editor@jeb.co.in

©2011 Triveni Enterprises
Vikas Nagar, Lucknow, INDIA

Full paper available on: www.jeb.co.in

J. Environ. Biol.
32,277-282(2011)
ISSN: 0254-8704
CODEN: JEBIDP

Bioavailability evaluation of naphthalene in soil using persulfate

oxidation and ultrasonic extraction method

Author Details

Jui-Min Hung

Department of Environmental Engineering, National Chung Shing University, No. 250, Kuo Kuang
Road, Taichung, Taiwan - 40227, ROC

Hsiang-Chao Liu

Department of Environmental Engineering, National Chung Shing University, No. 250, Kuo Kuang
Road, Taichung, Taiwan - 40227, ROC

Ching-Shyung Hwu
(Corresponding author)

Department of Environmental Engineering, Hung Kuang University, No. 34, Chung Chie Rd., Sha
Lu, Taichung, Taiwan - 43302, ROC

e-mail: cshwu@sunrise.hk.edu.tw

Chih-Hsing

Department of Environmental Engineering, National Chung Shing University, No. 250, Kuo Kuang
Road, Taichung, Taiwan - 40227, ROC

Tsao Hung-Yu Lai

Department of Post-Modern Agriculture, MingDao University, No.369, Wenhua Rd., Peetow,
Changhua, Taiwan - 52345, ROC

Chih-Jen Lu

Department of Environmental Engineering, National Chung Shing University, No. 250, Kuo Kuang
Road, Taichung, Taiwan - 40227, ROC

Publication Data

Abstract

Bioavailability is defined as the fraction of a soil contaminant readily available for microbial degradation and for
naphthalene it could be estimated by conventional exhaustive extraction methods. In this study, a novel method
that employed persulfate oxidation in combination with ultrasonic extraction (POUSE) was developed. Three

Paperreceived: parameters, temperature, duration of persulfate oxidation, and the ratio of persulfate to soil organic matter (5,0,
22 May 2009 ISOM; g @), were investigated to obtain an optimum operating conditions. Under the condition, naphthalene
bioavailability estimated by the POUSE method was verified and compared with other three exhaustive
Revised received: methods /.e. sonicator, supercritical fluid extraction (SFE), and soxhlet extraction (SE). When the §,0,2/SOM
05 May 2010 ratio was controlled at 11.6 g g, the optimum operating conditions of the POUSE method were 70°C and 3 hr,
for the temperature and duration. Under these conditions, the residual naphthalene concentrations were correlated
Accepted: well with the residual naphthalene concentrations for both the cases of freshly spiked and aged soils. By contrast,
01June 2010 the sonicator, SFE, and the SE overestimated the naphthalene bioavailability since these three methods
extracted naphthalene much more than that of biodegradation test. These results demonstrated that the POUSE

could estimate more precisely the naphthalene bioavailability.
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Introduction Bioremediation was employed to reduce the concentration of PAHs
Polycyclic aromatic hydrocarbons (PAHs) are the by- in the contaminated soils. Before the processing of in-situ

products of incineration. PAHs posed the characteristics of the ~ bioremediation, lab- and pilot-scale experiments were usually
hydrophobic organic pollutants (HOPs) and were generally found conducted to test the biodegradation rate and to assess the feasibility
in the discharged gas of incinerators. PAHs in the wasted gas were of bioremediation. However, these experiments took weeks or months
then transported into the soll, rivers or lakes from the wastewater or for most of the organic pollutant and extended the period needed for
groundwater and then contamination occurred (Cuypers, 2001). remediation.
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Results of previous studies indicated that there was a
relationship between the bioavailable fraction and the biodegradable
fraction of pollutants present in soils (Stokes et al., 2005).
Development of a method to rapidly assess the bioavailability of a
pollutant is important to decrease the period required for the pilot
study. The bioavailability of pollutant was affected by two major
properties, the soil characteristics and the types of organic matters
(Stokes et al., 2005). Chung and Alexander (2002) used different
types of soil and contaminating period to study their effect on the
bioavailability of pesticide. They found that its bioavailability was
affected by the soil organic matter (SOM) and there was a
relationship between them. When the content of SOM was less
than 2%, the accuracy of bioavailability predicted by phenanthrene
was decreased.

