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INTRODUCTION

As more than 100,000 kinds of synthetic chemicals 
are produced and distributed through continuous devel-
opment of the chemical industry, organic chlorine com-
pounds such as dioxin and DDT, heavy metals such as 
mercury, and chemicals such as synthetic estrogen cause 
environmental problems.  After these chemicals are 
discharged into the environment, they are introduced 
into the organism and act as Endocrine Disrupting 
Chemicals (EDCs or Endocrine disruptors) which inter-
fere with normal endocrine system because they have 
similar chemical structures of hormones.  EDCs are sus-
pected or estimated as substances that cause reproduc-
tive disorders, malformations and various cancers 
through interference with the normal functioning of the 
endocrine system in organism.  They are not easily 
degraded in the environment and remain over a long 
period of time.  They are also characterized by high bio 
concentration and accumulation.  In addition, since 
toxic effects of EDCs, risk to the environment and 
impacts on physiology of biological groups are not 
clearly known yet, it has been the subject of controversy 
(Colborn et al., 1993; Kavlock et al., 1996; KORDI, 
2004).

Alkylphenols (APs) which is known as one of EDCs 
is the degradation product of Alkylphenol ethoxylates 
(APEs) being used as nonionic surfactant.  It is the com-
pound which combines alkyl group on benzene ring of 
phenol and includes Nonylphenol (NP) and Octylphenol 
(OP).  APEs have been globally produced in about 
500,000 tons per a year over the past 50 years.  Among 
them, Nonylphenol ethoxylates (NPEs) account for 80% 
of the world market.  30% of the entire NPEs are used 
as the industrial and household detergents.  NPEs are 
also used for production of emulsion polymerization, fix-
ing agent in the chemical plant, agricultural pesticides 
and paints (Giger et al., 1984; Ranner, 1997).  NPEs 
finally produce NP through a sequential degradation of 
ethoxylate (EO) group in aerobic and anaerobic condi-
tions of a sewage treatment plant or water environment.  
As EO group gets shorter, it is known to give a big impact 
on aquatic organisms (Shang et al., 1999; Jonker et al., 
2001).  Because NP is chemically stabilized, it is detected 
at a significantly high concentration.  It is not easily 
degraded in water and it is adsorbed on suspended par-
ticles to be deposited on the low ground or introduced 
into the sea.  Through recent studies, it is reported that 
NP gives the effect of estrogen to fish and other aquatic 
organisms and it remains in the submarine sediment to 
be transferred to and accumulated in food chain.  
Therefore, NP is expected to give the additional dam-
age due to NP’s own toxicity which is potential toxicity 
of estrogen when exposed to trace amount and pro-
longed exposure (Soto et al., 1991; Jobling et al., 1996; 
Ferguson et al., 2000; Ferrara et al., 2001; Kang et al., 
2003).

Regulations for these substances have been begun 
in the United States and Europe since the late 1990s.  
The Ministry of Environment has conducted the survey 
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of contamination status and risk assessment about EDCs 
including NP in Korea since 1999 (MEV and NIER, 
2000).  However, the high levels of NP are detected in 
streams and estuaries of Korea due to continuous pro-
duction and use of APEs.  Even though most of APEs 
directly affect aqueous ecosystem such as river, lake or 
sea through sewage as surfactants and detergents, the 
accumulation of data about residual characteristics or 
concentration of APEs in stream and marine environ-
ment is lacking.

Estuary of Nakdong River provides organisms with 
food resources, habitats and migration pathways as the 
treasure of natural resource in harmony with various 
ecosystems.  In addition, it continues to provide people 
with food and resources such as rich fisheries and sea-
weed aquaculture farming.  However, due to various 
wastewater and waste caused by rapid development and 
emission from the middle and upstream regions, the 
environment of estuary is getting worse.  Thus, conser-
vation measures to maintain the healthy ecosystems 
are urgently needed.

Suyeong River is the urban stream where one third 
of population in Busan lives and is likely to act as a 
means of NP transport due to a massive influx of vari-
ous wastewater from residential and industrial areas in 
drainage of main stream.

Therefore, the purpose of this study is to identify 
the contamination status and distribution characteris-
tics of NP by measuring the residual concentration of NP 
in the surface waters of the estuary of Nakdong River 
and Suyeong River.

