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Cometabolic microbial degradation of trichloroethylene in the presence of toluene
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Abstract: Trichloroethylene { TCE), a common groundwater pollutant, was cometabolized by microcrganisms in the
presence of toluene as a growth substrate. The effect of concentrations of toluene and TCE and temperature on
biodegradation was discussed. Acclimated microorganisms degraded TCE after a lag period of 5 to 22 h depending on
toluene concentrations. Approximately 60% , 90% and 64% of TCE were degraded at toluene to TCE concentration
ratios of 23:1, 115:1 and 230: 1, respectively. At a TCE concentration of 1.46 pg/ml, 80% of TCE and 98.4% of
toluene were removed. But less degradation of TCE and toluene was observed when TCE concentration was above
48.8 pg/ml. The lag time of TCE decreased and the TCE biodegradation rates increased with the increase of

temperature .
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Introduction

Improper storage and waste management practices have
left a legacy of contaminaled soil and aquifers, threalening
drinking water supplies in many areas. Chlorinated ethenes,
parlicularly trichloroethylene( TCE), are among the frequently
detected soil and groundwater contaminanis{ Barbash, 1986).
Chlorinated ethenes in general do not serve as substrates for
Under

degradation of TCE { non-growth substrate) occeurs only in the

aerobic  growth . aerobic  conditions, microbial
presence of a growth substrate or another transformable
compound .

Laboratory investigations{ Folsom, 1990; Rasche, 1991;
Lu, 1998) have identified a number of aerobic microorganics
capable of transforming chlorinated ethenes aerobically.
Aerobic cometabolism requires the addition of oxygen as the
electron acceptor and an appropriale electron donor such as
methane, phenol, toluene, ammonia and propane and so on.
To date, few reporis are available on the effect of TCE
concentration and temperature on the cometabolic degradation
of TCE.

In this work, toluene was used as a growth substrate for
biodegradation of TCE. The effects of concentrations of TCE
and toluene as well as temperatures on the biodegradation
process were investigated so as to find favorable conditions for

the experiment of TCE cometaholic degradation in the aquifer.

1 Materials and methods

1.1 Microorganisms and chemicals
The microorganisms were initially obtained from Dagang
0il Field, Tianjin, China and acclimated for about two

months . Culture compositions and domesticated conditions are

listed in Table 1. Other conditions inelude: pH 6.8—7.0,
temperature 20 = 1°C, dissolved oxygen 2.7 £ 0.5 mg/L.

Table 1 Culture compositions and domesticated conditions

Culture composition, mg/L <15d 15—30d >30d
(NH,);50, 2000 2000 1000
Glucose 2000 500— 1000 0
Toluene 0 0—515 515
KH; PO, 500 500 300
K» HPO, 500 500 300
Mg30, 30 30 30
Fe,y (504 )3 30 30 30
MnS0, *H, O 40 . 40 40
ZnS0, +Hy 0 50 50 50

The mineral medium for cometabolism consisied of
{NH,),80, 2 ¢g/L, KH,PO, 1 ¢/L, K,HPO, 0.5 g/L, CaCl,-
H,0 0.03 g/L, Fe,(80,),0.03 g/L, ZnS0,-H,00.034 g/L,
MnSO, -H,0 0.039 g/1., and MgSO, *7H,0 0.046 g/L.

All chemicals used were of analytical grade and obtained
commercially .
1.2 Degradation experiments

Degradation experiments were conducted in 300 ml
reactors. Each flask has two gas sampling ports and one
liquid sampling port. Aerated nutrient-containing selutions
were added to the sealed flasks from the liquid port. Each
reactor contained 30 ml suspended microorganism solution.
TCE and toluene were injected into the sealed flasks with a
gastight syringe and the reactors were placed on a rotary
shaker{ 140 r/min) at 20, 25 and 30°C, respectively. In
each experiment, there are replicate flasks in order to insure
the experimental results.
1.3 Analytical methods

Biodegradation of TCE and toluene was measured by gas
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chromatographic analysis of headspace concentrations over
time. 0.2 ml of headspace was removed with a gastight
syringe and injected into an Autosystem XL gas
chromatograph ( Perkin Elmer) equipped with a capillary
column(30 mx 0.53 mm i.d. x 1 um) and a Turbochrom
4.1 workstation and detected by a flame ionization detector.
N, (1 ml/min) was used as the carrier gas. Other conditions
were : injection temperature 250 °C , oven temperature 150%C ,
detector temperature 300°C , H, flow rate 15 ml/min, air flow

rate 300 ml/min, split ratio 10:1.
2 Measurement of Henry constant

Henry constant was measured as follows: Sterilized
water(400 ml) was added to two 700 ml sterilized glass vials
sealed with latex tube and two clamps. 100 ¢l TCE and 100
pl toluene were injecled into the sealed vials by gastight
syringes . The two vials were placed on a rotary shaker at 100
r/min and room temperature {or 24 h. Then samples of
headspace solution were removed for gas chromatography
analysis. calculated from the

Henry  constant was

concentration ratio of headspace to solution( Table 2) .

