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such as coal, petroleum, and wood (Yunker et al., 2002). It is important to
identify the sources of PAH emissions, to develop methods for controlling
PAH pollution in the environment, and to decrease health risks to humans.
There are public health concerns about exposure to PAHSs, because many of
these compounds are carcinogenic and mutagenic. The U.S. Environmental
Protection Agency (EPA) has classified 16 PAHs as priority pollutants
(USEPA, 1993).

Materials and Methods

Figure 1. Sample collection sites of sediments

Analytical Procedures

Each sediment sample (3—10 g) of the sample was extracted using a
1:1 v/v mixture of dichloromethane and n-hexane, with ultrasonication. The
extract was evaporated to a small volume, then deuterated PAH surrogate
standards (acenaphthene-d10, phenanthrened10, chrysene-d12, and
perylene-d14) were added. The extract was then eluted using gel permeation
chromatography (Bio-Beads S-X3; Bio-Rad Laboratories, Hercules, CA)
using a 1:1 v/v mixture of dichloromethane and hexane as the mobile phase
at a flow rate of 5 mL/minute. After concentration of the eluent, the sample
was spiked into a silica gel chromatography column (Wakogel C 200;
FUJIFILM Wako Pure Chemical Corporation, Japan) using hexane as the
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mobile phase for cleaning. The eluate was evaporated to < 100 pL using a
rotary evaporator and then under a gentle steam of nitrogen; then, °C-
pentachlorobiphenyl was added to act as an internal standard. PAH
concentrations in the extracts were determined using a 7890A gas
chromatograph coupled to a 5975C mass spectrometer (Agilent
Technologies, Santa Clara, CA). Separation was achieved using a BPX
column (length 60 m, ID 0.25 mm, film thickness 0.25 pm; Trajan
Scientific and Medical, Ringwood, Australia). The gas chromatograph oven
temperature program started at 80 °C, which was held for 1 minute, then
increased at 20 °C/minute to 160 °C, then increased at 3 °C/minute to 280
°C, which was held for 15 minutes. The carrier gas was helium. The flow
rate was 1 mL/minute. Procedural blanks, spiked blanks, and matrix spiked
samples were analyzed. Total organic carbon (TOC) content of the samples
was determined using a previously described method (Nakataet et al. 2014).
Each sediment sample (approximately 5g dw.) was digested in hydrochloric
acid solution (1.0 M, 30-50 mL) to remove inorganic carbon. The sample
was centrifuged at 2500 rpm for 5 min, and the supernatant was removed.
The solid residue was dried at 80 °C and analyzed using a JM1000CN
Macro Corder instrument (J-Science Lab Co., Ltd., Kyoto, Japan).
Statistical analyses were performed using Excel Statistics version 5.0
software (Esumi, Tokyo, Japan) to investigate differences in the PAH
profiles of samples from different areas.

Results and Discussion

PAH concentrations in the sediment ranged in the creek from 0.44 to
136.82 (ng/g dw.), with a mean of 34.93 (ng/g dw.). PAHs with a high
molecular weight (HPAHSs, four to six rings) were more abundant in the
sediment. The mean and maximum PAH concentrations and TOC content
for sediment samples are shown in Table 1. High concentrations of PAHs
were found in sediment samples from the populous area of Chaung Thar
Beach. Sample 1 contained the most PAHs (136.82 ng/g dw.).These sites
are all near the beach and are heavily influenced by small markets and other
factors, implying that waste emissions may be a major source of PAHSs in
creek sediment. Low PAH concentrations were found in samples collected
at sites SD-2 and SD-3 (0.77, 0.44 ng/g dw). These sites were also located
near the beach. The difference in concentrations could be explained by the
lower TOC content (0.09%) in samples from more polluted sites, where the
TOC content was 2.67%. There was a significant relationship between TOC
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and PAH concentrations in sediment collected from streams as shown in
figure 2. The reason for this difference is that the high ringed PAHSs are less
biodegradable and have lower solubility than the low-ringed PAHs and tend
to be absorbed by particulates that sink to the sediment surface (Liu et al.
2016). Therefore, high-ringed PAHs are highly abundant in sediments
(Zong et al. 2014). As shown in Figure 3, the ratio of Ant to (Phe+Ant) at
most sites were greater than 0.1, indicating that the main PAH source was
pyrogenic products. For Fl to (FI+Py), SD-1, 3 and 4 were greater than 0.5,
suggesting that PAHs were mainly from pyrogenic contamination. These
ratios were greater than 0.5 at all three sites, indicating that PAHs were
primarily emitted by grass, wood, and coal combustion. The distribution
patterns of PAHSs varied widely, as evidenced by the wide range of total GC
(Gas Chromatography) resolvable PAH concentrations and compositions.
The percentage pattern of PAHs by ring size in the surface sediment was
shown in Figure 5. PAHs with 2—3 rings were most abundant in SD-4. Also,
4-5-6 and 7-ring PAHs were abundant at other sites. The concentration of
high-molecular-weight PAHs was higher than that of low-molecular-weight
PAHSs in sediment from the creek environment.

