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Abstract

This study aimed to assess the presence of estrogenic endocrine disrupting compounds (e-EDCs) including estriol, bisphenol A
(BPA), atrazine (ATZ), octylphenol, octylphenol diethoxylate, octylphenol triethoxylate, nonylphenol, Nonylphenol triethoxylate
(NPE3), nonylphenol diethoxylate (NPE2) and 17b- estradiol in: (i) Sai Gon and Dong Nai river waters which have been major
raw water sources for drinking water supply for Ho Chi Minh City (HCMC) and neighbouring provinces, and (ii) water pollution
sources located in their catchment basin. NPE3 and NPE2 were detected in most of the surface water samples. Concentrations of
NPE3 were in a range of less than 5.9e235 ng L-1, whereas BPA was detected at significantly high concentrations in the dry
season in canals in HCMC. In the upstream of Sai Gon and Dong Nai Rivers, ATZ concentrations were observed at water intake
of water treatment plants served for HCMC water supply system. Similarly, high potential risk of NPE2 and NPE3 contamination
at Phu Cuong Bridge near Hoa Phu water intake was identified. The significant correlation between NPE2, dissolved organic
carbon and total nitrogen was found. Estrogenic equivalent or estrogenic activity of Sai Gon and Dong Nai Rivers was lower than

those of the previous studies. Compared with other studies, e-EDCs of pollution in Sai Gon river basin were relatively low.
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1. Introduction

Endocrine Disrupting Compounds (EDCs) are compounds of
natural or synthetic origin. When EDCs enter the body, they cause
negative effects on endocrine systems of humans and wildlife [1].
Estrogenic EDCs (e-EDCs) are subclass of EDCs. e-EDCs are chem-
icals which mimic or induce estrogen-like response in an organism
[1]. Many e-EDCs could lead to an estrogenic response at very low
concentrations (ppb to ppt) [1]. These e-EDCs have been found in
wastewater, surface waters, sediments, groundwater, and even
drinking water [2].

Vietnam has 68 water supply companies for civil activities,
services and industries of urban areas with 70% of water supply
companies using surface water and 30% of them groundwater [3].

Sai Gon and Dong Nai rivers play an important role in the water
supply system for the cities in this basin. However, Sai Gon river is
polluted by organic matters in terms of Biochemical Oxygen De-
mand (BOD) and Chemical Oxygen Demand (COD) [4] that exceed
the limits of raw surface water quality standards for water supply
(column A2 QCVN 08:2008/BTNMT [5]).

In addition, e-EDCs were observed by Le [6] and the concen-
trations of e-EDCs of water samples taken in Saigon river and canals
in Ho Chi Minh City (HCMC) were 0.02e6.2 E2 (17b-estradiol) eq ng
Lt in the dry season and 0.33 to 1.17 E2 eq ng L™* in the wet season.
Caldwell et al. [7] determined a PNEC (Predicted No Effect Con-
centration) in surface water to be 0.35 ng EE2 (17a-ethynylestra-
diol) LY Parrott and Blunt [8] proposed that an estrogen
concentration of less than 1 ng L™ in surface water could cause
reproductive problems in some fish species. Thus, the Sai Gon river
and canals in the HCMC may pose potential risks to aquatic or-
ganisms [6]. To date, information on e-EDCs in upstream and
pollution point sources in Sai Gon and Dong Nai river basins is
insufficient to assess potential risks. Hence, this study aimed: (i) to






investigate the concentrations of e-EDCs in the surface water and
effluents from potential water pollution sources in Sai Gon and
Dong Nai river basins; and (ii) to determine correlation among e-
EDCs and physico-chemical parameters including dissolved organic
concentration (DOC), total nitrogen (TN), dissolved oxygen (DO),
Electrical Conductivity (EC), pH, ammonia, total phosphorus (TP)
and turbidity.

2. Materials and methods
2.1. Sampling

The surface water samples were collected from the upstream of
Sai Gon Riverwhich originates from Dau Tiengreservoirto Hoa Phu
water intake and Dong Nai River upstream which starts from Tri An
reservoir to Hoa An Water Intake. These samples were collected in
April 2013 (dry season) and September 2013 (wet season). Surface
water samples were taken in the middle of the river or its branches
or at the points far from the river bank with minimum distance of
5 m. The sampling locations are shown in Fig. 1.

