within 5 weeks. Water

samples are from four sites of the river Tamagawa.

Sampling Medium for MPN
. . Filtrated
Date Site MSY Enriched MS?  D-MS®
water sample*

Aug. 20th St-1 0.24 0.24 0.24 -
______ 1 988 St-2 0.043 0.43 0.043 0.093
Aug. 30th St-3 4.3 0.9 1.5 0.43

1988 St-4 15 15 24 15

D' MS medium

2 VS medium enriched with 10ug yeast extract-C/ml

3 MS medium whose phosphate buffer and ammonium nitrate were diluted 1000 and 50 times,

respectively

1) Filter-sterilized-sample of the river water of each site -
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Fig. 2.3. Degradation of chlorophenol or phenol in water after the

13-day-incubation with 1 gg C/ml of DCP( ) or without DCP
(---=-.

Abbreviations are the same with those in Table 2.
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Fig. 2.4, Degradation of DCP at low concen-
tration in water sampled on Feb. 6th,
1988 from the river Tamagawa.

Table 2.5. MPNs (cell/ml) of DCP-degrader estimated by using
various concentrations (ug C/ml) of DCP

Concentration 0.01 0.03 0.1 1 3 10

MPN 460 439 439 439 0.932 0.432

Din water sampled on Feb. 16th, 1988
Din water sampied on Dec. 24th, 1987
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3. W OHhDBIBEFIKICETSB2,4—dichlorophenol D53 &

Abstract

The density of 2. 4 —dichlorophenol(DCP) degrader estimated by a most—probable—numb-
er (MPN)method and the degradation of spiked DCP were studied in water samples from
various aquatic environments. The initial densities of DCP—degrader, which can degrade |
or 0.1ug DCP-C/mf in mineral medium, were'below 15 cell/mf. Because of these low
densities, the lag periods were observed preceding the rapid degradation of 1 or 0.1 ¢ g DCP
—C/ml. These lag periods were the times for the degrader to increase the density to an order
of 10* —10° or 10° — 10* cell/mf, respectively. However, the initial densities of DCP—degrader,
which can degrade 0.01 ug DCP—C/mf, were in an order of 10°~10° cell/mf of the water
samples from the pond Mizudori—no—ike and the river Minami—asa—kawa. The degradation
of 0.0l zg DCP-C/mé in these samples did not show the apparent lag period, and were slow
and linear to the incubation time, suggesting the degradation of DCP by a co—metabolism.

In the water sample from the spring Masugata—no—ike, the degradation of 0,1 ¢ g DCP-
C/mf was not observed for 42—day incubation, although DCP-degraders had increased to
10* cell/mf at 35—day incubation. When both nitrogen and phosphorus were added to the
water sample, the rapid degradation of DCP was observed. These results suggested that the
sufficient increase in the density of DCP—degraders was a prerequisite condition for the
degradation of DCP, but ecological factors such as mineral nutrients might limit the

expression of the ability of DCP-degraders even when their densities were high.
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Table3.1. Densities of DCP—degrader, which can degradelug DCP—C/mf, in water

samples from several aquatic-environments estimated by a most—probable—

number(MPN)method. For the MPN method, a serial 10~fold dilution of the

water sample was inoculated into a mineral medium supplied with 1 zg DCP—-

C/mf and 0.02 ug yeast extract—C/mf, and was incubated aerobically for

5 weeks in the dark at 25°C,

Aquatic environment Location Sampling date ](:)ceerils/i,t,,}é)
River Tamagawa Hiuchi—ishidani 15th,Jun.1988 0,23
ibid Hamura 19th, Oct.1987 0.23
ibid Kawasaki 30th,Aug.1988 15
River Nogawa Kokuryo 18th,Aug.1987 0.1>
River Arakawa Kitasenju 20th,Aug.1987 7.9
River Ayase Ayase 20th,Aug.1987 3.3
River Kandagawa Shimo—ochiai 22nd,Aug.1987 0.2
Spring Masugata—no—ike Kokubunji 6th,Jun.1988 0,07
ibid ibid 28th,Oct.1988 0.04
Pond Mizudori—no—ike Tachikawa 1st,Oct.1987 0.7
wbid ibid 10th,Oct.1988 0.24
Swamp Teganuma .Abiko 14th,Jan.1988 4
Lake Motosuko Yamanashi pref. 15th,Jun.1988 0. 009
Ground water Hachioji 26th,Nov.1988 0.004
ibid Fuchu 31st,Jan.1989 . 0.01>
Suspension of activated sludge Minamitama 11th,Dec.1987 9.3
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Fig.3.1. Degradation of lug DCP-C/mf (solid
lines) and growth of DCP—degraders(dash-
ed lines) in the water sample from the pond
Mizudori—no—-ike collected on 1st October
1987, Symbols @,in non-autoclaved water
with DCP;O, in autoclaved water with DCP
(a solid line) or in non-—autoclaved water
without DCP(a dashed line).
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Fig.3.2. Degradation of | 1 g DCP-C/m{ and