Using Soxhlet extraction with dichloromethane as solvent, a
good linear regression of pyrene between maximum achievable
desorption rate and aqueous biodegradation rate was obtained
(Hawthome and Grabanski, 2000). However, Soxhlet extractionis a
tedious, exhaustive, time and solvent consuming method. Many
methods were therefore developed to predict the bioavailability of
PAHSs in soils such as solid phase (micro) extraction, solved extraction
medium, mild extract, supercritical fluid extraction, and mild oxidation of
organic matter (potassium persulfate oxidation). The advantages of
these methods were rapid, high efficiency, and low solvent consuming.

Solid-phase extraction (SPE) and solid-phase
microextraction (SPME) use polymeric sorbents to extract
contaminants. For SPE, Tenax TA beads, a porous polymer based
on 2,6-diphenyl-p-phenylene oxide, is the most popular sorbent.
Using a Tenax-SPE method, rapid (rate constants > 10" hr') and
slow desorption of PAHs was successfully differentiated in
contaminated sediment. The results demonstrated that a rapid (168
hr) Tenax-SPE provided a good assessment on the extent of
petroleum hydrocarbon degradation in an optimized bioreactor (an
84 days test) (Cuypers, 2001).

Supercritical fluid extraction (SFE) has been used for the
extraction of environmental samples, with the advantages of rapid
extraction, low solvent requirement and high efficiency. Recently a
sequestration of BTEX surprisingly tighter than PAHs by use of CO,
SFE was evidenced (Hawthorne and Grabanski, 2000). The most
popular fluid for SFE is CO2 because of its low critical properties
(Tc=320C, Pc=72bar), high purity, low toxicity and cost, chemical
inertness, and its ability to solvate a wide range of organic compounds
including those with higher molecular weights. Modifiers (co-solvents)
are often added to the CO, to extract the more polar organic solutes
quantitatively, and methanol is commonly used (Lin et al., 1999).
But, Weber et al. (1997) demonstrated that the SFE was not accurate
to predict the bioavailability because of the organic matter pellet
swelling in soil.

Solved extraction has been used to extract contaminants
from soils and sediments for a long time, such as Soxhlet extraction
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(SE). But, Soxhlet extraction was usually a completely extracting
method and might overestimate the bioavailability of contaminant.
Therefore, medium and mild solved extraction method have been
applied to assess and prediction the bioavailability. These used
solvent include dextrine, butanol, acetic acid, and methanol/water.
There was good linear regression between maximum achievable
desorption and aqueous biodegradation rate (Reid et al., 2000;
Liste and Alexander, 2002; Krauss et al., 2000). However, these
methods used not universal and could be applied to specific site and
compound. Mild oxidation of organic matter (persulfate oxidation)
was recently and successfully validated as a good method to assess
PAHSs’ bicavailability in soils and sediments (Cuypers et al., 2000;
2001).

In this study, we tried to develop an extraction precedence
to measure the biodegradable fraction of naphthalene in sail in stead
of the traditional total extraction analysis. The non-available fraction of
pollutant is stable and will not enter the food chain, using total
concentration of pollutant present in the contaminated soil as the
remediation target is therefore not suitable and may result in
overestimating its risk (Alexander, 1995,2000). To decrease the period
needed in assessing the feasibility of bioremediation is the objective of
this study. Therefore, we tried to develop a simple and quick extraction
process to assess the bioavailability of naphthalene in soils.

Materials and Methods

Soil characteristics: Soils were collected (0-15 cm) from farm
land of Changhua County, Taiwan. The soils were air dried, passed
through a 0.42 mm sieve and stored at 4°C until used. The soil
properties were analyzed by the soil survey and testing center of
National Chung Hsing University. The properties of the soil were
listed in Table 1.

