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Polycyclic Aromatic Hydrocarbons
In the Chao Phraya Estuary, Thailand

Gullaya Wattayakorn® 2

Solid-phase extraction (SPE) using a BAKERBOND C;3 membrane disk
(Empore™ extraction disk) coupled with high performance liquid
chromatography (RP-HPLC) was used for analysis of sub-ppb levels of
polycyclic aromatic hydrocarbons (PAHSs) in water from the Chao Phraya
estuary, Thailand. Recoveries of PAHs were found to be in the range of
60 — 88%. The method detection limits were in the range of 1-50 ng/L for a
fluorescence detector and 5-200 ng/L for a photodiode-array detector.
This method provides sufficient qualitative information for all compounds to be
identified and accurate quantitative results in the range of concentration
considered. Several PAHS, such as naphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene and anthracene, were identified in the water samples.
The concentrations found were in the range of <5 — 1,500 ng/L. Total identified
PAH concentrations were found to be higher during the wet season than the dry
season. Using published data on river discharge and the concentrations measured
in the water samples, tentative input rates into the Upper Gulf of Thailand for
PAHs are calculated.
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INTRODUCTION

Polycyclic aromatic hydrocarbons
(PAHs)  result  from  incomplete
combustion of organic material in
industrial  and  private  heaters,
automobile exhaust fumes and tobacco
smoke. They are widely distributed in
the global environment and samples
from areas throughout the world have
been found to contain detectable
concentrations of these compounds.*®
Estuaries receive input loads of PAHs
from industrial and municipal sewage
outfalls, river runoff, aerial fallout and
dredged spoil disposal. Certain PAH
compounds are known to be toxic,
mutagenic and/or carcinogenic  to
mammals.” The U.S. Environmental
Protection Agency (U.S. EPA) listed
sixteen specific PAHs as priority
pollutants in the monitoring and control
of environmental pollution.®

The Chao Phraya River estuary is
one of the major estuaries in Thailand.
The Chao Phraya River rises in the
southern slopes of the Himalaya
mountains not far from Chiang Mai in
northern Thailand, traverses several
large cities and the main part of the

agricultural land of the central
provinces, and empties into the Gulf of
Thailand. The river receives a

considerable amounts of waste from
point and non-point sources along its
paths since many of the industrial sites
and urban centers on the river banks
tend to dispose of raw effluent to the
nearest waterways as well as to the
river.

The purpose of this work is to
contribute to the characterization of
pollution loads, in particular polycyclic
aromatic  hydrocarbons, aiming at
further implementation of a monitoring
programme regarding the environmental

assessment of the Chao Phraya River.
The experimental procedure is
based on the U.S. EPA Method 550.1 of
Bashe and Baker,"® adapted for use with
surface water. The principle of the
method is adsorption of PAHs onto Cyg
membrane disks (Empore™ extraction
disk) followed by desorption of the
pollutants  with  acetonitrile  and
subsequent analysis by HPLC.

MATERIALS AND METHODS

Chemicals and Instrumentation

PAH standards were of analytical
grade and purchased from Aldrich,
ANSPEC, Chem Service and SIGMA.
All solvents used were of HPLC grade,
obtained from Baker and Merck.
Empore™ extraction disks (BAKERBOND
Cig) were purchased from Baker.

The HPLC measurements were
carried out on a Hewlett-Packard liquid
chromatograph model HP 1100 Modular
HPLC system, with RP-Ci;s column
(Vydac 201 TP, 5 um, 25 cm x 2.1 mm
ID stainless steel column) and with
fluorescence and  photodiode-array
detection.

Procedure

Sampling and sample preparation
Subsurface water samples (1m
depth) from the Chao Phraya estuary
were collected, as grab samples in acid-
washed amber glass bottles fitted with
teflon screw caps, at ten stations along
the length of the estuary (Figure 1), in

October 1999 and February 2000.
After collection, the samples were
filtered through glass fiber filters

(Whatman GF/C) to remove suspended
matter. This is important in order to
avoid plugging of the solid phase
material as well as to analyze for
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PAHSs in the particulate fraction. The
glass fiber filters and the filtered
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samples were stored in solvent-cleaned
glass bottles at 4 °C prior to the
extraction.
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Figure 1. Sampling stations along the Chao Phraya estuary.

Extraction and concentration

Solid phase partitioning for the
extraction of dissolved PAHs was
carried out by processing a 500 ml of
sample through a 25 mm Cys Empore™
extraction disk mounted in a side arm
vacuum flask in approximately 30
minutes. The disks were then dried and
desorption was performed by eluting
with 4x5 ml of acetonitrile. The eluates
were concentrated to 0.5 ml under a
gentle stream of nitrogen.

PAHSs in the particulate fraction
were isolated from the glass fiber filters
with 4x5 ml of acetonitrile by ultrasoni-
cation during 30 minutes. The eluates
were then centrifuged and concentrated

to 0.5 ml under a gentle stream of
nitrogen.