growth of DCP—degraders in the water
sample from the swamp Tega—numa colle-
cted on 14th January 1988, Culture conditi-
ons and symbols are the same as in Fig.1.
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Fig. 3. 3. Degradation of 1 u g DCP—C/mf and the Fig.3. 4. Degradation of 0.1 x g DCP-C/mf and

growth of 1 yx g DCP-C/mf — degrader in
water sample from the lake Motosu—ko(QO),
the valley Hiuchi—ishi—-dani(A), the ground
water at Hachioji ([), or the suspension of
activated sludge at Minamitama(lD).

the growth of 0.1z g DCP-C/nf — degrader
in water sample from the valley Hiuchi—ishi
—dani(A), or the ground water at Hachioji
(). The sample(A)from the valley was
amended with NH,NO; and Na,HPO, to a
final concentrations of 0.2mM and 0.02mM,
respectively. The sample(A) from the valley
was amended with yeast extracts to a final
concentration of 10ug C/mf .
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Fig. 3. 5. Degradation of 0.1 g DCP-C/nf and

the growth of 0.1z g DCP-C/m{—degrader
in water sample from the lake Motosu—ko.
The sample (@) was amended with nutrit-
ional minerals and the sample (@) with
yeast extracts as in Fig.2.
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Fig.3.7. Degradation of 0.1 or 0.0l g DCP—-C/

mf in the water sample from the spring
Masugata—no—ike collected on 12th March
1988, Symbols: @, 0.1ug DCP-C/nf ; B
0.01 v g DCP-C/md -

Fig. 3. 6.
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Degradation of 0.1 ug DCP-C/mf (a
solid line) and growth of DCP—degraders
(a dashed line)in the water sample from the
lake Sayama—ko collected on 15th March

1988.
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Fig.3.8. Degradation of DCP and effect of

amendment with various nutrients in the
water sample from the spring Masugata—no
—ike collected on 26th April 1988. The initial
concentrations of the amended nutrients
were as follows:16 u g of NH,NO,/nf, 2.8 u g
of Na,HPO,/mf, 10ug yeast extract—C/m.
Symbols: @, non—amended;O, NH,NO,; A,
Na,HPO,;0, NH,NO, and Na,HPO; A,
yeast extract;ill, MS medium .



Tabled. 2. The MPN of DCP—degraders at the initial and 35—day incubation in the water
sample from the spring Masugata—no—ike.
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Fig.3.9. Degradation of 0. 10(@®). 0.03(®) or 0.01(Q) ugDCP -
C/#¢ in water from the pond Mizudori—no—ika(A) or the

river Minami—asakawa (B),
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Table 3.3. Density of DCP —degrader, which can degrade 0.1 or 0, 01
ugDCP - C/nf, in water sample estimated by the MPN
method, To each sample, DCP was spiked to a final
concentration of 0,1 or 0 01 ugC, /. and the code for the
MPN method was obtained by using the same concentration

of DCP of the spiked sample,

Incubation MPN /=i which can degrade

Hme(day) o1 gDCP-C/m 0,01 2gDCP~C/nt

Water sample from

Mizudori—no —ike 0 7.5 230=
24 2.3x10° 1.1x10°

Minami—asakawa 0 9.3 1600
15 4,3x10° 2.3x10°<

Table 3.4. Water quality of the water samples from aquatic environments.

The pond The lake The spring
Mizudori-no-ike Tega-numa Masugata-no-ike

TOC
(uge ml™) 15.6 20.0 2.7
(Eé{fﬂr » 0.2 3.1 N.D?
(f:‘gf'rf;’l_ N 0.02 16 8.2
Total P * «
(g-P-mi™") N.D? 1.2 N.D!
Reactive P N.D* 0.8 N.D¥
(ng-Peml™")

Total « 6 =
heterotrophic 24 x 10 24 %10 s

microbes

{cells - mi-h

* Not detected. The limits of detection were 0.01 ;zg-N-mi~' and 0.003 r«gP - mi™" »
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NSO ERFRIERIINBROBE TR,
DBREDRBITHETH S LERRT 5,
DCPREDHRENRB IO E b HTLY
AREOTEATIR LIV, £, SREORE
DBH-Th, BT LL. TONMEDOIREEKL
BV, NS IIARENRA SEEEHNERIC
L-oTZDHS X EFRINTVWS I LEEKT
%o LichisT. HEEBOAMED /- HDOMPN
EORMOBRFI VAR TH B, oo ATILFE
VBEOBE EMRBEOFE. T LT, XBEHOD
BETL & OBEEERO=H DL 1S ERIRE
BHOMNIT B L BEROFETH 5,
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Abstract