Batch biodegradation study: Different contamination ages
(freshly spiked and aged soils) were used to assess the effect of
aging on the biodegradation rate of naphthalene in soil. The
biodegradable naphthalene concentration could be calculated by
using the initial and the residual soil naphthalene concentrations.

Mineralization assays were conducted to assess
naphthalene bioavailability. 5.0 g contaminated soil sample was
transferred from soil storage container to sealed amber glass jars.
The sample were rewetted to reach the moisture content of 50%
(dry weight) using bacterial culture (indigenous and seeded) or
sterile water (blank) after a 15 days incubation period at 30°C.

Analytical methodology

Persulfate oxidation in combination with ultrasonic
extraction (POUSE): During the operation of POUSE, the
temperature, persulfate oxidation contact time, and the ratio of S,0,*
ISOM (g g significantly affected the extracting efficiency. In this
study, we used different S,0,/SOM ratios (5.8, 11.6,and 28.9 g g"),
temperatures (50, 70 and 90°C), and oxidation contact times (1, 3, 8
and 24 hr) to determine the optimum operating conditions. naphthalene
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Table - 1: The properties of soil

properties data

pH 7.3
organic C (%) 1.08
sand/silt/clay (%) 71114115
CEC (cmol kg™ 6.30

EC (dS m") 0.87
C:N:P 565:63: 1
NH," (mg kg™ as N) 9.17
Bray | P (mg kg™ 19.1

CEC = Cation exchange capacity, EC = Electrical conductivity,
C:N:P: = Carbon : Nitrogen : Phosphorous

solution, 80 ml deionized water, and 25 ml K.S,0, were added to the
5 g soil in a 250 ml vessel (100 pg Nap g soil), mixed, and then
shook for 3 hrat 120 rpm in a 30°C water bath. The liquid part was
then filtered (Critical Membrane Filter, Nylon, 0.2 m, 100 Circles)
and determined the naphthalene concentration in filtered solution
with a high pressure liquid chromatography (HPLC). The residual
soils were extracted by 80% acetone (w: v = 1: 10) with an ultrasonic
extraction (USE) for 5 min, continuously shook at 150 rpm for 1 hr,
and then determined the Nap concentration in solution witha HPLC.
Similar to the operation of POUSE, the extracting efficiency of SFE
was affected by the temperature, pressure, and the duration of
extraction. The optimum operating conditions were determined in
pre-experiment.

Supercritical fluid extraction (SFE): Soil samples (ca. 4 g dry
wt.) were placedin a 3.5 ml extraction cell and spiked with 20 ng of
propaedeuticin 50 ml acetone as a surrogate. Extraction was camied
outin the static mode for 10 min and then the dynamic for 20 minat a
flow rate of 2 ml min" as fluid. The restrictor was heated at 170°Cand
the extract was collected in 10 ml of a mixture 10/90 (v/ v) methanol/
water by direct carbon dioxide decompression in the solvent. Over
the collection vial, it was fitted to a cryogenic trap containing dry ice in
acetone to avoid any analytic losses by volatilization during the
decompression of carbon dioxide in the solvent mixture. The tested
values of pressure and temperature were 900 psi and 60-200°C,
respectively, these operating conditions were according to the
common values found in the literature to extract Nap by SFE (Hess
et al., 1990). The supernatant of sample were filtered with 0.2 um
membrane (Lida Nylon) to separate soil and acetone, and then
transferred to vial for further gas chromatography (GC) analysis.

Table - 2: The comparison of different extracting methods
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Soxhlet extraction (SE): For SE, 5 g of dried soil material was
put into 200 ml Soxhlet thimble. The apparatus (IWAKI code 7740
glass) was fitted with 200 ml round bottom flask containing 100 ml
of 99.5% acetone. The extraction temperature was controlled at
70°C with a regulator. The flask was heated for 23 hr. The refluxed
time was 20 min and the solvent was refluxed until a given time
was up. Finally, the supernatant of sample were filtered, to
separate into soil and acetone and then transferred to vial for
further GC analysis.