Sediment contamination by PAH in rivers, marine environments,
and other different locations can be classified into four categories: (a) low,
0-100 ng/g; (b) moderate, 100-1000 ng/g; (c) high, 1000-5000 ng/g; and (d)
very high, >5000 ng/g (Baumard et al. 1998).The sediment samples from
the creek of the Chaung Thar Beach can be considered low to moderately
polluted with PAHs. The most abundant PAHs in sediment samples were
benzol[e] pyrene, and perylene, indicating that motor vehicle emissions were
significant sources of PAHSs in these sediment samples. However, Pery was
an important component of PAHs in sediment from all sampling sites in
Chaung Thar Beach, contributing 2-36% of the total PAH concentration as
shown in Figure 4. Similar profiles were found in all samples from the
Creek. Pery has biogenic sources, as it is produced during diagenesis from
natural precursors (Hite et al. 1980). The low PAH concentrations and
predominance of Pery in the sediment from many sampling sites in creek
indicated that all sampling sites had low to moderate levels of PAHs
pollution. A total of four sediment samples were analyzed. The mean PAH
concentration was 74.3 ng/g dw (Table 2). This was lower than the mean
PAH concentration of 399.88 ng/g dw. Previously found in sediment from
the Bahia Blanca Estuary, Argentina (mean 1024 ng/g dw.), followed by the
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Mediterranean Sea, Egypt (mean 786 ng/g dw.) and the Western Sea Coast,
South Korea (mean 394 ng/g dw.). Moreover, these PAHs made similar
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Figure 2. Correlations of concentrations between TOC

contributions to the total PAH concentrations in sediment in China. It is
necessary to take actions to establish monitoring programs to determine the
PAHSs in the various matrices and take actions to improve the environmental
quality. According to Table 3, comparing the measured PAH concentrations
to the established ERL (Effects Range Low) and ERM (Effects Range
Mean) values predicts that the environmental impacts in the Chaung Thar
Beach sediments showed less than the guideline values.
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Figure 3. Potential sources of PAHSs in samples
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Figure 4. Compositions of parent PAH concentrations in surface
sediments (ng/g dw.)
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Table 1. Parents Polycyclic Aromatic Hydrocarbon Concentrations (ng/g
dw.) in Samples

SD-1 SD-2 SD-3 SD-4
TOC% 2.67 0.09 0.17 0.29
Naphthalene 0.00 0.00 0.00 0.00
1-Benzothiophene 0.00 0.00 0.00 0.00
Acenaphthylene 0.00 0.00 0.00 0.00
Acenaphthene 0.00 0.00 0.00 0.00
Fluorene 2.55 0.00 0.00 0.00
Dibenzothiophene 0.00 0.00 0.00 0.00
Phenanthrene 9.18 0.00 0.00 0.00
Anthracene 0.00 0.00 0.00 0.00
Fluoranthene 9.81 0.00 0.00 0.00
Pyrene 16.59 0.00 0.00 0.68
Benz[a]anthracene 5.73 0.06 0.05 0.15
Chrysene 8.37 0.07 0.11 0.17
Benzo[b]fluoranthene 11.55 0.11 0.00 0.16
Benzo[Kk]fluoranthene 0.00 0.00 0.00 0.00
Benzo[e]pyrene 16.75 0.16 0.12 0.19
Benzo[a]pyrene 6.26 0.00 0.00 0.09
Perylene 2.53 0.13 0.16 0.27
Indeno[1,2,3-cd]pyrene 13.73 0.11 0.00 0.00
Dibenz[a,h]anthracene 1.99 0.00 0.00 0.00
Picene 3.66 0.00 0.00 0.00
Benzo[ghi]perylene 16.24 0.13 0.00 0.00
Coronene 11.89 0.00 0.00 0.00
Total PAHs 136.82 0.77 0.44 1.70

16PAHSs 101.99 0.48 0.17 1.25
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Table 2. Comparisons of PAH Concentrations in Surface Sediments
(ng/g dw.)