First supply of DCP ( 2, 4~dichlorophenol) to a final concentration of 1 # g C/ml increased
the density of native DCP-degraders from 0, 04 cell/ml to 9. 3 X 10* cell/ml in oligotrophic
water sample from the spring Masugata—no—ike or from 0,23 cell/ml to 9.3 X10* cell/ml in
eutrophic water from the river Minami—asakawa when the added DCP disappered at 9th and
5th day, respectively. Thereafter, the densities fluctuated in an order of 10®~10*cell/m]l for
the spring and 10*cell/m! for the river during 60—day—incubation in the dark. While, an am-
endment of organic substrates of glucose, glutamate and glycerol decreased the density to
an order of 10cell/ml. The rapid disappearance of DCP of the second supply was observed
only when the density was high, i.e., in an order of 10*cell/ml. When the density was low,
i.e., in an order of 10cell/ml, for example, 80% of the second supply of DCP were still found
after 12—day—incubation, suggesting the change in the metabolic activity and/or species
composition of the degraders from those at the time of sampling.

During the long term (c.a.100—400 days) incubation, the densities in both samples were in
the order of 10—10°cell/ml. Second supply of DCP did not increase the density of DCP—
degraders in the spring water of 172 or 374—day—incubation, but did increase in the river
water of 181 or 406—day— incubation. The degradation of DCP of second supply was linear
and 27 or 41 days was needed, respectively, for the complete degradation of DCP in the
spring water of 172 or 374—-day— incubation, while, the degradation of DCP was comleted
within 2 days in the river water of 181 or 406—day— incubation, The density described above,
as measured by a MPN(most probable number) method, indicate the microbial numbers
per ml which can degrade and assimilate more than half of 1 x g DCP—C/ml aerobically
within Sweeks in the mineral salts(MS) medium. However, instead of MS medium for MPN
method, if the MS medium was enriched with phenol, yeast extract, glucose, glutamate and
glycerol to final concentrations of 5, 2, 1, l 11 g C/ml, respectively, two orders higher density
was detected in the spring water of 374—day— incubation, but not in the river water of 406—day
—incubation. These results suggest that, after a long term incubation, the DCP—degrader
in the spring water was dominated by the degrader of co—metabolism, but not in the river
water.

Five water samples without any treatments from aquatic environments were spiked with



DCP to a final concentration of 0,1 g C/ml. In the two of the samples, lake Motosu—ko and
ground water at Fuchu, degradations of DCP were not observed during 32— day— aerobic
incubation at 25°C in the dark. Inoculation of DCP~degrader, Pseudomonas sp. DP—4, into
these samples degraded DCP completely at 28 and 9 days after the inoculation, respectively.
In other two samples, lake Sagami-ko and swamp Tega—numa, degradations of DCP were
completed within 8—11 days, irrespective of the inoculation of DP—4, In the sample of pond
Mizudori—no—ike, inoculation of DP—4 enhanced the initial degradation of DCP, but the
degradations at 32 days were almost the same with the sample without inoculation. In this
water sample, the inoculated DP—4 decreased rapidly from 4 X 10°cell/ml to the orders of 10?
or 10°cell/ml. It was discussed that the failure of enhancement of the DCP degradation by
was attributable to the

the inoculated DP—4 in the pond Mizudori—no—ike for example,

presence of substance(s) which inhibit, not the survival but, the expression of DCP-

degrading ability of DP—- 4 .

41 BCHIC
BEELMAEMEREICEAL. ATILEDE
DR REIH LI LT HHSNDHS, T
i3 BETRIECE > THREOR VWA D&
HIcKERHH{ENLIESNTWS (Omen &
Hollaender,1984) .

Wl TS| 1R LA RBETHREE SR
HIseHicid, £ 0EBENFRER
BRLEFhERSLEWI & biEFIhTWS
(Alexander,1984), BE, BEBFOREHAH
NOBARLTLLABERES LTV L
(f: & 2. MacRae & Alexander, 1965 ;
Anderson et al, 1970 ; Goldstein et al, 1985),
ANIALZE$E D1, 2 4-dichlorophenol
(T, DCP). OAERZERAKRICOT I
BOFEL. DCPORMIT L » THEHE L.
DCP4A 4R %5, D& %35 L RE L.
DCPARR LKk, EDKSIXHT 74T 7L
L. £7:. DCPOAEHENRED L S ITRRY

2THAIN? I, FEEOICKDEREEES
BTHEEL., 5B L9RE Mo LEDENER
ETAREFAKCERBLALE, EOLHITY
Tr AT VURRBENERBT A THAHI07?
AR N S ORI LTW L o2 D1EH
285 LEERL. HENEHMOSBEOY
T AT 7 VEEFENT,