Sonicator extraction: The Sonicator 3000 (Misonix) were used
to extract residual PAHs in soil of batch experiment after the various
experimented time. Initially, 25 ml acetone was added to the amber
glass jar. Containing 5 g soil and acetone were then completely
mixed. After mixing, a micro-tip was immersed to the soil/acetone
solution. The condition of sonicator was then set to pulse at 50% and
half power. The sample was extracted by sonicator for 10 min. The
supemnatant of sample were filtered to separate soil and acetone.
The solution was then transferred to a vial for GC analysis.

Afterthe pretreatment, samples were analyzed using a GC
equipped with a flame ionization detector (GC-FID) (HP 6820). The
column was DB-5 (30 m, 0.32 mm) and nitrogen gas was used as
the carrier gas. The oven temperature was set at 115°C initially for 7
min, then to 170°C at the rate of 30°C min" and hold 1 min. The
temperatures of injector and detector were set at 260 and 290°C,
respectively. The amount of sample injected was 5 plin biodegradation
study with the instrument detection limit (IDL) of 0.1 mg I'* for
phenanthrene. The internal standard was 1-methyl naphthalene.
For the SPME study, the sample was equilibrated for 3 hr. Then the
fiber was thermal desorped for 3 min into the injector of GC at 260°C.
The IDL was 0.1 ng I,

The naphthalene concentration was analyzed witha HPLC
system consisted of a HP 1100 Series isocratic, a HP 3396 series ||
Integrator, a HP 1100 series variable wavelength UV detectorand a
Waters PAH C18 (5 um) column. The wavelength of UV detector
was 254 nm. The column was maintained at 20°C with a flow rate of
1.0 ml min'. The mobile phase was the mixture of methyl cyanide
(CH,CN, TEDIA HPLC/Spectro, 99.98%) and pure water, at the
ratio of 1: 1. The injection volume was 20 pl and a 12 min post-run
period was allowed between each analysis to re-equilibrate the
column.

y Soil weight Solvent*** Time Extracting
Extracting method 9 (ml) efficiency (%)
Soxhlet extraction (SE) 5 200-350 (acetone) 24hr 69-85
Supercritical fluid extraction (SFE) 5 8 (CO2) 20 min* 64-83
Sonicator extraction 5 50 (acetone) 10 min 4262
Persulfate oxidation ultrasonic extraction (POUSE) 5 17 (persulfate) 3hr 30-60

*= The extracting period is 20 min; ** = The oxidative period is 3 hr and then extracted by sonicator for 5 min, *** = Solvent used in this study
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Fig. 1: The residual concentration of soil naphthalene after oxidizing with persulfate at different temperature, periods, and §,0,/SOM ratios. Dotted line and solid
line was the concentration of naphthalene before and after biodegradation, respectively
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Fig. 2: The biodegradation of naphthalene in freshly spiked and aged soils
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Fig. 3: The C/C, ratios of soil naphthalene in freshly spiked and aged soils
which were determined after biodegradation or extracted by different methods.
(Cisthe final concentration, C_is the initial concentration = 100 ug g™ soil)

Results and Discussion

The optimum operating conditions of POUSE: Fig. 1 shows
the results of soil naphthalene oxidized by persulfate at different
S,0,7/OM ratios, oxidization contact times, and temperatures. When
the oxidizing temperature was 70°C with oxidization times of 1 or 3 hr
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USE extractable
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(0.49%)

