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Microorganisms capable of degrading di-n-butyl phthalate (DBP) were immobilized by polyvinyl
alcohol (PVA) and used for DBP degradation. The characteristics of DBP degradation by im-
mobilized and free cells were investigated. The experimental results showed that the degradation
rate of immobilized cells was higher than that of free cells. The optimal pH and temperature for
DBP degradation were determined to be 7.0 and 25°C, respectively. The semi-continuous degra-
dation test demonstrated that high-frequency feeding of low concentration (50 mg/L) was more
favourable than low-frequency feeding of high concentration (150 mg/L) for DBP degradation. The
main intermediates of DBP degradation by immobilized cells were identified using a gas chromato-
graphy/mass spectrometry method. The results revealed the presence of monobutyl phthalate,
phthalic acid, and protocatechuate. A tentative pathway for DBP degradation was proposed, which
demonstrated that the metabolic mechanism of immobilized cells remained the same as that of the
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INTRODUCTION

Phthalic acid esters (PAEs) are a class of refractory
organic compounds widely used as plasticizers. They
are among the most common industrial chemicals and
have become widespread in the environment as they
have been found in sediments, waters, and soils
(Shelton et al. 1984; Fatoki and Ogunfowokan 1993;
Huang et al. 1994). Some of them are suspected to be
mutagens (Kozumbo et al. 1982) and carcinogens (Huff
and Kluwe 1984). Three of the PAEs, namely, dimethyl
phthalate (DMP), di-n-butyl phthalate (DBP), and di-n-
octyl phthalate (DOP) have been listed as priority
pollutants by the China National Environmental Moni-
toring Center (Wang et al. 1996) and the U.S. Environ-
mental Protection Agency (USEPA 1982).

DBP belongs to the family of PAEs, which is a
commonly used plasticizer and produced in large
quantities in China. It has received increasing attention
in recent years due to its widespread use and ubiquity
in the environment (Wang et al. 1995b).
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The metabolic breakdown of PAEs by microor-
ganisms is considered one of the major routes of envi-
ronmental degradation for these widespresad pollu-
tants. Numerous studies have demonstrated the biode-
gradation of several PAEs under aerobic conditions in
soil, natural waters, and wastewater (Ribbons et al.
1984). Sugatt et al. (1984) studied the biodegradation
of 14 commercial phthalate esters that are commonly
used as plasticizers by an acclimated shake flask CO,
evolution. Nozawa and Maruyama (1988) investigated
the anaerobic metabolism of phthalate and other aro-
matic compounds by the denitrifying bacterium
Pseudonomas sp. strain P136. Shelton et al. (1984)
studied the biodegradation of dimethyl, diethyl, di-n-
butyl, and butyl benzyl phthalate esters in anaerobic
digester sludge. Inman et al. (1984) conducted in-
cubation experiments to investigate the factors affect-
ing the decomposition of carboxyl-labelled (**C) phtha-
lic acid, monobutyl phthalate, and dibutyl phthalate in
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soil under laboratory conditions. Johnson and Lulves
(1975) studied the biodegradation of DBP and di-2-
ethylhexyl phthalate in freshwater hydrosoil. Saeger and
Tucker (1976) studied the primary and ultimate bio-
degradation of phthalic acid, monobutyl phthalate, and
five structurally diverse PAE plasticizers in river water
and activated sludge samples using ultraviolet spectro-
photometry, gas chromatography, and CO, evoltion.
Walker et al. (1984) studied the degradation of DBP in
estuarine and freshwater sites. Wang et al. (1996)
investigated the microbial degradation of three phtha-
lates, i.e., DMP, DBP, and DOP by acclimated activated
sludge. These studies focused on the biodegradability of
the different PAEs and the pathway of degradation.
Several types of microorganisms were found to degrade
PAEs, including aerobic (Wang et al. 1995b), anaerobic
(Shelton et al. 1984), and facultative (Zhang and
Reardon 1990) species.

However, Huang et al. (1994) found that DBP was
one of the main refractory organic compounds in muni-
cipal wastewater which usually remain in the effluent
of the conventional activated sludge plants. One re-
sponse to this problem is to utilize specific microbial
cultures that are highly active in degrading these re-
calcitrant wastes. The problem then is proper control of
culture conditions in an appropriate reactor over a pro-
longed period.