MATERIALS AND METHODS

Study area
Estuary of Nakdong River is the strategic point for 

economy and industry of Busan and the treasure of natu-
ral resources where various ecosystems exist.  Since it 
has very diverse species and high ecological conserva-

tion value, it is designated and protected by five regula-
tions.  Because the flow rate has been changed a lot and 
non–point pollutant source gives a strong impact, hydro 
geological characterization is much more complex com-
pared to other streams in Korea.  With influence of 
Kuroshio current, estuarine tidal variation and inflow 
of river, organic matter in origin of freshwater and nutri-
ent salts in origin of seawater meet so that it has abun-
dant fish resources.  In addition, farms for various 
marine plants, and fishes and shellfishes are distrib-
uted.  Famous seaweed farms have widely been located 
for a long time.  However, a variety of domestic sewage, 
industrial wastewater and trash discharged from mid-
dle and upstream regions of Nakdong River are intro-
duced to pollute the estuary.  The estuary reclamation 
to build industrial complex, Newport construction, devel-
opment of western industrial zone and construction of 
Myongji Bridge caused by designation of free economic 
zone give adverse effects on environment of estuary of 
Nakdong River (Kim, 2005; Busan Development 
Institute, 2005; Busan Development Institute, 2006; 
Choi, 2010).

Suyeong River is the local class 2 stream with stream 
length of 28.4 km and basin area of 199.57 km2.  It has 
its source in the Wonhyo mountain in Yangsan Gun, 
Gyeongnam.  While it moves south, it forms tributaries 
such as Cheolma, Seokdae and Oncheon streams.  It goes 
through Suyeong 1 bridge and it flows into Suyeong 
bay.  Since the upstream region in the catchment area 
of Hoedong is designated as water protection zone, the 
pollution source is less and quality of water is good.  
However, because the residential and industrial zones 
are concentrated in main stream basin, it is thought that 
quality of water and sediment is likely to be polluted due 
to the massive influx of various wastewater and the pol-
lution may affect the entire Suyeong bay as it goes along 
sea current (Pack, 1997; Busan Metropolitan City, 2003).

Investigation areas of Nakdong River and Suyeong 
River are shown in Fig. 1.  Water sampling for a raining 

Fig. 1.  Study area and sampling sites (A) Nakdong river, (B) Suyeong river.
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season was performed in July 2011.  The investigation 
about the dry season was conducted in October 2011.

Water sampling and pretreatment
Surface water in estuary of Nakdong River and 

Suyeong River was taken for sampling by using a hori-
zontal water sampler.  In order to prevent the potential 
pollution, 2L brown hard glass bottle which was washed 
at least 3 times with organic solvent, methanol with pes-
ticide grade for analysis of residual pesticide was used 
to transport it to the laboratory.

2L of sample was filtered using a glass fiber filter 
paper (GF/F 47 mm, Whatman), and the filtered water 
sample was kept frozen at –20°C or less.  Organic solvent 
used for pretreatment was at pesticide grade for analy-
sis of residual pesticide.  Prior to extraction, all glass 
wares were washed with ultrapure water and then 
heated at 400°C or higher for more than 2 hours.

Filtered sample was passed through NEXUS 
(200 mg/6 mL) conditioned with Dichloromethane 
10 mL, Methanol 5 mL and H2O 5 mL and washed with 
5 mL of solution mixed with H2O and Methanol in 1:1 for 
Solid Phase Extraction (SPE).  After cartridge column 
was dried, it was eluted with 6 mL of Dichloromethane.  
After it was evaporated at 60°C with N2 gas, 2 mL of 
n–Hexane was added. 

Isolute–NH2 (1 g/6 mL) used for purification was 
conditioned with 10 mL of Acetone and 10 mL of n–Hex-
ane.  After sample was passed through it, sample was 
washed with 8 mL of a solution mixed with 
Dichloromethane and n–Hexane in 1:1.  The sample was 
eluted with 8 mL of a solution mixed with 
Dichloromethane and Ethyl acetate in 1:1 and 8 mL of 
Acetone to be collected into a glass tube.  These eluted 
solutions were evaporated with N2 gas.  After they were 
dissolved with 100 μL of Acetone and 100 μL of BSTFA, 
2 hours of retention time was given.  Detection was per-
formed using GC/MS (Isobe et al., 2001; Isobe and 
Takada, 2004).

GC/ MS analysis
For sample analysis, GC/ MS (Shimadzu, 

GCMS–QP2010 Plus) equipped with Capillary column, 
DB–5 was used.  Column heating condition is following.  
It was maintained at 60°C for 2min in the beginning and 
then 10°C per a minute was increased until it reached 
260°C.  For sample injection, Splitless Mode (non split 
injection method) was used.  The carrier gas was helium 
(He: 99.999%) and the flow of 1.2 mL/min was made 
(Table 1).  The qualitative and quantitative analyses were 
performed by comparing retention time and peak area of 
each ingredient of sample with area of internal standard 
substance (Nonylphenol–d4) (Fig. 2).  The weight of 
quantitative ion and reference ion of standard material 
and internal standard substance was shown in Table 2.