EDCs of effluent from pollution point sources and non-point
sources from agricultural activities in Sai Gon river basin were
tested. The location of the pollution sources is presented in Fig. 2.
The point sources included an industrial park, a tannery factory, a
paper mill factory, two rubber latex processing factories and a
municipal landfill. The non-point sources were from agricultural

activities including effluent from a biogas digester of household-
scale pig farm, surface run-off water from rice paddy field, and
two irrigation canals at Thai My Commune e Cu Chi District.
Samples were contained in amber glass bottles and stored in the ice
box during transportation to the laboratory in HCMC University of
Technology and preserved at 4 °C before analysis.

2.2. Analytical methods

The physico-chemical parameters including pH, EC, DO,
turbidity and ammonium were analyzed according to Standard
Methods [9]. DOC was measured using Shimadzu Total Organic
Carbon Analyser (TOC-VvpH/cpn model). TN was determined using
the TOC-VvpH/cpn analyser with Total Nitrogen Unit TNM-1.

To analyze e-EDCs, suspended solids in the samples were
removed using paper filters with pore size of 0.7 mm (GF/F, What-
man). The volume for extraction depends on type of water sample.
250 mL of surface water and 100 mL of wastewater were used for
extraction. pH value of water sample was adjusted to 6.0e8.0 by
using 5% NaOH solution or 5% orthophosphoric acid solution [10].

The solid phase extraction procedure was similar to that
described by Gomez et al. [11]. Oasis hydrophilicelipophilic bal-
ance cartridges (60 mg 3 mL"L, from Waters, Guyancourt, France)
installed on a vacuum manifold were used in this study. Cartridges
were conditioned with 1 mL MeOH and 1 mL of ultra-pure water.
Samples were passed through at a flow rate of 3 mL mint. The
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cartridges were then rinsed with 2 mL of H>O/MeOH mixture
(95%/5%) and vacuum dried for 10 min to remove excess water.
The cartridges were eluted with 5 mL of MeOH. Samples were
dried under a gentle nitrogen stream. After that, ultra-pure water/
CH3CN mixture (90/10) acidified with 0.01% formic acid was added
to the dried samples to reach a volume of 0.5 mL. Samples were
conserved at 4 °C before analysis by liquid chromatography-
tandem mass spectrometer with LC 1260 Infinity p MS 6420 Tri-
ple Quad model (Agilent, Singapore). The recovery rates of this
procedure were over 80% for e-EDCs and limit of detection (LOD)
ranged from 0.9 to 13 ng L™

3. Results and discussion
3.1. Surface water quality

3.1.1. Physico-chemical parameters

Fig. 3a shows that pH of the Sai Gon River water decreased at
downstream in both seasons. pH value of Dau Tieng reservoir was
slightly different in wet and dry seasons, ranging from 6.5 to 6.8.
All pH values in wet season were lower than those in dry season.
pH values at downstream sites were below 6.0 in the wet season.
This can be explained by surface run-off which brought acidity
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Fig. 3. Variation of pH, DO, COD, DOC, EC, NPE2 and NPE3 along the Sai Gon River from Dau Tieng reservoir to the downstream. "QCVN A2: National technical regulation on surface

water quality column A2.

from acid sulphate soils in the downstream area of Sai Gon river
basin[12].

Fig. 3b shows the DO was high at Dau Tieng reservoir (above
6 mg L™). However, DO values rapidly decreased at downstream
sites (lessthan 4 mg L'l). This may be due to: (i) DO consumption of
heterotrophic bacteria and nitrifiers for degradation of biodegrad-
able organic matter and ammonia or nitrite from pollution sources,
and (ii) the reaction of iron and manganese in water runoff from
acid sulphate soils and sediment [12].

Fig. 3c shows that COD and DOC increased at downstream sites.
COD and DOC were quite high at the junction of the Sai Gon and Thi
Tinh rivers. The result was similar to those of the study of DST [12].
Thus, water pollution from Thi Tinh River adversely affect raw
water quality at Hoa Phu water intake.