4.2 HM¥EFE
BOKIAEROREN RS THFH 5870 K
BOMBKIIRETEKEED 1 >THL. N\E
FHiOERNSEFEIKETHL CEBL TV,
IO 5 AFORKE LERRES R
Table 4. 1D & D D TH B, &4 DRIFKIKE00mE
BRE 75 A2k L. 4 BRLIICEKFD
DCPORBEEFEEDORME. BLU. AKk~D
DCPOHME Z D EORIEZRE L1,

T oSDEKDDCP DA RETE 2R
(most probable number, JATFMPN) i<
X ot, AMPNIG, REETO1IHSWdlue



Table4.1. Total organic carbon (TOC) and dissolved organic carbon {DOC) in five environmental

water samples

“Water sample ToC DoC
(¢g/ml) (ug/mil)

Ground mater 11 09
(Fuchu)
Lake Motosu-ko 14 14
Lake Sagami-ko 2.2 1.9
Pond Mizudori-no-ike 13 13
Swamp Tega-numa 27 10

C/mDDCP%., 3~ 5@MEAIC, 0.02ug C/
m DR T+ X2 ERRF & L TEUMSHE
BEMIP T, FRENCH BT AEEETR T, &
MPNEDFEIZ 2. 212818 D Th B,
KBTI, 20 E, b0, LR
022um®D 2FBEDA > T5 7 4 ¥ — (Sterivex
-GV , 3 Wi, Sterivex — GS , Millipore)
THEOEERE LI,
GV-74Is—DMERE)E=ZYF 70
4R GS-74 N7 —RBEIa—-RTETF—
FTHD, GSEDGV T4 s —=RF /30D
BENDIENWEINTVS,
B 1270 L 72 DCP DI I Bl b 7 1
757 4 —(HPLCO)THRIE L7z (Table2.1),
DCPA BRI D BB IIERIEBICE -~ 72, T4
b, EK, EEHRE L THESEEUEERS
EDCPA2EUMSHEHEMEZ R W THEEEE L,
CDLE, DCPOBEIZIug C/mld S, #13
# ADRICE0 u g C/ml E TERRPEENITE D, BE
BOEEZRD 1 RIS D0, 01150, 1 & TED I,
KBRBDTOug C/mlDDCPD0Y% L EA SR
ENBEIITU oo &, TD1EEOug C/

mDODCPEBURRKEMICH L, RELWL
opDau=—%BE L, REL, OB
DI 5, DCP%10u g C/mbETMSERITHT
DCPM—DRFEFENM>TRXNF—FE LTH
BEYT B 1 HREBATDP-4& L, ¥/, 7=
/= VEOERYNRMashic L EDADCP%
53R T B 1 HEDP-2 & L, CHoDOEEN
WHEZE (1984) % DOREFICHE L THN .
DP-4 375 L[eHOREE T, BHE, EHiE.
N7 —EBLHERETEERL, A+ 55—
YELUVOFTRA ML BN T =205 DERD
HRREER %, GCERII6L.6%. T LT, +/
RI3Q-8Th -7, DP-2i37 5 LBEDE
FHRET, ¥/ VBIIMK-8 (H2), 2L T,
RIF KT A vhmeso-A 2 pm (A=
TI/EXY VB 280, ChoDHE%:,
Bergey’'s manual of determinative bacterio-
logy% &t BE& L, &4, Pseudomonas sp. DP
— 4 B X U Corynebacterium sp. DP—2 & L1z,
BH. INoOFENMHRE IYHAZORMIAE
KREFHBENRIZA S f

BKERNNDRKIZ, DP-4 & 3 \W3IDP-2
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.4.1. Fate in the densities of native DCP-degraders in water samples from the spring

Masugata-no-ike { O A ) after the addition of
DCP to a final concentration of 1ug C/ml. The fate was also shown in water from the
spring { @
glycerol to a final concentration of 1xg C/ml of each after 10 days. The MS medium

) or the river Minami-asakawa (

} which was amended every 4 or 5 days with glucose, glutamate and

was used for the MPN method.

CMARBRIF R, ZILa—X, s A—tE
KUY U2 KA40, 20, 208X TU20ug
C/mEE8LHARBREDPOIOMTIERIEEL. £
D 2 mbEFK100mb iR Lo KOs
DRI KEFEERRL ., BRECKOREL
7c a0 =—#%*CFU (colony forming unit)
ELTKR®DI, TDEE, BT+ 1004 g/ mbs
R7ZF20ug/mMBLIUVERX S mg/mE&T
MSHEMIEMIZ, DP-412i3DCP 201 g C/ml%.
DP-2ici3DCP0ug C/mbe 7 = /=100 g
C/mbEMA - BEERWT, 3 BREER L/
B, TORETIR. DP-4550WIDP-2 %
EERVRAKEIEHIRT 5L a0=—F13 L
AERE LD T, TITIDAEKIZDP-4