Sampling  Numbers

Concentration

Concentration

Research area date of PAHs  range mean References
Chaung Thar 2018 10 0.14-399.6  74.3 This study
Beach, Myanmar
Northern Zhang et
Liaodong Bay, 2009 16 192.0-624.4 304.1 g

. al(2016)
China
Southern Hu et al
Liaodong Bay, 2007 16 1445-291.7  184.7

. (2011a)
China
Jinzhou Bay, 2009 16 133.4-593.9  262.2 Xu et al (2011)
China
Bohai Bay, China 2007 16 140.6-300.7  188.0 Hu et al (2010)

. . Huang et al

Bohai Bay, China 2010 16 12-415 140.0 (2011)
Laizhou Bay, Liuetal
China 2006 16 23.3-292.7 134.3 (2009)
Laizhou Bay, Hu et al
China 2007 16 97.2-204.8 148.4 (2011b)
Yellow River Hu et al
Estuary, China 2007 16 111.3-204.8  115.8 (2011¢)
Western sea coast, Choetal
South Korea 2004 16 69.8-1175.2  394.4 (2009)
Bahia Blanca 2004- Avrias et al
estuary, Argentina 2005 16 15-10,261 1024.0 (2011)
Mediterranean Barakat et al
Sea, Egypt 2011 16 3.51-14,100  786.0 (2011)
Hellenic coastal 2005- Botsou and
zone, eastern 2008 16 108-26,633 Hatzianestis et
Mediterranean Sea al ((2012)
Kedah Estuary .
and Klang 2013 16 357.1-6257.1 Keshavarzifard

Estuary, Malaysia

et al (2016)
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Table 3. Concentration and Risk Assessment Guideline Values of PAHs
(ng/g dw.) in Sediments from the Chaung Thar Beach
DAHS Range concentration  Sediments ERM Sites
SD SD <ERL ERL-ERM >ERM
Naph ND 0.00 160 2100 All sites _ _
BT ND 0.00 NA NA  _ _ _
Acl ND 0.00 44 640  Allsites _ _
Ace ND 0.00 16 500 Allsites _ _
Fl 0.00~2.55 2.55 19 540 Allsites _ _
DBT 0.00 0.00 NA  NA _ _ _
Phen 0.00~9.18 9.18 240 1500 All sites _ _
Ant 0.00 0.00 853 1100 All sites _ _
Fith 0.00~9.81 9.81 600 5100 All sites _ _
Py 0.00~16.59 8.63 665 2600 All sites _ _
BcPhen 0.05~5.73 0.00 NA  NA - _ _
BaA 0.07~8.37 1.50 261 1600 All sites _ _
Chry 0.00~11.55 2.18 384 2800 All sites _ _
BbF 0.00 3.94 320 1800 All sites _ _
BKF 0.12~16.75 0.00 280 1620 All sites _ _
BeP 0.00~6.26 4.30 NA  NA _ _ _
BaP 0.13~2.53 3.17 430 1600 _ _ _
Pery 0.00~13.73 0.77 N.A - N.A  Allsites _ _
IcdP 0.00~1.99 6.92 NA NA _ _
DahA 0.00~3.66 1.99 63.4 260 Allsites _ _
Pic 0.00~16.24 3.66 NA  NA _ _
BghiP 0.00~11.89 8.18 430 1600 Al sites _ _
Coro 0 11.89 N.A  NA

(ERL = Ecological risk analysis range low and ERM= Ecological risk analysis range
median) [Absent = (-)] ND-Not Detected



10 Universities Research Journal 2023, Vol. 14, No. 2

Conclusion

This study determined the PAH concentrations in the sediment of
the creek in Chaung Thar Beach. According to risk assessment guidelines;
the levels of PAH concentrations in the study area were low. Concentrations
of PAHSs in four collected sites in Chaung Thar Beach sediments indicate
that the entire area is not as highly polluted with PAHs as expected.
Concentration ratios between pairs of PAHs indicated that pyrogenic
sources were the main sources of contamination in most of the sites, while
grass, wood, and coal combustion contributed significantly to all sites. In
conclusion, the concentration range of PAHs found in surface sediments
(0.44-136.82 ng/g dw.) implies low contamination in the sediment. In this
study, surface sediments from all sampling sites had no ecotoxicological
risk or toxic effect. Further work is required to develop this preliminary
investigation, including many more measurements in locations representing
other activities. It is also realized that the typical environment in Myanmar,
with its high temperature and relative humidity coupled with abundant
sunshine, may differ in the chemistry of PAHs from that of other
geographical regions.
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