EC is a parameter related to salinity or chloride content. The
result showed that EC increased at sampling site in Hoa Phu water
intake in April 2013 (Fig. 3d). Other study [13] showed chloride
level in Hoa Phu Water Intake was 250 mg L. This value is higher
than the allowable values of Vietnamese technical regulation on
drinking water quality [14]. However, chloride concentration in this
study was 62 mg L at Hoa Phu water intake. This value is below
the threshold of regulation on drinking water quality.

3.1.2. e-EDCs

Tables 1 and 2 show target e-EDCs levels in Sai Gon and Dong
Nai River in 2013. Sai Gon River upstream from Dau Tieng reservoir
to Hoa Phu water intake, bisphenol A (BPA) concentrations were
below limit of detection (BDL < 0.9 ng L'l). BPA is an e-EDCs and
has an acute toxicity to aquatic organisms in the range of
11e10 mg L™ for freshwater and marine species [15]. For urban
canalsin HCMC, BPA concentration was detected at relatively high
level (0.14 mg L) in Phu Lam Bridge in April 2013.

Octylphenol (OP) was not found in Dau Tieng reservoir in both
seasons. In dry season, the concentration of OP was in the range of
25e27 ng L™ from Ben Suc Bridge to Phu Cuong Bridge and OP
level (35 ng L‘l) in Phu Lam Bridge located in HCMC inner was
higher than in other sites. Thus, OP concentrations at Ben Suc
Bridge and Phu Lam Bridge sites in this study were higher than
another study [16].

Octylphenol ethoxylates (OPEs) are one of the most common
surfactants in the market place [17]. Octylphenol triethoxylate
(OPE3) and octylphenol diethoxylate (OPE2) concentrations in Sai
Gon River upstream in the dry season were in the ranges of BDL-32
and BDL-37 ng LY respectively. OPE3 and OPE2 were not detected
in Dong Nai River upstream. In Phu Cuong Bridge, OPE2 and OPE3



Table 1

Concentration of the target e-EDCs in Sai Gon and Dong Nai river basin in wet season (ng L'l).

Location Sample Concentration (ng L'l)a
Number g BPA Atrazine oP OPE3 OPE2 NP NPE3 NPE2 E2
SG.up 6 BDL BDL 6.4e6.8 BDL  15.1e157  BDL BDL 37.8e53.2  27.6e29.3  BDL
(3.3) (5.1) (46.2) (23.8)
SG.PS 1 BDL BDL 6.1 BDL  BDL BDL 148 52.1 30.4 BDL
sG.down 2 17.2e21.6  BDL 5.7e5.9 BDL  BDL BDL 16.8¢18.4  48.7e63.7  26.4e28.4  BDL-13(6.4)
(19.4) (5.8) (17.6) (56.2) (27.4)
CityCanal 3 BDL 24.8¢66.8  6.2¢485 BDL  BDL BDL BDL 43.9e54.9  28.9e43.2  17.0e27.0
(30.5) (21.8) (48.8) (34.7) (14.7)
DN.up 2 BDL BDL 8.2e9.8(9) BDL  BDL BDL BDL 443e480  27.7e29.1  BDL
(46.2) (28.4)
DN.PS 7 BDL BDL 5.9e7.7 BDL  15.3e157  BDL BDL 32.3e54.8  28.0e29.4  BDL
(4.5) (8.9) (46.4) (28.7)
LoD 13 0.9 15 2.0 16 2.7 1.9 5.9 3.4 35

SG.up: Sampling sites in the upstream of Sai Gon River Water Pump Station; SG.PS: Site at Sai Gon River Water Pump Station; SG.down: Sites in the downstream of Sai Gon
River Water Pump Station; CityCanal: Canals in the Center of Ho Chi Minh City; DN.up: Sites in the upstream of Dong Nai River Water Pump Station; DN.PS: Site at Dong Nai

River Water Pump Station.
& Concentration range and mean value in parentheses.

Table 2

Concentration of the target e-EDCs in Sai Gon and Dong Nai river basin dry season (ng L'l).