& BV IIDP- 2 110/ mPl EoFKICER L7,

D-MS#E Iz, MSHEMIEH (2.2) DY
BNy T 7 —%1,00030 1, HEET v EZY
LES0ZD 1. ZOMELIFO LISHIR L 7ol
TH b, '

LTOREIIBC, BT, FRINTEbh
726

43 ¥ B

Bk & m)IOBEKIZE T BEKEOREB KRB
HOEEIZ, &%, 1.0X10%cell/mf&6.5X10°
cell/mdTH »72, TR LT, MSESH A HW
TRHESN/:DCPARROERE L. &%, 0.04
cell/ml &0, 23cell/mdTH » 2o TNSDHEIKIC
DCP%1ug C/mbicE B & D ICHMT 5 &,
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Fig.4.2. Change in DCP concentration of the first supply (--------- ) or the second supply

{ ) in the spring { O

) orin the river { A

}. Numbers in the figure are the

incubation days of the culture to which second supplies of DCP were done. There

was no change in DCP concentration of the second supply in the spring { @

) which

was amended with organic substrates as in Fig.4.1.

DCPOREDREDE & bz, HEHOEE I8
mL T, maKkE 108 HBLMITRAMIZS. 3X
10'cell/mb & 15 -tz (Fig.4. 1) 2%, DCPAIR
MU NEDREOFE IE(L LIEh- 12,

DCPiiMic L DAL . RREOFE 3. 10
~60B I > T, HBKTLO~10%cell/m
BEIK T, 104 cell/mdD — 7 — IS X 1tz

NoDHAKEISITERT B &, DCPAE
WOFE 3R LTR2BE TR, BKT10%cell/
nle FNKTL0cell/md DA — 5 —12 15 o F20
NoDEER. ZOREBICOL-T, BKT
102 ~10%cell/mé ®IIIZKT10%cell/mdDA — 5 —
ICHER I NI,

133%. DCPORMIC & O AREOFEIBEK
{HARLUIZBAKIC, ZJVa—R, Ty A= b,

ZLT SV eo—L%xBE, lug C/udilli’d
LA~ EBICRMT 5L, HEREOEE
HBLBD L. 22HE TREAMD1/10, 000173
H, REBTIRBERHEINE, -1,

WolES. lug C/mlDERMDCP D3RI, 1
EIHDORMTIIDCPYRHINIE 1B T,
BkToBM. ANPKTS AMZE L7, 2EH
DODCPAEMA60H HRlk iz, fTubh 3 &,
DCPHRH I NI 125 & TICET BB/,
BKTREBHRNRS B BITO>N TR,
BAUBEELA, @K TSR
boThFrh2 A Th -1, IhHIBET IV
KOO DREFD S B, KRS, i, 2L
T, BEFOHKDHF| DA, Figd.21ZmR L1,

BE, HKE®R. Tbb, BERHEEHO 1E
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Fig.4.3. Changes in the densities of DCP-degraders before and after the DCP degradation

of first supply (--------- ) or second supply

)}, Numbers in the figure are the same

with those in Fig. 2. The MS medium was used for the MPN method.

BoOBRMDCPOAZIZE/KT 7T HE, ANIKT
4 HE DA INF DFEEM (apparent lag period)
RRB LN, i, FIHOERD TEWSHER
FE (Fig.4. 1) AL Tl ug C/mDODCPD
MRV SN B I DITHER, HRETERE0
~10°cell/mICEET B/ dDIELIKHETH 5
EBbhi,

o, INVI—-REEA~SBEICRMLIZE
KTIZREETEABEIIRHIN G -7, &
DRAKTIE. 2EBEDOHEMDCPIIIBHMICH
fe>THfEI NI -7 (Fig. 4. 2)

3T, BKicHT EEPHAT2EE) LM
(3748 BD izt 5 2 EIHORMDCP D43 #21
BHTWBPNTH -1 E T \mIKICHIT 5%
RERE BRI »1 (Fig. 4 2)o COEHIIHE
KizEB T 55 HRE TR (102 ~10°cell/ md) AV
iz BEE(0cell/m) DB 72 T &

(Fig. 4. D3 gL bl onisv, BELS,
928 HoBKIZH T 3 3BETE SE)IKICBY
BEELDEN - 12(Fig. 4. DITbhhb ST,
B IER L TWRWAY, BKicEk i 2DCPDY
RIIDIEZDWEPHTH-ThoThHb, Zhi
DZ &id. ARKODRE TR - 1A LFR
HEE LB, SEBAFEE T TIRIDCPOAED
BEPHERNEELLVI EERET B,