Table 2 Henry constants{ ) of TCE and toluene

Headspace Solution
. . . H H
Chemical concentration, ¢onceniration , .
(Caleulated)  { Literature)
g/ ml pg/ml
TCE 37.78 91.31 0.41 0.40
Toluene 61.54 212.19 0.29 (.26

Henry constants of 0.41 and 0.29 were calculated for
TCE and toluene,

agreement with the literature data ( Yaws,

These wvalues are in

1991 ). The

equilibrium concentration of TCE and toluene in the solution

respectively .

were calculated based on the measured Henry conslants.
3 Results and discussion

3.1 Effect of toluene concentration

Fig.la shows that no TCE degradation occurred in the
absence of toluene. The lag period for TCE degradation was
the shortest when toluene to TCE concentration ratio was 115:
1. This is in disagreement with the results of Der and Scow
(Der, 1994) who reported that the lag period for degradation
TCE and increasing  toluene
concentration . Approximately 60% , 95% , and 64 % of TCE

was degraded at initial toluene concentrations of 33.7, 168.6

toluene increased with

and 337.2 pg/ml, respectively. The highest removal rate and
most significant degradation of TCE were observed when
toluene to TCE concentration ratio was 115:1.

Fig. 1b shows that compared with TCE degradation, the
lag period for toluene biodegradation decreased greatly as
loluene was used as the only source for microorganisms during
the late domestication. The no detectable biodegradalion of
TCE and toluene about 60 h later may be due to the short of
dissolved oxygen or nutrients.

The oscillation of TCE and toluene degradation may be
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Fig.1 Bindegradation of TCE (a) and toluene (b) at different initial teluene
concentrations
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ascribed to the competitive inhibition effects that TCE has on

toluene as evidenced by less oscillations at higher toluene

concentrations .

3.2 Effect of TCE concentration
The effect of initial TCE

bicdegradation of toluene and TCE was measured. Initial

coticentraiion on the

concentrations of TCE and toluene used in experiments are
listed in Table 3. TCE removal rates decreased and the lag
period increased from approximately 4 h to 24 h with
increasing initial TCE concentration( Fig.2a) . At lower TCE
concentrations of 0.49, 0.98 and 1.46 pg/ml, the lag
periods of TCE and toluene were almost the same. The data
of biodegradation of toluene are shown in Fig. 2b. With
increases in TCE concentration, the length of the lag period
increased greatly. The lag periods preceding toluene
degradation were increased from approximately 1.8 to 15 h
respectively. The larger the initial TCE concentration was,
the less the degradation extents of TCE and toluene were. For
example, at a TCE concentration of 1.46 pg/ml, 80% of
TCE and 98.4% of toluene were removed. In contrast, only
37% of TCE and 22% of toluene were degraded at a TCE
concentration of 488 prg/ml. Higher concentration of TCE may
be more toxic to microorganisms. Toxicity of TCE to pure and
1990;

mixed cultures has been reported ( Broholm,

Oldenhuis, 1991) .

Table 3 Initial concentrations of TCE and toluene

Reactor TCE, peg/ml Toluene, jg/ml
1 # ¢.49 280.0
24 0.98 289.0
3# 1.46 289.0
4% 48.8 289.0
54 488.0 289.0
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Fig.2  Biodegradation of TCE {a) and toluene (b) at different TCE
conceptrations

—[]—initial TCE concentration 0.49 pg/L; — + —initial TCE concentration
(.98 ug/Ls —A—initiel TCE concentration 1.46 pg/l; — @ —initial TCE
concentration 48:8 pg/Ls —O—initial TCE concentration 488.0 pg/1.
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Fig.3 Variation of TCE degradation with 1emperature

3.3 Effect of temperature

Fig.3 illustrates the influence of temperature on TCL
degradation at initial TCE and toluene concentrations of 0.98
pgfml and 168.6 pg/ml respectively. TCE biodegradation
rates increased with the increase of temperature. The maxium
specific substrate utilization rates (g, ) obtained by a least-
squares fit were 0.055, 0.068 and 0.336 g/(ml * h)
respeetively for temperature of 20, 25 and 30°C. The lag
period preceding TCE degradation was the same at 30 and
25%C and was longer at 20°C. In the cold regions, low

temperature became the main limiting factor and the thermally

enhanced biodegradation was required. For example, Filler
et al. (Filler, 2001 ) combined mechanical heating with
insulation system design to enhance biodegradation of

petroleum-contaminated soils in the Actic at Prudhoe Bay,
AK.

4 Conclusions

This paper studied the effect of temperature and
concentrations of toluene and TCE on cometabolic degradation
of TCE. The results showed that TCE degradation occurred
only in the presence of a growth substrate, such as toluene.
At initial toluene concentrations of 33.7, 168.6 and 337.2
ug/ml, about 60% , 95% and 64% of TCE was degraded,
respectively. TCE concentrations above 40 ppm slow down
the degradation of both TCE and toluene. In addition, the
approprate temperature will speed the biodegradation of TCE
and toluene. All above conclusions can offer useful

information for the removal of TCE in groundwater

successiully .
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