Location Sample Concentration (ng L~ ')*
number -
E3 BPA Alrazine op OPE3 OPE2 NP NPE3 NPE2 E2
SG.up 5 BDL-11 BDL BDL-27 BDL-28 BDL-34 BDL- BDL 111 25-42 BDL-34 (21)
(2.75) (11.5) (13.75) (11.5) 37.1 —160 (30.8)
(15.5) (140.5)
SG.PS 1 BDL BDL 28 36.6 BDL 243 BDL 149 26 BDL
SG.down 2 BDL-11 BDL BDL-20 (10) BDL-26 BDL-35 BDL- BDL 128 36-109 BDL-31
(5.5) (12.8) (17.5) 19.5 —235 (72.5) (15.5)
(10) (181)
CityCanal 3 BDL-16 BDL-144 BDL BDL-35 15.2 BDL- BDL 105 29-159 (84) 49-63 (54)
(9.7) (56.6) (11.7) —36 31.3 —-198
(23.3) (17.3) (147.3)
DN.up 2 BDL 3-6 (4.6) 16—30 (23) BDL-7 BDL BDL BDL 34-55 BDL BDL-22 (11)
(36) (44.5)
DN.PS 2 BDL-6(3) BDL-9 (4.5) 14-25 15.6 BDL-7 BDL BDL 68—109 BDL-13 (6.5) BDL
(17.5) -19 (3.4) (88.5)
(17.5)
LOD 1.3 09 1.5 2.0 1.6 27 1.9 59 3.4 3.5

# Concentration range and mean value in parentheses.

levels were 20 and 35 ng LY respectively. Ferguson et al. [16] re-
ported that OPE3 and OPE2 levels in Jamaica Bay, Long Island, New
York ranged from BDL to 10.3 (mean of 2.4 ng L'l) and from BDL to
15.6 ng Lt (mean of 5.4 ng L'l), respectively; significantly lower
than those of Phu Cuong Bridge. In addition, in urban canals in
HCMC, OPEs levels were in the range of 15e36 ng L% This indicates
that urban canals in HCMC are heavily polluted by domestic and/or
industrial wastewater that contains high OPEs.

Nonylphenol (NP) is highly toxic to aquatic life, causing repro-
ductive effects on aquatic organisms at concentrations ranging
from 0.13 mg L™* up to the mg L2 [18]. In wet season, NP was found
at Hoa Phu water intake site (14.8 ng L'l) and the downstream sites
(16.8e18.4 ng L'l). NP was not observed in water samples of Sai
Gon and Dong Nai Rivers in the dry season.

Nonylphenol ethoxylates (NPEs) were commonly used in in-
dustrial applications and consumer products [19]. NPEs are less
toxic than NP, but they are quite high toxic to aquatic organisms,
and decompose to more persistent NP in the environment. Except
upstream sites and water intakes of Dong Nai River, nonylphenol
diethoxylate (NPE2) and nonylphenol triethoxylate (NPE3) were
exposed in all other sites in the dry season. NPE2 and NPE3 were
found in almost of all canal samples in Sai Gon and Dong Nai Rivers'
upstream in the rainy season and dry season. NPE3 and NPE2
concentrations were in the range of 111e160 and 25e42 ng L™t in

Sai Gon River's upstream in dry season, respectively. NPE3 and
NPE2 levels especially were up to 235 and 109 ng L at Phu Cuong
Bridge in dry season, respectively. Difference in level of NPE2 and
NPE3 between upstream and downstream in Sai Gon and Dong Nai
Rivers is shown in Fig. 3e. The results indicate that the highest NPE2
and NPE3 concentrations are observed at Phu Cuong Bridge. Sai
Gon River at Phu Cuong Bridge site was the place which received
about 56,000 m® d! discharged domestic wastewater from Thu
Dau Mot Town in Binh Duong Province. However, only 32% of total
discharge was treated by a central wastewater treatment plant
(17,650 m3 d'l) [20]. Thus, huge quantity of untreated wastewater
led to deteriorated water quality at the Hoa Phu water intake.
Indeed, NPE3 (149 ng L) and NPE2 (26 ng L) levels at Hoa Phu
water intake site were quite high in dry season. Generally,
compared with other locations in Sai Gon and Dong Nai basins, the
potential risks of NPE2 and NPE3 at Phu Cuong Bridge should be
considered in terms of safe drinking water supply.