Immobilization of biocatalysts (enzymes and cells)
has received increasing interest in recent years (Wang
et al. 1995a). It offers a promising potential for the
improvement of the efficiency of bioprocess. Com-
pared with free cell, immobilized cell has several ad-
vantages as follows: 1) It can increase the biodegrada-
tion rate through a higher cell loading; 2) The bio-
process can be controlled more easily; 3) The con-
tinuous process can take place at a high dilution rate
without washout; and 4) The catalytic stability of
biocatalysts as well as the tolerance against toxic com-
pounds can be improved. Biodegradation using im-
mobilized cells has been widely investigated for nu-
merous toxic compounds such as pentachlorophenol
(O'Reilly and Crawford 1989), 4-chlorophenol (Balfanz
and Rehm 1991), pyridine (Lee and Rhee 1994), ben-
zene derivatives and chlorobenzoates (Sahasrabudhe et
al. 1988), and 2,4-dichlorophenoxy acetic acid (2,4-D)
(Shreve and Vogel 1993). However, biodegradation of
phthalate esters using immobilized cells has not been
reported.

The object of this study is to investigate the biode-
gradation of DBP by immobilized microorganism.
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Table 1. Composition of basic medium.

Component Concentration (g/L)
DBP 0.05-0.5
KH,PO, 1.0

KNO; 0.5

MgSO, - 7TH,0 0.1

CaCl, 0.1

FeCl, 0.01

NaCl 1.0

MATERIALS AND METHODS

Microorganisms

Several strains of DBP-degrading microorganisms
were isolated from coke-plant wastewater treatment
plant sludge by enrichment and acclimation shaking
culture at 25°C. It was acclimated to 500 mg/L DBP as
the sole carbon source. The microorganisms were puri-
fied by successive streak transfers on agar-plate me-
dium (Wang et al. 1995b). The strain was identified as
a Pseudomonas sp. on the basis of its characteristics
according to Bergey’s Manual (Buchanna and Gibbons
1984).

Medium

The basic medium used in this investigation is given
in Table 1.

Immobilization of microbial cells

Ten g of polyvinyl alcohol (PVA, nominal degree of
polymerization = 1750, approx. molecular weight
75000 ~ 80000) was dissolved in 50 mL of distilled
water, cooled to 40°C, then mixed thoroughly with
50 mL of cell suspension with concentration of about
4.0 x 107 cells/mL. The resulting mixture was dropped
into saturated boric acid solution for 1 h to form spheri-
cal beads. The formed gel beads were then soaked in
0.5 M sodium orthophosphate solution for 1 h. The
particles were washed with physiological saline (Chen
and Lin 1994).

Analytical method

The biomass and the liquid phase were separated by
centrifugation and the supernatant was extracted twice
with 5§ mL of dichloromethane each time. The two ali-
quots of dichloromethane were combined and used for
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Fig. 1. Characteristics of DBP degradation and microbial growth,
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Fig. 2. DBP degradation by free and immobilized cells. (3) free cells; (O) immobilized cells.

for DBP analysis. DBP concentrations of all samples in
this work were analyzed by gas chromatography (Hewlett-
Packard model 5890A with a flame ionization detector).
The column temperature was 280°C and the nitrogen gas
flow rate was 30 mL/min. The volume of the injected
samples was 2 pL, and the detection limit was 1 ng. The
mass spectra were recorded using a model 5972 mass
spectrometer.

Cell growth was monitored by determination of the
optical density at 660 nm and using an experimentally
derived correlation to obtain the concentration.

Degradation of DBP by free cells

Free cell inoculum (1.0 mL) was inoculated into a
250 mL Erlenmeyer flask containing 50 mL of sterile
medium and shaken at 25°C and 120 rev/min.

Degradation of DBP by immobilized cells

The experiments were carried out in 250 mL Erlen-
meyer flasks containing 5 g beads of immobilized cells
in 50 mL sterile medium, the other conditions remain-
ing the same as above.
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RESULTS AND DISCUSSION

Characteristics of DBP degradation and the growth of
microbial cells

The time course of DBP degradation and the growth
of microbial cells are shown in Fig. 1. It can be seen
from Fig. 1 that 100 mg/L DBP can completely be de-
graded within about 40 h. Fig. 1 also demonstrates that
the biomass concentration increased with DBP degra-
dation, indicating that the microorganisms isolated in
this study were capable of utilizing DBP as the sole
sources of carbon. In addition, it was found that micro-
organisms continued to grow for a certain time after

DBP was consumed, which showed that intermediates
accumulating during the primary degradation of DBP
could subsequently be used for microbial growth.

