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ABSTRACT: Phthalate esters (PAEs) are environmentally active organic pollutants that can cause endocrine disruption in
humans. This study evaluated the human health risk associated with the dermal exposure to the levels of six common PAEs
in sediments collected from U-Tapao River. A gas chromatograph/mass spectrometer (GC-MS) analytic method was used
for the identification and quantification of PAEs. The human health risk was carried out using hazard quotient (HQ) and
hazard index (HI). Of the 6 PAEs congeners measured, only 3 including di-n-butyl phthalate (DnBP), di-2-ethylhexy
phthalate (DEHP) and di-isononyl phthalate (DiNP) were identified and quantified. Whereas, including benzyl butyl
phthalate (BBP), di-n-octyl Phthalate (DnOP) and diisodecyl phthalate (DIDP), were not detected. The total concentrations
of the 3 PAEs congeners found in the riverine sediment samples ranged from 70.0 to 1870 ng/g. The most abundant PAEs
congener was DEHP ranging from 70 to 890 ng/g, followed by DiNP ranging from non-detectable (ND) to 820 ng/g, then
DnBP ranging from ND to 160 ng/g. The calculated HQs and HIs were < 1, indicating that PAEs congeners posed
acceptable health risk via dermal contact on adults and children. The baseline data obtained in this study will be useful for
the strategic pollutant control and management in the riverine ecosystem.

Keywords: Phthalate esters, Sediments, Human health risk, Mixture risk, U-Tapao River

Introduction

Phthalate esters (PAES) are significant industrial chemicals widely used in a diversity of industrial and consumer
products. PAEs function mainly as plasticizers to improve the softness, processability, flexibility and durability
of polyvinyl chloride (PVCs) products, polyvinyl acetate and polyurethane resins (Wormuth et al., 2006;
Kawakami et al., 2011). PAEs are not chemically linked to the polymeric matrix and for this reason, they easily
find their way to aquatic ecosystems via discharge from industrial and municipal wastewater treatment plants,
surface runoff from agricultural and aquaculture activities, leaching from municipal solid waste sites and direct
and indirect dumping of PAEs-containing products and atmospheric deposition (Staples et al., 1997, Net et al.,
2015). On entering the aquatic environment, PAEs are distributed into various environmental media including
water, suspended particles, sediments and aquatic biota causing serious ecological risk on sensitive aquatic biota
and entire ecosystems (Okamoto et al., 2011; Net et al., 2015; Gao and Wen, 2016). PAEs are potential
endocrine disruptors, teratogenic and carcinogenic materials which may pose adverse effects on human health
for example, such as reproductive abnormalities. The United State Environmental Protection Agency (USEPA)
and the European Union (EU) classified some PAEs congeners as priority pollutants of the aquatic environment
because they easily get attached to suspended solid particles and sediments and the ability to accumulate in the
food web (USEPA, 2009; Sun et al., 2013; Ramzi et al., 2018).
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Due to their high octanol and water partition coefficients plus hydrophobic characteristics, PAEs tend to be
associated with suspended solid particles (SPM) that eventually settled to bottom sediments and consistently
accumulate in sediments (Staples et al., 1997 Net et al., 2015). As a result, sediments act as long-term pollutant
sinks and reservoir, and as a source of contaminant through re-suspension (Liu et al., 2014). In addition,
sediments play major intermediary role in PAEs uptake by aquatic biotas in the ecosystem (Gobas et al., 2003).
However, the ubiquity and the slow photolysis and hydrolysis rates of PAEs enhances their ability to bio-
accumulate in aquatic biotas and has generated serious concerns from researchers and the public, especially with
regard to the adverse effects of PAES on microbes, algae, crustaceans, shrimps and fish in fresh or salt water
aquatic ecosystems (Staples et al., 1997; Gobas et al., 2003; Mackintosh et al., 2006; Net al., 2015). Moreover,
human health can be affected by these hazardous pollutants through consumption of some species of bivalves,
shrimps and fish and exposure via dermal contact; necessitating the need to evaluate the potential health risk of
PAEs via sediment, since human humans will be inevitably exposed to PAEs via ingestion of contaminated
surface water and edible aquatic biotas (He et al., 2013; Liu et al., 2016). In addition, human may be exposed to
PAEs via dermal contact with contaminated sediments.