The concentration of NPE3 at Phu Cuong bridge was similar to
those of the samples (26e328 ng L‘l) in USA [16]. However, NPE3
concentration in this study was significantly lower than these re-
ported in Taiwan (2800e25,700 ng L) [21]. The concentration for
total NPEs in Ohio were in the ranges of 0.13e1.0 mg L™ for surface
water [22]. Generally, NPE3 and NPE2 in this study were similar to
those reported in Ohio and Great lakes (USA). Comparison of NPE2



and NPES3 levels in surface waters in Vietnam and other countries
are shown in Table 3. It is indicated that e-EDCs contamination in
Sai Gon River water is lower than those of other studies. Low trace
contamination may be due to: (i) high discharge of Sai Gon River
(minimum 22.5 m® st with average 54 m® s™!) [23] which may
dilute trace pollutants from effluent of pollution sources including
800,000 m® d! of domestic wastewater and 80,000 m® d! of in-
dustrial wastewater [4], and (ii) availability of wastewater treat-
ment plant for all industrial parks and industries in Sai Gon river
basin.

Total estrogen equivalent concentration (EEQ) of apsample is
determined by the formula: EEQi ¥ Ci X EEFi, and EEQt Y2 EEQI [1],
where EEF is estrogenic potency factor. The highest values of EEF of
BPA, OP, NP, NPE3, NPE2, OPE2, OPE3, E2 and E3 are listed in Table 4.

Fig. 4 shows that total EEQ of Sai Gon and Dong Nai Rivers up-
stream was low (17 pg L'l) in dry season. EEQ in canals in the inner
HCMC of in dry season was significantly higher than that in wet
season. EEQ at Hoa Phu Water Intake in Sai Gon River was higher
than that Hoa An and Binh An water intakes in Dong Nai River in
dry season. This indicates that raw water of Sai Gon River is at
higher risk than that of Dong Nai River. However, compared with
EEQ in other countries, EEQs of both rivers in this study were lower
(Table 5). This may be because: (i) high average temperature of
tropical monsoon climate in the South of Vietnam can promote
heterotrophic bacterial activity that may utilize slowly biodegrad-
able trace organics [24]; (ii) high discharge of Sai Gon River
(maximum 86 m® s™') and Dong Nai River (maximum 100 m®s™)
[23] may dilute trace pollutants; and (iii) E2 with the highest EEF
among natural estrogens was not detected in most of the samples.

3.2. Water pollution sources

The target e-EDC concentrations in wastewater samples are
listed in Table 6. The results show the concentrations of BPA, E3,
NPE3and E2 are inthe range of BDL-51, BDL-29,55.1e176 and BDL-
16 ng L in surface runoff from agricultural area, respectively.

Table 3
Concentration of NPE2 and NPES3 in surface water in this study and other studies.

Location Concentration (ng L'l) Reference
NPE2 NPE3

USA 38e398 26e328 [16]

Taiwan e 2800e25700 [21]

USA e 130e1000 [22]

Canada BDL-10000 e [28]

Switzerland 800e21000 e [29]

Vietnam (Sai Gon - Dong Nai river) 25e42% 111e160” This study
28e29° 38e51°

® Data for the dry season in Sai Gon river upstream.
b Data in the rainy season in Sai Gon river upstream.

Table 4
The highest values of estrogenic potency of BPA, OP, NP, NPE3, NPE2, OPE2, OPE3, E2
and E3.

No Chemical EEF Reference
1 BPA 2.5X 107 [30]
2 oP 1.3 X 107 [30]
3 NP 1.1 X 107 [30]
4 NPE3 1.1 X 10” 31]
5 NPE2 1.1 X107 31]
6 OPE3 4X10° [31]
7 OPE2 4X10° [31]
8 E2 0.11 [31]
9 E3 0.1 [32]
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Fig. 4. Total estrogen equivalent of target e-EDCs.
Table 5

EEQ values in other studies.