¥/, mRAKOREED 2 BE DFMDCPIZ
T RIS IEAE BRI 7 (Figd 3)o T4
bbb, BEOPYEAHOB KOS REEER
DCP 3R LIER L THEMULIEh 7, En
DCPOARIIERIITH - 72(Fig.d. 2)o TH
5 13BRONEE IIDCPESRT 2H R LS
WAL S (co—metabolism) 9 5% (Horvath,
1972 )TEDON TNV I EERET B, TDEE,
SRR L. DCPLS DK OBFERYE T X L



Table 4.2, Rclationsﬁip between MPN of DCP-degrader and media used for MPN method in
the water samples from the spring and the river

Water samples MPNs
(Incubation Media for MPN Before DCP After DCP
time, day) degradation degradation
MS 2.1X10? 9.3%10
Spring D-MS 4.6 X 10? 2.1%x10°
(374) E-MS 1.5x10* 7.5%10?
F-SW 7.5%x10° 2.9x10?
MS ............................ S i
River D-MS 2.9%10° 9.3x10¢
(406) E-MS 7.5X102 3.9%10°
F-SW 4.3x10° 2.3%10°

F-FELTHH LI EBbNE, COBEEEH
NI TS O HHES X 118 5 (Geller, 1983),

FROSEFREEE IIEE (MS) b TDCP
DIREEE R T 2MEDOMPNTH 2o Z0D
MSHEHIZ, X5, T/ — AP T Na—-2%
DOE M A G L 7-E-MS#EHidh TDCP D437
REERIFT HMPNE, BEKTIE, MSE#ioZzh
0. 24 -5 —bE RIS (Table 4.2),

ol &R, BERE GMAB)OEKICIZE
BB T 5RENSERICHFE LI EEEK
T2, COFEEDIHIZ, DCPOSRICIZA
N OFEIANES . HERBILBERHED
ZETEN LW D LRI NS BT, BOT
W5 PNEDCPOSERELIDTH A5,

7., DCPOEMLEMERL TW L Bbh
BENIKTIR. BHYEZEATE-MSEIIIMPN
DBREIZET LABEENTH -7,

I oI, AWAMPNHOEOBER IO D
57, 2EBORMDCPOSMREIC. MPNIZE
KTirED Ly ®NKTI3ENER LY (Table
4.2) COIE b, BERYDBHEKTIIDCPD

HBHRBEA. £ LT, @INKTIRDCPORENL
BENBEELIOBETH -1 LICBRL TV S
DTHA%e

BE# LI HEEDP- 4% EET 3 2 itk » T,
HKFDDCPOA R RET B ENTE

(Fig.4. 4o

KD B\ FEIKICDCP % lug C/mbic?s %
XIIHEML. >, DP-4%2 5% 10%cell/ml
KB LD ICEET 5L, DCPId 2 HEIRIZTH
Bt DP-4%E@ELIEVWE. CODCPIRE
KT I~11ER/. FIKTIZ 4 ~58/MEBEL
Foo Eioy BUKIZOVVT, FURO,224mD7 4 L5 —

(Sterivex—GS, Millipore)iz & 3 A D H &,

BEU, BEEAODP-4ORIRBAEHIC W T
10ug C/mbDDCPOFRICH M 5F . DP—4i
& BRI ED I > 1o

EIBDOEEREDP-2% A WTITH - 7285,
DCPOfRER BB SNLh -T2, TR
DP-2ALBHNE BOMBEEOEET TOA
DCP%:45#3 20T, ThHOEKTIIHEE
BEOBYPENFRTRTH 121D THA,
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Fig.4.4. Degradation of DCP with (closed sym-
Pseu-

inoculated to a final

bols) or without (open symbol)
DP-4
density of 2.5x10¢

domonas sp.

from the spring (A)
with (

native population.

was precultured with
(4)DCP.

BkDH BV FENIKICEEIN/DP-46€ 5\
IEDP-20F K 3. 10~20H RElic, BEEROEE
D#10053D 1 izwEzb Lz (Fig. 4.5)

X512, fthd 5 AFROFKICONT H, LED
DCP/HRE LR L e HEEIC &L 5DCPD5 iR
AEF~NI, 13, DCPOEEIRO. lug C/mbic?s
BX5IEmli.

WAk Lzt TORKICH T 5DCPORE
OERBLEALEFE~T (Fig. 4.6), MTKE A
# LB OFRKTIE. DP-42H#EL LW E

cell/ml in water
or the river (B)
) or without (----) the
The inoculated DP-4
(®) or without

DP-4 (log CFU/ ml)

Time (day)

Fig.4.5.Survival of inoculated DCP-degraders

(Pseudomonas sp. DP-4, ;
Corynebacterium sp. DP-2, ----) in
water from the spring (©) or.the

river ().