RESULTS

Calibration curve and recovery rate
NP standards were prepared in concentrations of 0, 

2, 5, 10, 20, 50, 100, 200, 500 and 1000 ng/L and internal 
standard with concentration of 100 ng/L was addition-
ally analyzed.  Linear regression analysis was performed 
on calibration curve.  As shown in Fig. 3, high correla-
tion and linearity (R2=0.9982)were shown.

In order to validate the values of NP detected in 
water sample of stream water, the standard materials 
purchased in Cica–Reagent were added into pure ion-
ized water and were analyzed and detected according 
to the same method as extraction method for water sam-
ple.  The recovery rate was reviewed as well.  The range 

Table 1.  GC/MS analyzing conditions of NP

GAS CHROMATOGRAM

GC–2010 Shimadzu

Column DB–5

(30 m×0.25 mm i.d.×0.25 µm)

Inj. Temp. 250˚C

Col. Temp. 60˚C (2min)→10˚C→260˚C

Carrier Gas He 1.2 mL/min

Injection Splitless with surge 1 µL/Injection

MASS SPECTRUaM

QP–2010 Plus Shimadzu

Mode MS

Transfer line Temp. 260˚C

Ion Source Temp. 200˚C

Table 2.  �Key ions and retention time of NP and surrogate 
chemicals

Material NP NP-d4

Key
ion

(m/z)

Quantitative ion

207

296221

235

Reference ion

163

183179

193

Retention time 16.11–16.86 18.17

Fig. 2.	 Chromatogram of NP standard solution and internal stan-
dard.
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of recovery rate of NP according to reviewed extraction 
method was 92.37~118.08%.

NP distribution of estuaries of Nakdong River and 
Suyeong River

In order to identify the distribution characteristics 
of NP compounds in estuaries of Nakdong River and 
Suyeong River which were study areas, results of analy-
sis conducted from July to October 2011 was presented 
in Table 3. 

The range of NP concentration in estuary of the 
Nakdong River was 137.1~10,931.5 ng/L in July 2011 and 
the average was 2,363.7 ng/L.  St.5 which was nearby 

industrial complex showed relatively higher concentra-
tion compared to St.1~St.4.  When St.5 was excluded, 
the average was 221.7 ng/L.  The range was 141.0~ 
9,189.7 ng/L in October and the average was 2,266.5 ng/L, 
which was lower than that in July.  When St.5 point was 
excluded, the average was 553.7 ng/L, which was rela-
tively higher in St.1~St.4 points that those in July. 

Surface water of estuary of Suyeong River had the 
range of 144.0~569.0 ng/L in July 2011 and the average 
of 303.8 ng/L.  The range was 324.7~2,469.6 ng/L and 
the average was 1,120.2 ng/L in October.  The concentra-
tion of each point and average concentration were higher 
in October that those in July.  In particular, St.1 and 
St.2 had relatively much higher concentrations in 
October than those in July.

Upon looking at average concentration of each point 
during the study period, the concentration of St.1 located 
in the upstream direction of Nakdong estuary barrage 
was 309.0 ng/L.  On the other hand, St.2 nearby Eulsukdo 
bridge had the concentration of 142.1 ng/L, which 
showed lower concentration in the downstream.  St.4 
and St.5 which were small streams flowing into the 
Nakdong River showed higher concentration distribu-
tion than that in the mainstream.  In particular, St.5 
which had many industrial zones and lower amount of 
flow had the concentration of 10,060.6 ng/L, which was 
approximately 40 times as much as the average concen-
tration of mainstream.  St.5 was the area where there are 
many metal and chemical engineering plants, precision 
factory and junkyard, and it had low amount of flow, 

Fig. 3.  �Calibration curves of NP standard solu-
tion.

Table 3.  �Concentration of NP in Nakdong and Suyeong river (ng/L)

St. 1 St. 2 St. 3 St. 4 St. 5 Avg.

Nakdong
river

2011 July  237.5  143.2  137.1  369.1 10,931.5
2,363.7

(221.7)*

2011 Oct.  380.4  141.0  309.8 1,311.5  9,189.7
2,266.5

(535.7)*

Suyeong
river

2011 July  569.0  326.9  319.6  144.0   159.3    303.8

2011 Oct. 1,909.8 2,469.6  493.6  403.2   324.7 1,120.2

*Except St.5

Fig. 4.  Average concentration of NP in each station (A) Nakdong river, (B) Suyeong river.
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slow flow rate and low depth.  In addition, it had severe 
odor and high turbidity. 