Riverine sediments are significant source and indicator for the assessment of anthropogenic pollution of
chemical pollutants in aquatic environment due to their long residence time of pollutants including PAEs
(Heyden and New, 2004). Currently, the contamination and ecotoxicological risk of PAEs has attracted serious
attention in recent decades. Several studies on the contamination and ecological risk of PAEs in riverine
sediments have been reported globally, which revealed that polluted sediments pose serious adverse effects on
the aquatic ecosystem (Sun et al., 2013; Wang et al., 2014; Ramzi et al., 2018; Arfaeinia et al., 2019). However,
studies on the contamination of PAEs in Thailand are scarce, except for a river and a sea (Sirivithayapakorn et
al., 2014; Malem et al., 2019). Moreover, there is limited studies of PAEs for riverine sediments in tropical
regions. Nevertheless, to date, there is no reported PAEs data in U-Tapao River, Southern Thailand.
Furthermore, globally, studies evaluating the human health risk of PAEs in riverine sediments are lacking.

In human health risk assessment, evaluating the potential risks for humans derived from exposure to polluted
environmental media is a significant procedure used for pollutants like PAEs in air, water, sediments and food (
Li et al., 2017a, 2017b; Lee et al., 2019). Evaluating the potential adverse effects for human depends on the
route of exposure to PAEs. The exposure pathways considered include dietary and non-dietary exposure.
Dietary exposure includes the routine ingestion of food items and water contaminated with pollutants (Fatoki et
al., 2010; Olujimi et al., 2017), whereas non-dietary exposure route includes dermal contact with contaminated
water, sediments, soil and personal care products; inhalation of residues in dust and particulate matters. The
Hazard quotient (HQ) and Hazard Index (HI) approaches of risk assessment has been found to be very
significant in performing initial exposure assessments including screening level risk assessment of organic
pollutants like PAEs on human health. The Hazard quotient method of risk assessment uses point values and
simple models to produce a point estimate of exposure by combing point values selected to be either health-
protective (i.e. high-end values) or to represent a “typical” exposure (i.e. central tendency values). They produce
an exposure estimate that is also a point estimate that falls somewhere within the full distribution of possible
exposures (U.S. EPA, 1991). Hazard Quotient approach of assessments are simple to carry out, often use readily
available data, and produce results that are straightforward to interpret (U.S.EPA, 1991).

U-Tapao River is a main source of freshwater draining into the outer Songkla Lake, the largest natural lagoon in
Thailand. In addition, the river which is a main water resources for industrial usage, balancing of ecosystem,
agriculture, aquaculture and above all for drinking water in Southern, Thailand. The water body is reported to be
frequently exposed to serious environmental pollution due to rapid economic development and urbanization in
the region surrounding the water body (Sirinawin and Somponchaiyakul, 2005; Gyawali et al., 2012,). The river
is receiving a large amount of industrial wastewater from rubber, plastic, Parawood, agrochemical and seafood
processing industries at the rate of 41,000 m® per day, and the effluent are reported to have high organic contents
(Sirinawin and Somponchaiyakul, 2005). In addition, elevated concentration of PAEs have been observed in
industrial wastewater effluents that are frequently discharge into U-Tapao River (Worawit et al., 2008). The
bottom sediment of U-Tapao River has been dredged by an indigenous Thai construction company. Moreover, a
previous study has reported elevated concentration of some congeners of PAEs in both water and sediments that
poses high ecological risk on aquatic biotas in the aquatic ecosystem (Kingsley and Witthayawirasak, 2020). In
addition, another study evaluated the health risk of PAEs via water (Kingsley and Witthayawirasak, 2020b).
Nevertheless, no study has evaluated human health risk of PAEs via dermal exposures pathways from the
sediments. To protect public health River, it is imperative to determine the level of PAEs in sediment, as well as
their subsequent potential risk on humans. Therefore, the objectives of this study are (a) to assess the level of
PAEs in sediments (b) to estimate the non-carcinogenic and carcinogenic risk of PAEs on adults and children
via dermal exposure pathway. The result from this study will not only facilitate better understanding of PAEs
pollution status, but also provide data for effective environmental management practice of contaminated rivers.
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Materials and methods

