

Abstract—The aim of this work was to investigate the potential

of soil microorganisms and the burhead plant, as well as the
combination of soil microorganisms and plants to remediate
monoethylene glycol (MEG), diethylene glycol (DEG), and
triethylene glycol (TEG) in synthetic wastewater. The result showed
that a system containing both burhead plant and soil microorganisms
had the highest efficiency in EGs removal. Around 100% of MEG
and DEG and 85% of TEG were removed within 15 days of the
experiments. However, the burhead plant had higher removal
efficiency than soil microorganisms for MEG and DEG but the same
for TEG in the study systems. The removal rate of EGs in the study
system related to the molecular weight of the compounds and MEG,
the smallest glycol, was removed faster than DEG and TEG by both
the burhead plant and soil microorganisms in the study system.

Keywords—Ethylene glycol, burhead plant, soil microorganisms,
phytoremediation

I. INTRODUCTION

LYCOL is an organic chemical widely used both in
household and industrial applications [1]. Discharge of

the glycol to water sources and groundwater is a potential
hazard to the environment [2-4]. As it is very soluble in water,
glycol is easily distributed in the environment and hard to
remediate. Recovery systems have been applied in processes
with high purity and high amounts of glycol, but it is not
economical to use in processes with low concentrations of
glycol. Generally, physical and chemical precipitations are
used for the treatment of wastewater before discharging to the
environment. However, these two methods cannot remove
water-soluble compounds. Bioremediation is a choice usually
used in processes with low concentrations of organic
contaminants [5]. Bioremediation has been applied in
processes of organic contamination [6]. Previously, the
potential of the burhead plant was studied in glycol removal in
soil-less conditions [7]. In the application, the remediation
system contains plants, soils, and soil microorganisms, all of
which affect the remediation’s potential.

The objective of this research is to compare the potential of
the burhead plant and soil microorganisms, as well as the
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potential of the combination of plant and soil microorganisms,
in glycol removal, focusing on monoethylene glycol (MEG),
diethylene glycol (DEG), and triethylene glycol (TEG).

II. MATERIALS AND METHODS

A. Plant and Culture Conditions

Burhead plant (Echinodorus cordifolius L.) was grown in
the greenhouse of King Mongkut’s University of Technology
Thonburi, Bangkhuntein campus under 12 hr light/dark cycles
and an average temperature of 30.5±3.0 °C. Three-month-old
plants (7-8 leaves, 300-400 g in weight) were cleaned with tap
and distilled water to disperse soil particles, algae, and insect
larvae that were attached on the plant stem and roots. After
that, the burhead plant was pre-cultured in a half-strength
Hoagland nutrient solution for 15 days prior to starting the
experiment.

B. Experimental Design

The experiment was randomized with three treatments and
one control set for each EGs to study the removal efficiency.
The three treatments were soil+synthetic MEG wastewater,
burhead plant+synthetic MEG wastewater, and burhead
plant+soil+synthetic MEG wastewater. The control set was
synthetic MEG wastewater without plants and soil. In DEG
and TEG, the treatment was the same but synthetic DEG and
TEG wastewater were used instead of synthetic MEG
wastewater. The synthetic MEG, DEG, and TEG wastewater
used in the experiment had initial MEG, DEG, and TEG
concentrations of around 2,000 mg/l at a volume of 3,000 ml
per pot. The soil used in this study is a kind of soil that was
appropriate for aquatic plants from local markets. Five
hundreds gram of soil per pot were used under soil conditions.
The experiments were performed under caustic conditions at
the initial pH 7-8.

C.EGs Removal

The remaining MEG, DEG and TEG in the solutions were
measured every three days by gas chromatography (GC). The
system comprised of a Shimadzu model GC 17A with an Rtx-
200 capillary column (30 m x 0.32 mm, 0.32 m film
thickness), an FID detector, and an auto injector (Shimadzu
20i long auto injector). Helium was used as a carrier gas. The
GC conditions were as follows: the injection temperature was
250 C, the oven temperature was 220 C, and the detector
temperature was 280 C.
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To study the effects of soil in the MEG, DEG, and TEG
removal, 50 g of autoclaved soil were used and 200 ml of
synthetic MEG, DEG, and TEG wastewater were added at a
initial concentration 2,000 mg/l each. The experiment was
carried out under sterile conditions. In all treatments, all flasks
were covered with aluminium foil to prevent water evaporation
and other microorganisms from entering. The analysis of the
remaining EGs was as stated above.

D. Chemical Oxygen Demand (COD) Removal

The remaining COD in synthetic MEG, DEG, and TEG
wastewaters were measured every three days. The
measurement of COD was done according to the standard
method [8].

E. Organic Acids Study

Organic acids (acetic acid, propionic acid, butyric acid, and
steric acid) and ethanol were studied with the GC technique
using the DEG treatment as an example. The solutions on day
0, 3, 6, 9, 12 and 15 of the experiments were collected and
analyzed by the Shimadzu model GC 14B with Carbo-pack B-
DA column and FID detector. The carrier gas was nitrogen.
Injection and detector temperature were 230 ºC and the oven
temperature was 170 ºC.

III. RESULTS AND DISCUSSION

A. EGs Removal Efficiency

Burhead plant and soil microorganisms had the potential for
MEG, DEG, and TEG removal from synthetic wastewaters
(Fig.1). The removal rates under plant+soil conditions were
the highest for all EGs. After 15 days of the experiment, 100%
of MEG was removed under plant+soil conditions, while 90%
and 60% were removed using burhead plant- alone and soil-
alone conditions, respectively (Fig. 1A).