Chromatographic separation

HPLC analyses were performed
on a reverse-phase Vydac 201 TP,
5-micron particle size, in a 25 cm x 2.1 mm
ID stainless steel column.  The solvent
programme started with isocratic elution
for three minutes using acetonitrile/

water (6:4), followed by a linear
gradient to 90% acetonitrile in 7
minutes, and ended with 100%

acetonitrile during 10 minutes at a flow
rate of 0.42 ml/minute. Temperature
of the column compartment was kept
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at 20 °C. The injection volume was
1uL.

Detection and identification

The PAHs were detected with a
fluorescence detector by comparing the
retention times of the peaks in the
sample with those in a standard. In
addition, a photodiode-array detector
was also used for confirmation of
compound identification, by comparing
the UV spectra with those stored in a
library.

Quantification

Concentrations of PAHs in a

sample were determined by
external standardization (peak area
measurement).

The accuracy and precision of
the methods were tested by spiking
known amounts of the sixteen PAH
standards, ranging between 20 and 500
ug/L, to 500 ml organic free water
(HPLC grade) and synthetic seawater
(salinity 5, 10, 20, 30 and 35 ppt) and
by carrying out eight replicate analyses
for each type of water. Extraction
blanks were analyzed periodically to
ensure the absence of contamination
from glassware and filters.

RESULTS AND DISCUSSION

The retention time data of the
sixteen PAHSs are provided in Table 1.
The PAHSs can be effectively separated
using the above HPLC conditions. The
reproducibility of the peak retention
time and peak area data for each PAH
under the SPE-HPLC coupling
technique was determined by carrying
out eight replicates. The reproducibility
of the retention time data was below 1%
and that of the peak area was below 5%
for all the sixteen PAHs considered.
Method detection limits (MDL) were
determined for both the fluorescence
and photodiode-array detectors, and
found to be in the range of 1-50 ng/L for
the fluorescence detector and 50-200
ng/L for the photodiode-array detector.
In general, the fluorescence detector is
more sensitive to PAH molecules than
the photodiode-array detector.
However, using a diode array detector
has the advantage of acquiring UV-
spectra on-line and of monitoring
signals of up to 5 wavelengths
simultaneously.  Thus for different
classes of substances, the best selectivity
can be selected by choosing the
appropriate wavelength with maximum
absorption.  Substances that are not
separated chromatographically, can be
observed selectively if they have
different absorbance maxima.
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Table 1. Retention times and method detection limits of the sixteen PAHs.

Detector Retention Method
Analyte Time (min) Detection

Limit (ng/L) ®

Naphthalene FLD 3.1 10
Acenaphthylene DAD 35 100
Acenaphthene FLD 4.3 5
Fluorene FLD 4.6 8
Phenanthrene FLD 54 10
Anthracene FLD 6.5 10
Fluoranthene FLD 7.8 7
Pyrene FLD 8.6 3
Benzo(a)anthracene FLD 115 10
Chrysene FLD 12.1 20
Benzo(b)fluoranthene FLD 141 5
Benzo(Kk)fluoranthene FLD 15.2 1
Benzo(a)pyrene FLD 16.0 15
Dibenzo(a,h)anthracent FLD 18.1 20
Benzo(g,h,i)perylene FLD 18.6 15
Indeno(1,2,3-cd)pyrene FLD 19.9 50

% The MDL for acenaphthylene was determined using a photodiode-array detector.
All others were determined using a fluorescence detector.

20 J. Sci. Res. Chula. Univ., Vol.28, Special Issue | (NRC-EHWM), (2003)
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Table 2 gives the recoveries of
PAHs from organic free water and
synthetic seawater (salinity 20 ppt).
Generally, recoveries above 70% were
obtained for most of the PAHSs studied.
Recoveries of PAHs from synthetic
seawater at other salinity levels
(not shown) gave similar results to that
at salinity 20 ppt. Hence, the presence
of inorganic salts in the solution does
not seem to seriously affect the
recoveries of PAHs using SPE-HPLC
coupling technique. The major loss
appears to be related to the evaporation
of organic solvent by nitrogen gas.

Figure 2 shows the HPLC analysis
of the acetonitrile extract of one of the
surface water samples from the Chao
Phraya estuary. In liquid chromatographic
routine analysis usually the
identification is made by comparing the
retention times of the peaks in the
sample with those in a standard.
However, in environmental samples, the
risk is high that other organic
compounds are present and interfere
with the compounds of interest.
Therefore, each peak was checked by
comparing the UV spectra with those
stored in a library. Identified PAHs

were dominated by the low molecular
weight PAHs such as naphthalene,
acenaphthylene and acenaphthene.
The levels of three PAHSs present in the
water were between <5 - 1500 ng/L
(Table 3). Results were corrected for
the extraction efficiency based on the
mean recovery values. Only a trace
amount of fluorene, phenanthrene,
anthracene and fluoranthene were
present at the upper reach stations of the
estuary. The levels found did not
exceed the maximum allowed amount of
PAHs in surface water as set by
WHO®  and the Ministry of
Environment, Canada.“?