Study site: To assess the extent of PAEs contamination and potential risk in a riverine sediment, a cross-
sectional study was conducted in U-Tapao River, a major riverine ecosystem is located in a tropical region in
Songkla Province Southern Thailand. The freshwater source is 68 km long and approximately 3 m to 8 m deep.
This waterbody originates from Bantad Mountain and flows through Hat Yai city before emptying into the outer
part of Songkla Lake. The flow rate of the river ranges between <6 and 90 m® in dry and raining seasons
respectively. The tropical monsoon climate of the river is strongly influenced by two monsoons: the northeast
and southwest monsoon with average rainfall estimated to range from 1600 mm to 2400 mm annually.
Temperature within and around the riverine ecosystem varies between 24 °C and 32 °C all through the year.
Sampling sites and sample collection: In these 17 sampling sites for sediments were selected along the river,
from the upstream to downstream. The 17 sampling sites were classified into two different group viz: urban and
rural areas. Sampling sites in urban areas include ST1, ST2, ST 3, ST4, ST6, ST7, ST9, ST10, ST12 and ST13.
Sites located in the vicinity of rural area were ST5, ST8, ST11, ST14, ST15, ST16 and ST17 (Figure 1).
Sediment samples were collected from 17 sampling sites by using a grab sampler and transferred onto pre-
treated wide mouthed brown bottles. The bottles were immediately placed on ice and were then kept at -22 °C
deep freezer in the laboratory prior to analysis. All sediment samples were analyzed within 3 days.

Preparation of sampling equipment, glass wares and reagents: All sampling equipment comprises of glass or
stainless steel. Amber glass bottles were thoroughly washed with laboratory grade detergent, cleaned twice with
HPLC grade of acetone, hexane and dichloromethane, and then heated in a muffler oven at 400 °C for at least 10
h. After baking, the bottles were re-rinsed three times with acetone, hexane, and dichloromethane, then covered
with clean aluminum foil. Prior to their usage, aluminum foils were also rinsed in acetone and hexane and then
heated in a hot oven at 350 °C for 10 h. Stainless steel sampling utensils such as spoons, flat trays and buckets
were washed as well as wrapped with aluminum foil prior to sampling. The sediment grab sampler and glass
water samplers were washed with lab-grade detergent and then washed three times with HPLC grade of acetone,
n-hexane as well as dichloromethane, respectively. Mortars and pestles were cleaned using the same procedure
as that for glassware but were baked at 150 °C for 10 h.

Chemicals and materials: Solvents used for this work included HPLC grades of Hexane, methanol, acetone,
ultrapure water and dichloromethane, (Waters, U.S.A) Phthalate standards included di-n-butyl phthalate
(DnBP), benzyl butyl phthalate (BBP), di-2-ethylhexy phthalate (DEHP), di-n-octyl Phthalate (DnOP), di-
isononyl phthalate (DiNP), diisodecyl phthalate (DIDP) (AccuStandard, U.S.A). Internal standard solutions
including phenanthrene-d10 and chrysene-d12 and surrogate standard solutions which are 2-fluorobiphenyl and
4-terphenyl-d14 were obtained from SUPELCO Inc. (USA).

PAEs pretreatment in sediments: The freeze-dried sediment samples collected from U-Tapao river were
pretreated based on a method proposed by Cheng et al. (2013) with slight modification. Each five grams of
sediment sample was crushed and homogenized using a mortar and pestle as well as filtered via a stainless-steel
sieve (60-mesh) and placed in brown glass bottles at =20 °C pending extraction. Weighed riverine sediment
samples (5.0 g) were placed into clean glass centrifuge tubes, mixed with 10 mL acetone/hexane (1:1 v/v), and
0.2 ml of 10 mg/L mixture of surrogate standard solutions (2-fluorobiphenyl and 4-terphenyl-d14). A procedural
blank not containing the sediments was also prepared by using similar procedure; 1:1 (v/v) acetone/n-hexane
was used to prepare a check standard mixture. Spiked sample was made by mixing standard mixture to riverine
sediments sample. All samples were vortexed for 1 min and ultrasonicated for 20 min. The samples were further
centrifuged at 3000 revolution per minutes (rpm) for 10 minutes. After centrifugation, the organic layer
containing the extracted PAEs was siphoned out and placed in tubes by using a Pasteur pipette and the process
was repeated twice with 10 mL of a 1:1 (v/v) acetone/n-hexane. The extracts were pooled together.
Desulphurization was achieved by adding activated copper to the extract. The extract was further dried over
anhydrous sodium sulfate, concentrated to 0.8 mL using a gentle stream of nitrogen, added to 0.2 mL of 5 mg/L
internal standard (Acenaphthene-d10, Phenanthrene-d10, and Chrysene-d12) mixture solutions, and analyzed
using gas chromatography (GC) with mass selective detector (MSD).

