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Abstract — A bactenal strain which formed a distinct colony on agar plate containing naphthalene
as a vapor phase and grew well in a liquid minimal medium was isolated and identified as Alcalige-
nes sp. Al11l, Optimum temperature and pH for the cuitivation of Alcaligenes sp. A111 were 30T
and 7.0, respectively. Cell growth increased dramatically from 12 hours after inoculation and revea-
led a stationary phase at about 48 hours. Relative growth rate (u') increased hyperbolically depen-
ding on the concentration of naphthalene up to 500 ppm and reached to the maximum value
of 2.8/day, but ' didn't change within a range of 500~4000 ppm naphthalene. NH,Cl or NH,NO;
was preferred as a nitrogen source and a P N ratio by weight of 6 . 1 was favorable to cell
growth. Alcaligenes sp. A111 utilized the intermediates of degradation of naphthalene and showed
tolerance to benzene, toluene, and octane. Therefore, it is suggested that Alcaligenes sp. Alll
could be effectively used for the biological treatment of wastewater containing naphthalene in

the presence of some aromatic compounds.
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Fig. 1. Formation of the colonies by naphthalene-degra-
ding bacteria on mineral salts agar plate.
Naphthalene as a carbon and energy soutce was supp-
lied as a vapor phase on the inside face of the hd
of a Petri dish. The plate was incubated at 30C for
5 days.
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Table 1. Characteristics of the isolate, Alcaligenes sp.
Alll, degrading naphthalene

[tem Alcaligenes sp. Alll

Gram stain —
Shape Rod
Motihity Delayed
Growth in air +
Anaerobic growth -
Catalase -+
Oxidase +
Glucose (acid) —
Fermentation/Oxidation Delayed/Delayed
Carbohydrates
(acid production)
Glucose —
Lactose —
Maltose —
Sucrose —
Xylose —
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Fig. 2. Time course of cell growth and pH change by
Alcaligenes sp. A111 at 10°C (@), 20°C (7)), 30°C (w),
and 37°C (D).

The real and dotted lines are for cell growth and pH
change, respectively.
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Fig. 3. Effect of initial pH on the cell growth of Alcali-
genes sp. AllL
Culture time: @: 12 hrs, V: 24 hrs, w: 36 hrs, [7:
48 hrs

2] 7)ol Lxd3tgdtt, Naphthalene®| 37} Z8f %
o whe} dglake] z|He] H=AF| FFAgI} F A
pofol & Mz} Ao g wWalE|e] nof Drlel= 2
ZA-g ugiot

Alcaligenes sp. Al1112] wiekz7] pHell w& A AL
Fig. 3l A R+ wle} 2ol sl oFA| 2] 364 1H7}HA]
= 2kAkAd o] pH 6,600 4] 1A ko] FH el o]28] o},



4206

ol o 4841 7bell = F4d 2] pH 700014 2 & B.9ie.m,
pH 6.59} 7501 - % 7y7] o =) &] 89%, 91%5 Mo
vl gyl H2e pHelA A & gles T8
#erx] gl ek Naphthalene-& o] 83 4243 3
gled 2 S99 23}H P putida N3 A A
Z714l 30C ¢} pH 7.0¢] 4] naphthalene-& #<3% &
Ao o]falHA AAIRNE W FHE FA
ik 964] 7ol 660 nm&| FF =2 045 A =ell 13
t}. olo} wjws] E o Alcaligenes sp. Allle 54
Z e A vloF 484]7bell F371 1440 ©]2#] na-
phthalene #}3l5e] vl 43 52 Alsxich

Naphthalene =X 2| 2%t

500, 1000, 2000, 3000 ~L2]Z 4000 ppm®] naph-
thalene 8] F Xl 72 ek WE Alcaligenes
sp. Allle] A28 AR A= Fig 4¢9F 3t
T 1% A Aabeo] $HAd% 242 7k o] naphtha-
lene?] Fw7} H7bEell o2} fAlgfe] HAsled,
4000 ppm A 2] 7= 500 ppm A 2]72] 66% 23}
T el bR A71R1 724 7bell = BT XE
T7F o 8~10° CFU/mi®] fA1gh dA=S Rof wj
o¥A|7ke] Aol whe} 35 %2] naphthaleneol £}dh
AR s B e e AR guE gt TS

e HE35-S of el A2 naphthalene

2.0 ¢

1.6 . v
- v
£

A 7

c 1.9 v TV
°
E
X 08¢ .
)
o
O

0.4

O_O i | i |

O 1000 2000 3000 4000

Naphthalene (ppm)

Fig. 4. Colony forming unit (CFU) of Alcaligenes sp.
Alll in a minimal medium containing 500~4000 ppm
naphthalene.

Treatment: O: 1% inoculum and after 24 hrs, @: 1%
inoculum and after 72 hrs, V: 2% inoculum and after
24 hrs, ¥: 2% inoculum and after 72 hrs
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Fig. 5. Relative growth rate (u) of Alcaligenes sp. Alll
as a function of naphthaiene concentration.

u' is in log, day units.

Culture period: ¥: 6~12 hrs, (0: 12~24 hrs, T1: 24~
48 hrs
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Fig. 6. Effect of nitrogen source on the cell growth
of Alcaligenes sp. Alll.
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Fig. 7. Effect of P:N ratio on the cell growth of Alcali-
genes sp. Alll,

P:N ratio: O: 24:1, @: 12:1, V: 6:1, w: 4:1, [1: 3:1,
m: 241

Table 2. Utilization of aromatic compounds by Alcalige-
nes sp. Alll

Conc. Culture time t(hrs)
Compound

(ppm) 12 24 72
henzene 500 — — _
phenol 500 e — -
toluene 500 — — _
o-xylene 500 — — _
o-cresol 500 — — —
m-cresol 500 — — —
p-cresol H(00 — — _
p-toluic acid 500 - — _
benzoic acid 500 + o
catechol 500 +4+ +4+4+ ++++
gentisic acid 500 + ++ + +
salicylic acid 500 + +++ 4+
1-naphthol 500 + + + + + +
2-naphthol 500 — — _
naphthalene 500 + +++  +++

Note: +, 0.02<0D<0.1: ++, 0.1<0DL05; + + +,
0.5<0DL1.0: ++4++, 1.0<0OD
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Table 3. Cell growth of Alcaligenes sp. All1l in a mix-
ture of aromatic compounds

Conc. of each Culture time (hrs)

Compound compound

(ppm) 12 24 72
BPN 500 - — ~
PTN 500 — — —
BTN o500 ++ +4+4+ +4+++
BPTN 500 — — —
BPON 500 - — —
PTON 500 ~ — —
BTON 500 ++ +++ +4+4++
BPTON 500 - - —

Note: +, 0.02<0D<0.1; ++, 01<0D<0.5: + + +,
05<0DL1.0; +++ 4+, 1.0<0D

Abbreviation: B; benzene, P; phenol, T; toluene, O
octane, N; naphthalene
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