1 % ABLE b > TDCPDARHEW >hiL
Ve S LT, DP-4%#EET 5 & iRAE
XNt ¥, KkBois (1)) Tid. DP
—ADERERYPONRIEET 5228 EHOS
BIEELEWEELRILICE T, 30IC. 1
il (B EFEATE, EROMRIER
Hont, WIN b HERR AL,

e ZiE, KBTI, BEL 4 X10°
cell/ml@DP— 4 iz@iic# L L @b Lz (Fig
4.7, M L1-DP- 4 OFEH2X10%cell/mD
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Fig.4.6. Degradation of DCP in various water samples with (—) or without (----) inoculation of

DP-4 to a final density of 4x10° cell/ml.

(A) Lake Motosu-ko (0) , Ground water (Fuchu) (a) , Pond Mizudori-no-ike (®)
(B) Lake Sagami-ko (0) , Swamp Tega-numa (e)

EIEVWEEDL, COEEZ#LLBL L,
BE. KSR L TOHROA, BOWEEOERE T
DCPOSR%A] SR X 1L > 1o
SRBEEEORDIT. TEOMEMBELRE
THE, BHonEh-7o, IS, BEEEN
B\ & DP— 4 (3385E L T10'cell/ mD #+ —
¥ — TR SN,
TEOMAENMBELRET HL, DP-4OF
EIS#EINss, DCPOSRIEIHSLT LD
Bt -7 (Figd 8, THbb, &
ZiE, KBOMTHE, AKEGS-T74 V7 —T
BEBATHNIIDCPORRRIIZDHHTERL -7,
GV-7 4 L& —THE@TIDCPOIMRIZ T
DBEMDFET DL &L ORTREBERE
Mot FRROBREIABHORKTHED SN

72e FEBORKTIIGSEGV -7 4 L7 —DE
IDCPORRITHEL£A25 X FDCPOSAIRIL.
TEOMEMBENEET S LEL0, THHICIE
PRROPREANCIEBEALERILTH -1, B
IR LTV, HEEEOFKTHFEED
ZheERRTH 72,

1B, 4 X10°cell/mDDP-413, MSHE:MiT
130, 1z g C/mDDCPE DO M 2 ~ 3 H THRE
L7

I SDBERIF. HAKICDP- 41L& 3DCPOD
SEERET IMEOFEERBT 5, &I,
A EAKBOMDHAKITIIGS-T7 1 L5 —ic
BREINEHN, GV-T7 4 L7 —Ci3RkESH
BOEEMEOFENEZ SN b, fc&Xid. Kk
BOMD ZOME . YC-50007 4 L5 —%E
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Fig.4.7. Changes in the density of inoculated DP-4 (®) or native DCP-degrader (e) in the
DCP-spiked water sample from the pond Mizudori-no-ike with (—) or without (----)

elimination of native microbial community by GV -filter.

BT B0 O FRIZS0LUTOESFTHD. B
14 O RBEIC O E BN S TS ROEEBE D
SEiRlEND (Fig. 4.9, KB, COMER.
DP- 4 ODCP##kE3fEE T 50, DP-4 D
Py AT 7 LPHEEIAELLEWEEZ SN S,

4.4 ¥ =
HEOKRICEBELEDATILEMEE DR
LiEMd 3L, TOMEOHENRLES, Th
. ZOMHEOHRBEOEEI G RBEILICE
%5 (A ¥, Wiggins etal, 1987; Fig. 2. 3 )
LALEN S, CONBRORE DN EDREDH
S N a0 5885 (B3, Spain &
Van Veld,1983) (3db 52, T OWMED 57 RE
OEENEOREOHEMRE SN S MBET 55t
FodbIan, &, AFROL I TFEL R
b BAIEFIZBEAERY S,

Fig 4. 1lZ;R L7 & D iz, DCP@ 1 BIO#RM

TN L ARETES RSO IRV F—%
BRECHEMLIEC &b LER EITbz > T10°
~10°cell/ iz i X - DI, HIESOMEFEN
HOIHDOIRANF-BERENEDLHT/HEW
(BF. 1988) Do THAH, VW lEH. 7
I-2EDERRUOERYE 4 ~ 5 AEICRM
T3 L3, HEERBEPLITRIL L T i
MBEICRIEEZEA. o, BEEOEEGRRES
HENS, BWML 2 AREETAPMED LT
DTHADo
AREOFNIKIIEEKTHEBNE L -7
. DCPAMREOEEREMIChI » THEHT
&1z, THMIRKEBDOEHREOHEMENIEEY)
BiciREACHEREINIIHET RS, BAOD
LD IsERE L TARMAHB INE KRBT S
NRBEOEE . ARROEREBRLE-T, ¢
ARINTEDT B BRI,
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Fig.4.8. Degradation of DCP by DP-4, inoculated to a final density of 4X10° cell/ml, in various
water samples whose native microbial community were eliminated by GS-filter (—) ,