Fig. 4: The distribution of naphthalene in different phases during the extraction
of POUSE

anda S,0,7/SOM ratio of 5.8 g g, the residual soil naphthalene
concentration after persulfate oxidation was higher than that after
biodegradation. The bioavailable naphthalene concentration
assessed by persulfate oxidation was thus lower in relative to the
biodegradable naphthalene concentration. They have similar residual
naphthalene concentration when the S,0,/SOM ratio increased to
11.6 g g with a temperature of 70°C and oxidization contact times
of 1 or3 hr. Similarto the experimental result of Cuypers et al. (2001), the
bioavailable naphthalene concentration was higherin relative to the
actual biodegradable concentration in the treatment of §,0,>/SOM
at28.9gg". Result of previous study showed that the naphthalene
in soil removed increased with the increase of temperature. In the
treatment of 70°C and oxidization contact times of 1 or 3 hr, the
removed naphthalene by persulfate oxidized was equal to that
degraded by microorganism (67.5 ug g soil). From the above
results, the optimum operating conditions of POUSE were oxidizing
at70°C, 3hr,and 11.6 g g for the operating temperature, oxidization
contact times, and S,0,%/SOM ratio, respectively. Fig. 2 shows the
biodegradation result of freshly spiked and aged soils. The residual
concentration of soil naphthalene was about 34 and 59% in the fresh
and aged soil, respectively. The experimental result was similar to
that reported by Chung and Alexander (1998). Fig. 2 also indicated
that the addition of seeded microorganism enhance the biodegradation
of naphthalene in soil in both the freshly spiked and the aged soil.

When supply the sufficient oxygen, considerable degradation
of naphthalene was achieved, while concentration of most
naphthalene in the controls remained intact. The amount of organic
compound remaining in solution decreased exponentially over time
(Fig. 2). The ultimate remaining concentration of seeded fresh soil
and aged soil was 34 and 59%, respectively. Nevertheless, Fig. 2
also shows the obvious diversity of fresh soil and aged soil that
arrearage naphthalene biodegradation after 5" day. This result had
approval of observations that many biodegradable organic
contaminants in soil exhibit decreasing rates of biodegradation with
time and eventually cease to degrade further, with considerable
residual concentrations still remaining on the soil. The result was
also similar to Chung and Alexander (1998). The decomposition of
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naphthalene proceeded slowly and the degradation rate of seeded
fresh soil and age soils are 5.5%103, and 3.3x10-*hr", respectively.

Comparison of different analytical methodology: Table 2
shows the extracting efficiencies of different methods. Although SE
demonstrated the highest extracting efficiency and it was about 100%
in dry soils, but SE also showed significant variations. This
phenomenon was observed by previous other studies (Chesler,
1997; Bowadt et al., 1997). The bioavailability extracted by SFE

was higher than the real value because of the swelling effect on
between soil particles. In the study, SE could extract all the Nap in the
dry soil and the extracting efficiency of USE, SE, and SFE were
higher compared with the POUSE (Fig. 3). For both the freshly and
aged spiked soils, USE, SE, and SFE extractable Nap concentration
were higher than that degraded by microorganisms. There methods
may overestimate the bioavailability of soil naphthalene. The residual
naphthalene concentrations following the POUSE were in good
agreement with that following the biodegradation tests, in both the
freshly spiked and aged soils. This method was able to assess the
bioavailability of naphthalene in the artificially naphthalene polluted
sails.

The distribution of naphthalene: Fig. 4. shows the distribution of
soil naphthalene in the different fractions during the process of
persulfate oxidation. The soil naphthalene oxidized by persulfate
(69.5 g g sail) was equal to that biodegradable by microorganism
(67.5 g g soil). These results demonstrated that POUSE could
efficacious in predicting the bioavailability of naphthalene in artificially
contaminated soils.

Experimental results show that the naphthalene oxidized by
persulfate was equal to that could be biodegraded by microorganisms
in both the cases of freshly spiked and aged naphthalene contaminated
soils. Persulfate oxidation can be used to assess the bioavailable
fraction of soil naphthalene and the optimum operating conditions of
this method is oxidizing at 70°C for 3 hr with a §,0,2/SOM of 11.6 g
g". The operating conditions and soil characteristics may have
influence on the predicting actuality of POUSE and we needed further
studies to assess their effect.
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