Location EEQ (ng L'l) Reference
River in Japan 0.7e4.01 [33]
River in France 0.3e4.52 [34]
River in Holland 0.068e0.47 [35]
Vietnam (Sai Gon and Dong Nai river) 0.017e0.16 This study

Therefore, NPE3 was found at high concentration in agricultural
area. This may be due to NPEs are components used in pesticide
products [25]. Meanwhile, other e-EDCs (Atrazine (ATZ), OP, OPE3,
OPE2,NPE2and NP)were lowerthanthe LOD.BPA,OPE3,NPE3, NP
and E2 levels in effluent of landfill leachate were 27, 19, 173, 27 and
268 ng L™, respectively.

Wastewater from a paper mill at My Phuoc, Binh Duong Prov-
ince was treated by using anaerobic process, aerobic process, floc-
culation and Fenton oxidation. The samples in effluent from a paper
mill contained ATZ (13e65 ng L), NPE3 (63e328 ng L) and E2
(36e138 ng L'l). NPE3, ATZ and E2 removal efficiencies of a
wastewater treatment plant for paper mill were 81, 77 and 41%,
respectively.

In effluent from atannery factory, NPE3, NPE2, NP, E3 and BPA
levels after biological treatment and coagulation-flocculation post-
treatment were 194, 53,12, 7 and 19 ng LY, respectively. Pothitou
and Voutsa [26] monitored the occurrence of EDCs in effluent from
tannery factories in Greece. The results show that BPA 1 mg LY
NPE2 52 mg L™ and NP 433 mg L are higher than those in this
study.

E2, E3, BPA, ATZ, NPE2 and NPE3 were detected in effluent from
Trang Bang industrial park using activated sludge followed by
advanced oxidation processes and stabilization pond. NPE2, ATZ,
BPA and NPE3 concentrations in this study were lower than those
in other studies shown in Table 7. This reveals that application of
biological and physico-chemical treatment processes in wastewater
treatment plants could significantly reduce e-EDCs. Hence, pollu-
tion point sources have not significantly attributed to e-EDC in Sai
Gon River, and presence of e-EDC mainly due to non-point sources
such as surface runoff from agricultural activity and sewage from
scattered residential areas without wastewater treatment plant.

3.3. Correlation among e-EDCs and physico-chemical parameters in
Sai Gon and Dong Nai Rivers

To date, the current water quality monitoring stations can
measure conventional physico-chemical and biological parameters



Table 6
Concentration of e-EDCs in effluent of pollution sources in 2013.

Location E3 BPA ATZ OPE3 OPE2 NP NPE3 NPE2 E2

SR BDL-29.0 BDL-51 BDL BDL BDL BDL 55e176 BDL BDL-16
ML BDL 27 BDL 19 BDL 27 173 BDL 268

PM BDL-92 8e30 13e65 BDL BDL BDL 63e328 BDL 36e138
™ 7.2 19 BDL BDL BDL 12.0 194 53.1 BDL

RL BDL BDL-6 BDL BDL BDL-32 BDL-24 62e118 BDL BDL-32
1P 10 2.4 7 BDL BDL BDL 72 8 18

LoD 1.3 0.9 1.5 1.6 2.7 1.9 5.9 3.4 35

SR: Surface run-off from agricultural area; ML: Municipal solid waste landfill; IP: Industrial Park wastewater treatment plants; PM: Paper mill; TN: Tannery factory; RL: Rubber

latex processing industry.

Table 7
Concentrations of e-EDCs in the effluent of industrial parks.

Location Concentration (ng L'l) Reference
NPE2 NPE3 BPA E3 ATZ E2

USA NA 8770e78800 NA NA NA NA [36]
Greece 87 NA 33 BDL NA NA [26]
Spain NA NA 70 [37] NA 124™ [38] NA [38]

[37]
China NA NA NA BDL-11 NA BDL-8.4 [39]
Vietnam 8 72 2.4 10 7 18 This study

*m: Mean value.
BDL.: below detection limit; NA: Not Available.