GV -filter (----) , or sterilized by autoclaving (— - —+ —, ).
(A) Lake Motosu-ko (0}, Pond Mizudori-no-ike (©)
(B)-Swamp Tege-numa (@), MS medium (&)

T, BKD 1 BEHDRMDCPAERE L f2 &
X, AREIIEE L TEORRFRE 3. 310
cell/m& 18 -1z, Thidlug C/mDDCP%:E
LMSEMAER WTRIE LBETHBEH. MS
B inh D IZ, BKO A BREKE B O TRIE
LB, & 5Wid. MSE#C X Sz, #ikf
#HOTANF—FELT, 10ug C/ DY FKEE
Brd 22 MR EMERACTRELEE L2
TRICTH 7,

DT &G Bko | BIHDRMDCPANH B
Lic& &, MSEMITHIE L e BBEOEE R,
BKTEBICOBREENERBR L TOAaBREDE
ETho, o, OSBEIIDCPORMLET
H-T, £RAKHTSHE (Horvath, 1972) T,
-t EERET S, LALIEAS, FIAE,

EERBZITMAHOBKICT O WTEREO LR %
155 & BV BEHIC L > TMPNIZ AR ¢ R
ti -7z (Table.4.2), T b, BAKTIE1HE
HORMDCP T L 7 5% 14, DCP%M—
DRFEEE LTEI{LT ADCPOREMELETH - 72
DI LT, SUAHOAREIE. 7 =/ — L%
DEBMETLRILF—KE L TDCPES#ET 5
DCPO#ERBETEE L T I EITN S,
Wi 3. KT 2406 BT DCPORMLE
NELELTED, HEREBR DU EEL
s,

BKIZE T 2DCPORENLED S H BB~ D
Zkliz, BORBICL 300, B UEIMLEHIRNK
AELSBONTHTH B, IS, JOS%
HOMNIT BRI ELEDT, EDOHIEEETS
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Fig.4.9. Degradation of DCP by DP-4, inoculated to a final density of 4x10° cell/ml, in the water
sample from the pond Mizudori-no-ike whose native microbial community was eliminated

by GV-filter. Furthermore, the water sample was treated with (--®--) or without (--O--) the

ultra-filtration by YC-500, or passed through cation (—e—) or anion (—0—) exchange resin.
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Abstract

In a monoxenic batch culture of Pseudomonas sp. (bacterium) and Tetrahymena thermophila

(ciliate), the changes of population density of Pseudomonas sp. ingested by T. thermophila were

studied with special reference to the effect of organic substrate as an auxiliary energy for T.

thermophila. The population density of Pseudomonas sp., after the ingestion,culminated to an

order of 10% cells per ml irrespective of the initial densities of Pseudomonas sp. and T. thermo-

phila. This culminated density of Pseudomonas sp., except for the bacterium at low initial density,

exhibited a further two logarithmic decrease, i.e.,to an order of 10* cells per ml, when organic sub-

strate was added into the culture. The results may indicate that organic substrates as auxiliary

energy for the ciliate are important for controlling the survival and the elimination of both native

and introduced bacteria in natural environment.
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Fig.5.1.() Density changes of Pseudomonas
sp. at various initial densities in the
presence (—®—, —O—, —A—) or
absence (-- x --) of T. thermophila.
®) Density changes of 7. thermophila
in the presence (—®—, —0—, —A~) or
absence (-- O --) of Pseudomonas sp.
Symbols (e, ©, &) coincide with those in
@ .
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Fig.5.2.(8) Density changes of Pseudomonas

sp. with (®) or without (©) PPYEG
(96ug per ml) in the presence ( — ) or
absence (-----) of T. thermophila.
(® Density changes of 7. thermophila
with (®, @) or without (0, 0) PPYEG
(96ug per ml) in the presence ( — ) or
absence (-----) of Pseudomonas sp.
Symbols (®, O) coincide with those in
@ .
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Fig.5.3.(8) Density changes of Pseudomonas
sp. at various initial densities with
PPYEG (96ug per ml) in the presence of
T. thermophila.
® Density changes of T. thermophila.
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Fig.5.4. (4) Density changes of Pseudomonas

sp. with various initial concentrations
of PPYEG in the presence of 7. thermo-
phila. The numbers in the figure are the
concentrations (ug per ml) of PPYEG.
(B) Density changes of T. thermophila.
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Fig.5.5. () Density changes of Pseudomonas

sp. with (®) or without (O) PPYEG
(96ug per ml) in the presence ( — ) or
absence (-----) of T. thermophila. At
arrow a, PPYEG was again added into
the culture to a final concentration of
96ug per ml. In this culture, the density
change of Pseudomonas sp. was shown
by writing a at the symbol. At arrow b,
PPYEG was further added into the cul-
ture that had received PPYEG at arrow
a. In this culture, the density change
was shown by writing b.

B) Density changes of T, thermophila.
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