Instrumental analysis by GC-MS: All samples were evaluated using a gas chromatograph/mass spectrometer
(GC-MS), Agilent model 6890N GC-5973 MSD (Agilent Technologies, U.S.A), functional electron influence
as well as a selective ion monitoring mode with a HP-5 MS (30 m x 0.25 mm x 0.25 mm). Chromatographic
separation was performed by using fused-silica capillary column. Pure helium gas (99.9999%) was used as the
carrier gas and was maintained at a constant flow rate of 1 ml/min. The temperature program column oven was
set to 30 °C for 1 min, raised to 280 °C at 15 °C maintained for 1 min, then increased up to 310 °C and held for
4 min. Each extract volume of 2.0 pl was injected into the GC-MS system in non-pulse and splitless mode with
an injector temperature of 290 °C. The levels of PAEs in the sediments were normalized to a dry weight (dw)
basis.
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Figure 1: Map showing sampling sites for sediments in U-Tapao river (Source: Geo-informatic Research
Center, Prince of Songkla University (2019) with modifications)

Quality control and quality assurance: To ensure that the results obtained in this work are reliable, various
techniques were employed including: development of calibration curve, usage of procedural blank,
establishment of lower limit of detection (LOD) and Limit of quantification, assessment of the precision; and the
calculation of recovery percentage. The instrument was calibrated daily by preparing calibration curve at five
different concentrations (0.01, 0.1, 0.5, 1, and 10 pug mL) except for DiNP and DIDP (0.1, 1, 5, 10 and 100 pg
/mL). All procedural blanks values were less than the detection limits. For the various PAEs congeners limit of
detection (LOD) and limit of quantification (LOQ) for individual PAES congeners were assessed on the bases of
a signal-to-noise ratio of 3 and 10 times, respectively, as described by Miller and Miller, (1998). In this work
LOD and LOQ ranged from 0.04 to 0.08 and 0.13 to 0.27 pg/kg, respectively. Recovery efficiencies for the
surrogate standards are between 86.8 % +8.6% (2-Fluorobiphenyl), and 92.7%) 8.9% (4-Terphenyl-d14); and
the average recovery efficiencies for the spiked samples are between 88.6 and 114.3%. All relative standard
deviation (RSD) for PAEs analyzed are less than 15%.

Human health risk assessment: Exposure Factors Interactive Resource for Scenarios Tool (EXPOFIRST, 2011),
a USEPA exposure scenario and human health risk assessment model was used to calculate the potential
exposure concentration. The exposure pathways considered include dermal adsorption of detected PAEs in
sediments by workers during dredging of bottom sediments of U-Tapao River and children playing in dredged
sediments. In a quantitative human health risk assessment, numerical estimates of human exposure to adverse
effects of chemical pollutants are expressed in terms of average daily dose. The average daily doses via dermal
contact (ADDgerm) Were calculated by using equation 4. HQ method is used to estimate non-carcinogenic and
carcinogenic risk to human and are usually evaluated via three exposure pathways including ingestion,
inhalation and dermal exposure (USEPA, 1991). However, in this work dermal contact was the only pathway
considered for PAEs including DnBP, DEHP and DiNP detected in the river sediment, for workers and children.
The exposure factors and values used to calculate the exposure level and risk are given in Table 1.
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Table 1: Exposure factors and values used to calculate the exposure level and risk

Factor Descriptions Units Value

CF Conversion factor Mg/kg 1x10

ED Exposure duration years 4925°

EF Exposure frequency Days/years 365

BW Body weight kg 607, 11°¢

AT Average time of exposure days 25,550 (70 years)
ABS Dermal absorption factor unitless 0.1

& adult; © children

The estimated daily absorbed dose of PAEs via dermal contact for adults involve in dredging of bottom
sediment and children playing in dredged sediments was evaluated by using equation 4.
_ CxAFxABSxSAxEVxEFxED
ADDgerm = BW x AT 4
where ADDgerm is the average daily intake dose by dermal contact with chemical in sediment
(mg/kg/day) and C is the mean environmental concentration of detected individual PAEs in sediment.
The HQ is the ratio of the ADD of the mean concentration of individual PAEs to its reference dose (RfD) for the

same exposure pathway and was estimated by applying equation 5.
HQ = ADD 5
RfD
Hazard Index (HI) of the of the three PAEs congeners detected in the sediments was calculated by using the

equation below.

