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Abstract
Biological removal capacities for volatile organic compounds (VOCs) were determined using a yeast strain, Candida tropicalis.

In this study, VOCs including toluene, benzene, p-xylene, and styrene as single substrates or mixtures were tested in the batch
culture of the yeast strain. In addition, a kinetic model was applied to evaluate substrate interactions between the VOCs. The
yeast strain was able to biodegrade each VOC effectively as a growth substrate, implying it could applied to wide range of
VOCs. When the yeast strain was subjected to VOCs in mixtures, the biodegradation rate of one substrate were either
increased (stimulated) or decreased (inhibited) by the presence of the others. Both benzene and toluene were inhibited by the
other VOCs, and substrate interaction parameters estimated in the model indicated that styrene was the strongest inhibitor for
the benzene and toluene biodegradation. Meanwhile, the biodegradation of p-xylene and styrene was stimulated by the
presence of either benzene or toluene. The biodegradation rate of p-xylene was significantly increased especially by the
presence of toluene, and the styrene biodegradation was enhanced greatly by the benzene addition. The results of the
substrate interaction by the yeast strain suggest that the biodegradation rates for the VOCs in mixtures should be carefully
evaluated. Furthermore, the competitive inhibition coefficient could be applied as a useful index to determine the substrate

interaction
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Table 1. Chemical properties of the VOCs used in this study, Henry's

Table 2. Single substrate biodegradation kinetic parameters for C.

law constants(H) at 30°C, liquid density and molecular weight tropicalis

L liquid density L Individual substrate  K’s(mg/hr) Km(mg/L) K s/Km

VOCs o
(atm/M) (o) (g/mol) Benzene 17.58 0.60 29.30
Benzene 5.6 0.879 78.1 Toluene 25.30 0.47 83,51
Toluene 6.7 0.867 921 p—Xylene 16.48 4.07 4.05
p—Xylene 6.3 0.861 106.1 Styrene 10.69 0.97 11.07

Styrene 2.6 0.901 1041

* a) source: Rolf (1999)

2.3. Model development
Toluene®l| Z-3-A|171 C. tropicalis®] @ U &3} VOCs
of thet HolE4S FHTH R s fal = Aol

1 3 (a)

Mass of benzene (mg)
= = =
T (= L]

G
kel
|

Time (hr)

11 (c)

Mass of p-xylene (mg)
= = =
iy (53] [

b=

=
%]
1

Time (hr)

A= Michaelis—Menten kinetics(Eq. Q)& 7|2 md=z
AAska o, VOCsY Aisl s thide s 714 23
£ (biodegradation rate)2} Michaelis A< Km(Half—
saturation constant) &> Runge—Kutta 4™ order
method®l &Jgt B] GG A 0= =&

(b)

Mass of toluene (mg)
[’ [ [’
I o fa's]

=
]
1

Time (hr)
(d)

Mass of styrene (mg)
o = =
I (=] fas]

=
(X

Time (hr)

Fig. 2. Degradation of individual substrates in combinations of benzene, toluene, p—xylene and styrene by C. tropicalis. (a) Benzene, (b)

Toluene, (c) p—Xylene, (d) Styrene
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of competitive inhibition in biodegradation of BT and XS by C. tropicalis.
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Fig. 4. The result of competitive inhibition and stimulation in biodegradation of paired substrate by C. tropicalis.
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Table 3. Degradation patterns for each combination by C. tropicalis

Interaction parameter

Substrate Experimental condition Toimg/D) Substrate interaction
Br 0.70 Competitive inhibition of B by T
Benzene Bs 0.02 Competitive inhibition of B by S
Bx 19.33 Competitive inhibition of B by p—X
Ts 1.45 Competitive inhibition of T by B
Toluene Tx 1.96 Competitive inhibition of T by p—X
Ts 0.34 Competitive inhibition of T by S
X8 -5.27 p—X was stimulated by B
p—Xylene Xt -10.97 p—X was stimulated by T
Xs 0.21 Competitive inhibition of p—X by S
Ss -18.26 S was stimulated by B
Styrine Sr -6.45 S was stimulated by T
Sx 12.34 Competitive inhibition of S by p—X
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Y :observed yield (M - M'l)

: maximum specific growth rate (h'l),

: microorganism concentration(M - L'3)

: half-saturation coefficient(M - L'S),

: concentration of substrate in gas phase(M - L'3)
: concentration of substrate in liquid phase(M - L'3)
: volume of liquid phase(L3)

: volume of gas phase (L3),

: inhibition coefficient

: mass

: Henry’s law constant

: gas constant (atm/mol K),

: temperature (K)

—

Do

. Oh, Y., Shareefdeen 7., Baltzis B.C., Bartha R.

. Smith M.A.,

. Alvarez, P.J. and Vogel, T.M. (1991) Substrate interactions

of benzene, toluene and para—xylene during microbial
degradation by pure cultures and mixed culture aquifer

slurries. Appl. Environ, Microbiol, Vol. 57, pp.2981-2985

. Deeb, R.A., Alvarez—Cohen, L. (1998) Temperature effects

and substrate interaction during the aerobic
biotransformation of BTEX mixtures by toluene—enriches
consortia and Rhodococcus rhodochrous, Biotechnol Bioeng,

62, pp.526-536

.Jiang Y., Wen J.P., Li H.M. (2005) The biodegradation of

phenol at high initial concentration by the yeast Candida
tropicalis, Biochem Eng., 24, pp243-247

(1994)
Interactions between benzene, toluene, and p—xylene
during their biodegradation. Biotechnol Bioeng., 44,
pp.533-538

. Rogers, J.B., DuTeau, N.M., Reardon. K.F. (2000) Use of

16S—-rRNA to investigate microbial population dynamics
during biodegradation of toluene and phenol by a binary

culture

. Yadav, J.S., Reddy, A.C. (1993) Degradation of benzene,

toluene, ethylbenzene and xylene(BTEX) by th lignin—
degrading basidiomycete Phanerochaete chrysosporimn,
Appl. Environ, Microbiol., 59, pp756—762.

(1990) The biodegradation of aromatic
hydrocarbons in bacteria. Biodegradation, 1, pp191-206

. Tsao C-W, Song H-G, Bartha R, (1998) Metabolism of

benzene, toluene, xylene hydrocarbons in soil, Appl
Environ, Microbiol., 64, pp 4924-4929

193 |