The removal of DEG was in the same trend to MEG (Fig.
1B). At the end of the experiment, approximately 100% of
DEG was removed under plant+soil conditions, while 86% and
41% were removed using burhead plant-alone and using soil-
alone conditions, respectively.

The removal efficiency of TEG is shown in Fig.1C. The rate
of TEG removal was faster under the plant+soil condition, as
approximately 85% of TEG was removed. The potential of
burhead plant-alone and soil microorganisms-alone was the
same as 24% of TEG was removed.

The system with both burhead plant and soil
microorganisms had the highest removal rate. The plant, soil,
and soil microorganisms supported each other, as the plants
could get nutrients from the soil and also stimulate root zone
microbial growth [9, 10]. Soil microorganisms transformed
nutrients in the soil to a viable form for the plant [11].
However, using burhead plant-alone showed a higher potential
than using soil-alone for MEG and DEG, but not for TEG. If
the system was run longer, the difference in TEG removal may
be observed.

Fig. 2 shows the effect of plant and soil conditions to EGs

removal. The removal rate of EGs related to the molecular
weight of the compounds. The lowest molecular weight glycol,
MEG, was removed the fastest by both the burhead plant and
soil microorganisms. The previous work reported the effect of
the molecular size to EGs removal by the plant [7]. However,
the uptake of EGs by microorganisms depends on the transport
system that rerated to type of microorganisms [12], as different
bacterium prefer different molecular weight glycols [12,13]. It
is suggested that the removal of glycol by microorganisms
depends more on the type of microorganisms in the
remediation system than on the molecular weight of the
compounds.

Fig. 1 EGs removal of synthetic MEG (A), DEG (B), and TEG (C)
wastewater under various conditions
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Fig. 2 EGs removal from synthetic MEG, DEG, and TEG wastewater
under plant (A) and soil (B) conditions

B. COD Removal

Biochemical and chemical oxygen demand (BOD and COD)
are parameters usually used to indicate water quality. COD is a
parameter used to measure organic compounds that can
oxidize by a chemical oxidizing agent. The COD removal
efficiency of soil, plant, and plant+soil conditions is shown in
Table I. Generally, COD removal was higher than EGs
removal except under DEG removal by burhead plant and
TEG removal by soil+plant conditions. In this study COD was
used for the indirect measurement of EGs concentration in
synthetic wastewaters. One aspect of using COD is the
interfererence in the measurement. In this case COD removal
was no different from synthetic TEG wastewater (Fig.3) but
was totally different if the measured concentration of TEG
used the GC technique (Fig.1C). The EGs in the solution may
change to other compounds like acetic acid and ethanol that
still give COD to the solution but they are not EGs. Moreover,
decomposition of plant tissues and compounds in the soil can
also interfere in the measurement. Then the direct
measurement of EGs concentration using the GC technique is
given a more reliable result.

Fig. 3 COD removal from synthetic TEG wastewater under various
conditions

C.EGs Adsorption by Sterile Soil

In a soil system, not only soil microorganisms can reduce
EGs concentration in synthetic wastewater. Soil particles also
had an effect on the removal efficiency of the remediation
system. Soil particles also have potential in organic chemicals
adsorption [14]. The ability of sterile soil particles used in this
study to remove MEG, DEG, and TEG were 1.62±0.43,
0.81±0.32, and 0.48±0.20 mg EG/g soil, respectively.

Efficiency of each parameter to MEG and DEG removal
was shown in Fig.4. Burhead plant is the main factor in MEG
and DEG removal in remediation systems. The efficiency of
each parameter for TEG removal could not be calculated on
day 15 of the experiment because the remediation system was
in an adaptation period and the potential of the plant and soil
were no different from the control set. However, after running
the experiment longer, burhead is still the main factor for TEG
removal (Fig.4).

Fig. 4 Efficiency of plant, soil microorganisms, and sterile soil
adsorption in MEG, DEG, and TEG removal
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D.Organic Acids

From the study, only acetic acid was found in the solutions.
Acetic acid was found in only-soil+DEG and plant+soil+DEG
conditions (Fig.5). Acetic acid occurred from the degradation
of DEG by microorganisms in the soil. Many studies show the
potential of microorganisms to degrade ethylene glycol [15,16]
and the one degradation product is acetic acid [15]. Under the
no-plant condition, all of DEG in the synthetic wastewater was
used by soil microorganisms but under the plant condition,
DEG in the synthetic wastewater was used by both soil
microorganisms and plants. More available DEG used by soil
microorganisms resulted in higher acetic acid production.
After 12 days of the experiment, acetic acid disappeared from
the solution. Acetic acid is a carbon source for microorganisms
and can be converted into cell mass, resulting in a low acetic
acid concentration in the solution [17,18].

Fig. 5 Acetic acid concentration in the solution under various
conditions

IV. CONCLUSION

The results from this study show the potential of the burhead
plant, soil microorganisms, and the combination of plant and
soil microorganisms for EGs removal. The potential of the
remediation system may enhance when the number of plants
and the amount of soil used is increased (in the experiment one
plant per pot and 500 g of soil was used). This knowledge can
be applied to create a wetland system for treatment of real
wastewater that is contaminated with EGs.
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TABLE I
COD REMOVAL EFFICIENCY OF SYNTHETIC MEG, DEG, AND TEG

WASTEWATER BY SOIL, PLANT, AND PLANT+SOIL CONDITIONS

MEG DEG TEG

soil 71.36±2.27% 59.87±5.19% 45.18±3.20%
plant 90.99±5.21% 64.64±12.56% 47.89±6.17%
plant+soil 100.00±0.00% 99.75±0.10% 50.84±0.91%
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