HI =27  HQ 6
For DEHP that has the potential for causing cancer, risk was estimated by using the equation below.
Ri‘gkda:'mn! = JB X LADDdE?"?J“Iﬁ: 7

where the Riskgermar iS the potential cancer risk due to dermal contact to PAES contaminated riverine
sediment; LADDgermal iS lifetime average daily dose exposure via dermal contact; B is slope factor.
Analysis of sediment organic matter: 5 g of sediment sample was used to determine the organic matter levels in
each subsample of sediments collected from U-Tapao River. The samples were oven dried at 105 °C for 8 h to
obtain a constant weight. After drying, the samples were baked in furnace at 550 °C for 5 h, thereafter, the OM
level was obtained by measuring the weight loss (Jia et al., 2011).
Statistical analysis: Statistical analysis was performed with SPSS version 20.0 (IBM SPSS Inc., Chicago)

Result and Discussion

Occurrence of PAEs in sediments: The statistical summary of PAEs concentration of PAES measured in
sediment samples collected from U-Tapao River (UR) are shown in Table 2. Of the six targeted PAEs including
DnBP, BBP, DEHP, DnOP, DiNP and DIDP), only 3 congeners were detected such as DEHP, DiNP and DnBP.
The total PAEs concentrations in the samples ranged from 80 to 1870 ng/g dw, with mean value of 787.4 ng/g.
The average environmental concentration of individual PAEs were 385.88, 334.71 and 66.76 ng/g for DEHP,
DiNP and DnBP.

Table 2: Individual concentration of PAEs in sediments from U-Tapao River (ng/g)

PAEs Mean Std. Deviation Minimum Maximum FoD%
DnBP 66.76 49.40 ND 160.00 40
DEHP 385.88 252.81 80.00 890.00 100
DiNP 334.71 285.80 ND 820.00 60
BBP ND ND ND ND -
DnOP ND ND ND ND -

DIDP ND ND ND ND -
>PAEs 787.35 588.01 80 1870.00 100

FoD = Frequency of Detection
The distribution of PAEs in the UR are shown in Figure 2. High Y sPAESs concentration in sediment occurred at

sites 13, 1, 4, 10 and 2. Sites 8, 5, 6 and 7 also had relatively high concentration. Almost all these sampling sites
were located in urban area of the river ecosystem where there are industries such as rubber, plastic, Parawood
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and food industries as well as residential and commercial places. Large quantity of PAEs are released from semi
treated and untreated industrial and municipal wastewater, surface runoffs and atmospheric depositions
discharged into rivers and finally deposited in the sediments. Several studies have reported that to date,
wastewater from municipal and industrial activities are discharge into UR (Gyawali et al., 2012, Musikavong
and Wattanachira, 2013). Relatively low concentration of Y sPAEs were found at sites 11,15,16 and 17. These
sites are located adjacent to aquaculture ponds for shrimps and agricultural fields. The occurrence of PAEs in
agricultural areas have attributed to varying cultivation and harvesting activities including use of fertilizers,
pesticides, plastic mulching and other agrochemicals (Wang et al., 2014; Nui et al., 2016).

Frequency of detection for individual PAEs congeners in this study, followed the order of DEHP>DINP >
DnBP. Considering the individual PAEs congener, DEHP is the most popular PAEs and account for
approximately 50% of the total industrial PAEs output in many countries including Malaysia, India, China,
South Africa, Nigeria and Netherland (Tan, 1995; Vethaak et al., 2005; Srivastava et al., 2010; Fatoki et al.,
2010; Adeniyi et al., 2011). This work indicated that DEHP was the preponderant PAE in the riverine sediment
which is attributed to high production and consumption, strong sorption and low degradation rate (Staples et al.,
1997; Net et al., 2015). However, to reduce the human health risk as well as environmental risk, the usage of
DEHP was restricted by regulation and replaced by DiNP and DIDP. Thus, it is no wonder that DiNP was found
in high concentration in riverine sediments. However, our findings are consistent with few recent studies that
observed high concentration of DiINP (Clara et al., 2010; Chen et al., 2017a). It is therefore, recommended to
include DiNP when screening aquatic sediments for PAEs.
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Figure 2: Concentration and distribution of PAEs in different sampling sites

Human health risk assessment of PAEs in sediment: The results of health risk assessment of both non-
carcinogenic and carcinogenic risk of measured PAEs in sediment for workers and children via dermal contacts
are indicated in Table 3, 4 and 5; respectively.