(DO, pH, COD, BOD, EC, turbidity, TN, TP, ammonia, etc.), while
monitoring trace organic pollutants such as e-EDCs have not been
available in Vietnam due to high analytic costs. Based on correlation
among e-EDCs and physico-chemical parameters, e-EDCs contam-
ination may be predicted from monitoring data for physico-
chemical parameters. This may assist the water authorities in pre-
liminarily finding areas/sites that may have high potential risk of
EDCs contamination.

Table 8 shows that NPE2 has highly positive correlation (r > 0.5
and P < 0.005) with DOC, TN, ammonia, phosphate and negative
correlation with DO. This indicates that surface water contaminated
with organic matters and nitrogen compounds can positively relate
to NPEs contamination. Conductivity has a significant correlation
with estradiol. In addition, EEQ has also positive correlation with
DOC and EC and negative correlation with DO.

The results show NPE2 was remarkable correlation with DOC
(r ¥20.661, P ¥4 0.001) that was consistent with report of Gong et al.

Table 8

[27] in the surface water samples of Zhujiang and Dongjiang Rivers,
Pearl River Delta of South China. The correlation NPE2 with DOC
may be related to association of EDCs with colloidal DOC or it was
discharged from the same source [27].

4. Conclusions

This study demonstrated that (i) NPE3 and NPE2 were found in
most of the samples, especially, they were high at the sites nearby
the water intake of water treatment plant in Sai Gon River
(235 ng L™ NPE3 and 109 ng L™ NPE2); (ii) total EEQ of 57 pg L™
was the highest level in urban canals in HCMC in the dry season;
(iii) EEQ and NPE2 have highly significant correlation (R2 > 0.7)
with physico-chemical parameters (DOC, TN, EC and DO); and (iv)
Compared with other studies, NPE2, NPE3, BPA and ATZ concen-
trations of effluents from the point sources and non-point sources
in this study were not high.

Correlation among concentrations e-EDCs and physico-chemical parameters in Sai Gon and Dong Nai Rivers in September 2013 and April 2013.

DOC DO pH Turbidity ~ EC ™ N-ammonia TP ATZ E2 NPE3 NPE2 EEQ
ATZ P 0.407  -0.282 0.454 0.155 0.073 0.366  -0.084 0.247 1 0.738 0.762° 0.323 0.411
s 0.168 0.351 0.119 0.631 0.812 0.219 0.785 0.415 0.094 0.002 0.282 0.164
N 13 13 13 12 13 13 13 13 13 6 13 13 13
E2 P 0.489 0.024  -0.360  -0.330 0.809°  -0.090 0.032 -0.012 0.738 1 0.395 0.335 0.918"
s 0.152 0.947 0.306 0.425 0.005 0.817 0.930 0.973 0.094 0.259 0.344 0.000
N 10 10 10 8 10 9 10 10 6 10 10 10 10
NPE3 P 0114  -0.279 0.414*  -0.227 0.280 0.104  -0.138 -0.126 0.762" 0.395 1 0.379 0.439%
s 0.606 0.198 0.049 0.336 0.195 0.664 0.531 0.566 0.002 0.259 0.082 0.036
N 23 23 23 20 23 20 23 23 13 10 23 22 23
NPE2 P 0.661°  -0.424% 0.131  -0.057 0.078 0.719" 0.652" 0.553" 0.323 0.335 0.379 1 0.541"
s 0.001 0.049 0.560 0.816 0.730 0.001 0.001 0.008 0.282 0.344 0.082 0.009
N 22 22 22 19 22 19 22 22 13 10 22 22 22
EEQ P 0.601°  -0.425% 0.284  -0.007 0.691° 0.452° 0.450° 0.365 0.411 0.918" 0.439° 0.541° 1
s 0.002 0.043 0.189 0.977 0.000 0.045 0.031 0.087 0.164 0.000 0.036 0.009
N 23 23 23 20 23 20 23 23 13 10 23 22 23

- P: Pearson Correlation; - S: Significant (2-tailed); - N: Sample number.
& Correlation is significant at the 0.05 level (2-tailed).
b Correlation is significant at the 0.01 level (2-tailed).
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