The presence of these PAHSs in the
Chao Phraya Estuary can readily be
attributed to anthropogenic inputs,
particularly from fossil fuel burning,
motor oils, asphalt particles and street
dust.®® ¥ These source materials and
the associated PAHSs can reach the river
via natural runoff from land during
rainstorms, sewage outfalls, and
transport by canals if they are not
introduced directly. Motor oil may be
directly deposited into the river by
boating and marine transport activities.
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Table 2. Recoveries of PAHs in 500-mL blank water samples.

Organic free water Synthetic seawater
Analyte (20 ppt)

%Recovery| %RSD | %Recovery| %RSD
Naphthalene 60.0 3.1 59.1 3.4
Acenaphthylene 71.2 3.5 72.4 10.8
Acenaphthene 70.4 3.1 724 8.9
Fluorene 85.6 3.4 78.8 3.2
Phenanthrene 88.7 4.1 87.3 3.1
Anthracene 64.2 53 61.4 0.6
Fluoranthene 85.3 3.6 85.1 1.7
Pyrene 77.5 6.5 94.4 3.0
Benzo(a)anthracene 83.0 2.0 99.5 2.3
Chrysene 87.5 2.3 98.9 3.6
Benzo(b)fluoranthene 85.2 6.4 103.8 1.7
Benzo(k)fluoranthene 83.6 3.0 103.5 0.2
Benzo(a)pyrene 88.3 2.8 80.2 1.0
Dibenzo(a,h)anthracene 84.5 4.0 83.8 1.0
Benzo(g,h,i)perylene 78.9 3.3 74.3 3.5
Indeno(1,2,3-cd)pyrene 75.3 7.4 65.2 5.2
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Figure 2. HPLC chromatograms of (A) standard PAHSs (B) a water sample collected
from the Chao Phraya estuary.
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Table 3. Mean concentration of identified PAHs detected in the Chao Phraya

estuary.
Concentration (ng/L)
Analyte October 1999 February 2000
Dissolved Particulate Dissolved Particulate
Naphthalene 688 75 178 83
P (150-1533)*  (17-267) (67-467) (<10-150)
Acenaphthylene 573 55 157 <100
phthy (<100-768)  (<100-159)  (<100-232)
Acenaphthene 185 410 171 43
P (<5-378) (<5-540) (<5-310) (<5-108)
Phenanthrene 67 <10 <10 <10
(<10-128)
64 17
Anthracene (<10-121) <10 (<10-30) <10

Note: ?() = Range

The area distribution of total
PAHs in the Chao Phraya estuary
samples is shown in Figure 3. Higher
concentrations were found in samples
from the upper reach of the estuary,
particularly during the wet season
period. This implies that besides
industrial discharges which cause an
increase in the PAHs content of the
river, heavy rainfall and water runoff
from farm lands and from the

industrial estates of the Central Plain
of Thailand can also strongly influence
the PAHSs content of the river. PAHSs
particularly those from motor oils,
asphalt particles and street dust can
reach the river via natural runoff from
land during rainstorms. The
comparatively lower level in the dry
season (February 2000) could be
explained by the almost complete
absence of rainfall during that month.
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Figure 3. Distribution of PAHSs in the Chao Phraya River estuary.

Using published data on river
discharge and the concentrations
measured in the water samples, tentative
input rates of selected PAHSs into the
Upper Gulf of Thailand are calculated
(Table 4). The water discharged by the
Chao Phraya River during October 1999

was almost 25 fold that occurring in
February 2000.  Presumably, during
that period a high input of PAHSs to the
Upper Gulf of Thailand took place.
Approximately 120 Kg to 10 tons of
PAHs were discharged from the Chao
Phraya monthly.

Table 4. Input of PAHSs identified in Chao Phraya River water into the Gulf of
Thailand.
Analyte Input (tons)
October 1999 February 2000

Naphthalene 3.73 0.05
Acenaphthylene 3.07 0.03
Acenaphthene 291 0.04
Phenanthrene 0.33

Anthracene 0.31 0.003
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CONCLUSIONS

The use of solid phase (bonded
phases, Empore™) in PAH extraction is
shown to be convenient with a
simplified analysis process and good
recovery results. The technique appears
to be suitable for the study of PAH

contamination in various aquatic
environments. Compared with
traditional liquid/liquid extraction

(LLE), SPE provides some significant
advantages, such as reduced sample
volumes and small volumes of elution
solvent.

The results of this study indicate
that at least during the times of the
study, PAHSs have been found to present
in all samples from the Chao Phraya
River estuary, at concentrations that
vary with sampling locations. Total
identified PAH concentrations were
found to be higher during the wet
season compared to the dry season. The
dominant PAHs found are naphthalene,
acenaphthene and acenaphthylene.
However, the concentration of
these three dominant PAHs in
the surface waters of the Chao Phraya
estuary never reached the maximum
admissible concentration established by
the WHO and by the Government of
Canada limits, allowing for an
improvement in the quality of the water
to be used for drinking.
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