Table 3: The average daily dose, reference dose and Hazard quotient of PAEs for adults

PAEs Mean values of ADDderm RfD HQ

PAEs (ug/g) (mg/kg/day) (mg/kg/day)
DnBP 0.079 2.84 x 10® 1.0x 101 2.84 x 10
DEHP 0.352 1.43 x 10 2.00 x 107? 7.15x 10
DiNP 0.359 1.46 x 10 1.15x 101 1.27 x 10
HI 8.70 x 10*
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Table 4: Average daily dose, reference dose and hazard quotient in children

PAEs Levels (ug/g) ADDderm RfD HQ
(mg/kg/day) (mg/kg/day)

DnBP 0.079 1.12 x 10 1.0x10% 1.12x 103

DEHP 0.352 4.99 x 10* 2.00 x 102 2.49x 102

DiNP 0.359 5.09 x 10* 1.15x10% 4.43x 103

HI 3.05x 10?

Table 5: Carcinogenic risk of DEHP in sediment via dermal contact on workers and children

Human age PAEs LADD Slope factor Cancer risk
Adult DEHP 1.19 x10°® 1.40 x 1072 1.67 x 108
Children DEHP 1.37 x 10° 1.40 x 1072 1.92 x 107

Since DEHP is the only PAEs congeners that have been classified as carcinogenic, we evaluated the
carcinogenic risk for DEHP for both adults during dredging bottom sediments in the river and children during
playing in dredged sediments. HQ was applied to estimate the non-carcinogenic health risk through dermal
adsorption of measured PAEs in sediments on adults and children. In addition, the adverse health effects on
children playing in sediment was also evaluated. When results of HQ < 1, this is suggesting that little or no
significant potential adverse effects are exerted on human health, whereas potential adverse effects on human
health may be assumed if HQ > 1 (U.S. EPA, 1991). According to the results, all HQ values for the detected
PAEs via dermal adsorption were less than 1 for both adults and children, which suggested no potential adverse
effects of measured PAEs on local residents’ health through dermal contact. Based on the RfD and ADD the HQ
presented in Table 4 and 5 indicated that the highest value of HQ via dermal contact observed for DEHP were
2.49 x 102 and 7.15 x 10 for non-carcinogenic in children and adults respectively. As indicated in Table 4, the
highest value of carcinogenic risk was 1.67x107% in adults, indicating that the current values of PAEs measured
in sediments cannot cause present a cancer risk in humans’ adults. Similarly, in children, the carcinogenic risk
value was 1.92x 107. These results indicate that the current level of PAEs pollution in the sediments may not
pose carcinogenic risk to both adult and children via dermal exposure. Because the PAEs detected in the
sediment have similar mode of action, exposure of complex pollutants may cause interactive and/or additive
effects on human health, thus the total non-carcinogenic health risk from complex pollutants can be evaluated by
HI (U.S. EPA, 1991). If HI < 1, it means that no significant potential adverse effects are exerted by complex
pollutants on human health, whereas the complex pollutants may cause potential adverse effects if HI > 1. The
result in this study showed that the calculated HI for the three PAEs congeners were less than 1; thus, the
exposure of complex PAEs had no potential adverse effects on both workers and children. Although this work
showed an acceptable human health and carcinogenic risk linked with dermal contacts of PAEs measured in
sediments, it is worthy of note that this work only focused on six selected PAEs congeners. Other hazardous
chemical pollutants not assessed in this work, might also be present in the sediment samples and would add to
the potential human health risk.

Conclusion

This baseline study was carried out to evaluate the occurrence and risk assessment of six targeted PAEs
congeners including DnBP, DEHP, BBP, DnOP, DiNP and DIDP in sediments samples of U-Tapao River. Of
the six PAEs congeners, only three were measured in the samples with average environmental concentrations of
66.76, 385.88 and 334.71 ng/g for DnBP, DEHP and DiNP. The Human health risk assessment indicated that
the concentration of PAEs in sediment posed acceptable risk via dermal exposure on adults and children. Results
from this study highlight the need for routine PAEs monitoring programs. This is beneficial in the development
and implementation of regulations and strategies to control and mitigate PAEs pollution in aquatic environment,
particularly in freshwater bodies.
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