Comparison of DBP degradation by free and immobi-
lized cells

The microbial cells were entrapped by PVA. The
immobilized cells were used to degrade DBP. The
biodegradation of DBP by immobilized cells is shown
in Fig. 2. The DBP degradation by free cells is also
demonstrated in Fig. 2. As can be seen in Fig. 2, DBP
was more quickly degraded by immobilized cells than
by free cells.
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Fig. 6. DBP degradation by immobilized cells.

Effect of pH on DBP degradatiion

The pH value is a key factor in microbial metabolic
processes, because it influences the redox-potential and
the enzymatic activity. Experiments examining the pH
optimum for DBP degradatioin by immobilized cell
were performed. The initial pH of the medium was
adjusted by 6M NaOH and 6M HCI. The results are
shown in Fig. 3. It can be seen that the optimal pH for
DBP degradation was 7.0. At pH 7.0, the time of total
degradation could be decreased from 32 h to 24 h.

Effect of temperature on DBP degradation

DBP degradation by immobilized cells was carried
out at different temperatures. The experimental results
are demonstrated in Fig. 4. It is obvious that the opti-
mal temperature was 25°C.

Effect of initial DBP concentration on degradation rate

To determine the effect of immobilization on DBP-
degrading activity and tolerance of the cells against
DBP, the immobilized cells were prepared and used to
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Fig. 8. Effect of feeding dosage on total DBP degraded within 100 h.

degrade DBP at various initial concentrations. The
results of DBP degradation by immobilized cells with
different initial concentrations of DBP were compared
with that of free cells. The biodegradation of DBP by
free and immobilized cells is shown in Figs. 5 and 6,
respectively.

Figure 5 demonstrates that the lag-phase duration of
DBP degradation prolonged with an increase in the
initial DBP concentration, that is to say, the micro-
organism exhibited extended lag time at higher initial
DBP concentration. Although 400 mg/L. DBP can also
be degraded completely, the time needed for degrada-
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Fig. 10. Proposed pathway for the DBP degradation by immobilized cells.

tion was about 100 h. The lag time lasted about 40 h.
However, once the degradation started, its degradation
rate was not inhibited.

As can be seen in Figs. 5 and 6, the increasing
concentration of DBP was better tolerated and more
quickly degraded by immobilized cells than by free
cells. The reasons may be that: 1) Immobilized cells
can provide a high cell concentration, resulting in a
high degradation rate; and 2) Immobilization of cells
can improve the catalytic stability as well as toler-
ance against toxic compounds, which was also ob-
served in the application of immobilized cells to

degradation of phenol and chlorophenol (Weistmeier
and Rehm 1989.

Semi-continuous degradation of DBP

Semi-continuous tests for DBP degradation by im-
mobilized cells were performed with different concen-
trations of DBP. When each dose of DBP had been
substantially degraded, a further dose was fed. The
results are shown in Fig. 7. Figure 8 shows the total
amounts of DBP degraded within 100 h with different
feeding concentrations.
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As can be seen in Figs. 7 and 8, the high-frequency
feeding of low concentration (50 mg/L) was more fa-
vorable than low-frequency feeding of high concentra-
tion (150 mg/L) for DBP degradation.

Identification of metabolites

The metabolites of DBP degradation by immobilized
cells were extracted using dichloromethane at different
time intervals and identified by the GC/MS method.
Some of the intermediates were isolated and identified.
The mass spectrum of compound I is shown in Fig. 9.

The mass spectral analysis of compound I showed
the parent ion peak at m/z 278 (Fig. 9), which is in
good agreement with empirical formula C,¢H,,0,. The
fragmentation pattern showed ion peaks at m/z 223
base peak (M-OC,H,), and 149 (M-OH).

The other main compounds isolated during DBP de-
gradation were also identified. They are: monobutyl
phthalate, phthalic acid, and protocatechuic acid.
Therefore, the pathway of DBP degradation by immo-
bilized cells can be tentatively proposed (Fig. 10).

This is consistent with the conclusion reported by
former researchers using free cells. This indicated that
the immobilization of microbial cells did not change
their original metabolic pathway.
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