Suyeong River showed the highest concentration in 
St.1 which was nearby Anrak Bridge which was the 
most upstream among study points and lowest concen-
tration in St.5 in July.  On the other hand, St.2 which 
was nearby Wondong bridge showed the highest con-
centration and St.5 showed the lowest distribution in 
October.  The averages of St.2 and St.5 were 1,398.3 ng/ 
L and 242.0 ng/L, respectively.  As it went from the 
upstream to downstream, it tended to be decreased (Fig. 
4).

Upon comparing NPs in Suyeong River and Nakdong 
River, the average concentration of all points was higher 
in estuary of Nakdong River in both July and October 
than that in estuary of Suyeong River.  However, if St.5 
in estuary of Nakdong River is excluded, the estuary of 
Nakdong River had lower average distribution in both 
July and October.  As it went from the upstream to down-
stream, the concentration tended to  get lower in estu-
ary of both Nakdong River and Suyeong River.  In par-
ticular, NP concentration had high correlation (R2= 
0.873) with salts in the estuary of Suyeong River in July 
(Fig. 5).  Li et al. (2004b) reported that NP concentra-
tion had correlation with salts in estuary of Seomjin 
River.

DISCUSSION

The range of NP concentration of surface water of 
estuary of Nakdong River during the study period was 
137.1~10,931.5 ng/L and average was 2,315.1 ng/L.  If 
St.5 which showed relatively high concentration com-
pared with other points was excluded, the average was 
378.7 ng/L.  The range in estuary of Suyeong River was 
144.0~2,469.6 ng/L with an average concentration of 
712.0 ng/L.  National Institute of Environmental 
Research investigated NP in 24 points of streams in 
Korea.  The concentration of NP was ND~1,770 ng/L in 
2005 (NIER, 2006) and ND~6,660 ng/L in 2006 (NIER, 
2007).  It implied that NP distribution of Nakdong River 
and Suyeong River was similar to other streams in 
Korea.

The range in surface water of Han River was 23.2~ 
187.6 ng/L (Li et al., 2004a).  It was reported that branch 

stream in drinking water resources was ND~12,724 ng/L 
and Intake Station had the range of 122~2,724 ng/L 
(Ham et al., 2004).  Like Nakdong River in this study, 
Han River showed higher concentration of branch 
stream compared to that in the mainstream.  The range 
of NP concentration of surface water of estuary of 
Seomjin River flowing into Gwangyang Bay was 10.9~ 
63.5 ng/L with an average of 49.1 ng/L, which was twice 
as much as the average concentration of 20.9 ng/L in 
inland Sea of Gwangyang Bay(Li et al., 2004b).  Lee et 
al. (2005) reported that NP concentration in middle 
stream of Nakdong River was 4,330 ng/L and 1,700 ng/L 
in factory wastewater and domestic sewage flowing into 
sewage treatment facility, respectively.  The concentra-
tion of over 100 ng/L was detected in entire area in 
nearby streams.

Upon looking at the results of studies in other coun-
tries, it was reported that NP concentration in streams 
flowing into Tokyo Bay and Biwa Lake in Japan was 
50~1,080 ng/L (Isobe et al., 2001) and 110~3,080 ng/L 
(Tsuda et al., 2000), respectively.  In the United States, 
the concentrations of urban streams in Ohio and Detroit 
River in Michigan were 110~500 ng/L (Rice et al., 2003) 
and ND~1,190 ng/L (Synder et al., 1999), respectively.  
It was reported that streams of German affected by efflu-
ent of sewage treatment plant and Lakes of China had 
concentration of 28~1,220 ng/L (Fries and Puttmann, 
2003) and 1,940~32,850 ng/L (Wu et al., 2007), respec-
tively.  NP concentrations in England and Wales were 
ND~3,100 ng/L in seven estuaries and < 200~53,000 ng/L 
in five streams in 1993 and 1994, respectively (Blackburn 
and Waldock, 1995).  On the other hands, NP concen-
trations were 100~2,600 ng/L and < 200~22,000 ng/L in 
estuary and stream, respectively in 1995 (Blackburn et 
al., 1999).  It showed a dramatic reduction.

According to results of this study, it was found that 
NP concentration of Suyeong River and Nakdong River 
was similar or lower compared to results of studies in 
Korea and other countries.  During study period, the 
average concentration of each study point was lower 
than 1 μg/L which was NP regulatory concentration in 
US and Europe (Renner, 1997), if a specific point was 
excluded.  However, since NP was detected in all points 
and a considerably high concentration was detected at 
a certain point prior to investigation, it is thought that 
studies with wider range in vicinity and additional stud-
ies about suspended solids and sediment are needed.  
In addition, study on characteristics of the residual NP 
should be conducted on the basis of accumulation of 
data through continuous monitoring.
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