
iMedPub Journals
www.imedpub.com Journal of Aquatic Pollution and Toxicology

2017
Vol.2 No.1:19

Research Article

© Under License of Creative Commons Attribution 3.0 License | This article is available in: http://www.imedpub.com/aquatic-pollution-and-toxicology 1

Kathrin Fisch1*,  
Bo Li2, Qianyong Liang3, 
Yufeng Wang3, Yugen Ni3,  
Kai Liang3, Meng Zhou4, 
Joanna J Waniek1 and  
Detlef E Schulz-Bull1

1	 Leibniz Institute for Baltic Sea Research 
Warnemünde, Germany

2	 Zhejiang Ocean University, China
3	 Guangzhou Marine Geological Survey, 

China
4	 Shanghai Jiao Tong University, China

*Corresponding author: Kathrin Fisch

 kathrin.fisch@io-warnemuende.de  

Leibniz Institute for Baltic Sea Research 
Warnemünde, Germany.

Tel: +493815197356 
Fax: +493815197302

Citation: Fisch K, Li B, Liang Q, Wang Y, 
Ni Y, et al. (2017) Occurrence of the Two 
Endocrine Disruptors Octocrylene and 
Nonylphenoxyacetic Acid in Four Chinese 
Aquatic Systems. J Aquat Pollut Toxicol  
Vol.2 No.1:19

Introduction
The world population now exceeds 7 billion people and over 54.9% 
of the population live in urban areas [1]. Urbanization can be 
observed worldwide for past-centuries. At present, urbanization 
can be seen in the emergence of megacities (population: >10 
million people) with 8.4% of the world population already living in 
megacities. Since the 1980s until today China has experienced a 
population migration from rural to urban areas and approximately 
54% (2014) of China’s population now live in urban areas [2]. The 
megacities Shanghai (population: 23.4 million) and Guangzhou 
(population: 19 million) ranked 7th and 13th place in the list of 
largest cities in the world in 2016 [1]. Urbanization can be seen by 
typical foot-prints such as lights at night, from airplane or space. 
It also leaves its marks in the environment around it e.g. higher 
waste production and pollution of air and water. 

With the growth of the population not only did the urbanization 
increase but also the request and usage of personal care products 
(PCPs) and household chemicals increased. PCPs include a wide 
range of products such as lotions, creams, soaps, cologne and 
toiletries [3]. There are two major pathways for PCPs to enter the 
aquatic environment: Either they enter the aquatic environment 
by an indirect input (e.g. showering, cleaning, washing machine 
etc.) via the waste water due to an incomplete removal or as is the 
case for sunscreen, directly via recreational activities. PCPs are 
counted as ubiquitous contaminants and are defined as ‘pseudo’-
persistent due to their inefficient removal from waste water and 
constant input into the environment [4,5]. Their occurrence in 
the environment is of growing scientific concern, as many of them 
have endocrine disrupting properties and effects on organisms 
[6]. One of the investigated compounds is the organic UV-filter 
octocrylene (OC), which is mainly used in sunscreen products to 
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Abstract
Worldwide the emergence of endocrine disrupting chemicals in the environment 
is of growing scientific concern. The aim of the present study was to determine the 
occurrence and distribution of two endocrine disrupting chemicals, octocrylene 
(UV-filter) and nonylphenoxyacetic acid (non-ionic surfactant metabolite), in two 
Chinese rivers (Huangpu and Pearl River). Additionally, a focus was put on their 
occurrence in the marine ecosystems of the East and South China Sea. Surface 
and bottom water samples were taken from Pearl River, East and South China Sea 
using go-flow bottles. From the Huangpu River grab surface water samples were 
taken at the river bank. All samples were enriched via solid-phase extraction and 
analyzed with liquid chromatography tandem mass spectrometry. Octocrylene was 
detected in all four analyzed water systems at a low ng/L range from not detected 
to 30 ng/L in surface and bottom water samples. Its occurrence at the off-shore 
stations in the South China Sea indicate that octocrylene can be transported over 
a long distance. Nonylphenoxyacetic acid was detected at a higher ng/L range (not 
detected-658.3 ng/L) than octocrylene in three of the four Chinese water systems 
in surface and bottom water samples. It was not found in the South China Sea. 
The risk assessment indicates that right now only nonylphenoxyacetic acid poses 
a medium risk to aquatic organisms in the Huangpu and Pearl River.
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protect the skin from UV-radiation. In China the total usage of OC 
was estimated to be 206 t per year, with a total emission of 116 t 
per year. OC is mostly used in skin care products (63%), which 
include 80 t sunscreen products and 47 t daily face care products 
[7]. Additionally, it is also used as a stabilizer for other UV-filters 
in formulas or in plastics. It is photostable, non-degradable and 
a lipophilic neutral compound, due to its high logKOW (6.9) [7]. It 
can be adsorbed to particles or sediments and its neutral form 
is mostly transported from water to sediment. Most studies 
about OC have focused on the sediment phase and on biota, 
as approximately 91% of the discharged OC can be found in 
freshwater sediment and only 4% in marine sediment [7]. In 
recent years, studies reported that OC is bio-accumulative and 
was not only found in mussels (M. galloprovincialis, M. edulis), 
fish, shrimp and squids but also in higher trophic levels such as 
dolphins and in human breast milk, which suggest that it can 
possibly be bio-magnified in the food-web [3,8-14]. Blüthgen et 
al. and Zhang et al. were able to prove that OC is affecting the 
endocrine system of zebrafish (D. rerio) and androgenic, anti-
androgenic and anti-estrogenic activities were observed [6,15]. 
Furthermore, Campos et al. recently published that OC impairs 
the growth of C. riparius larvae and it reduces the weight of 
imagoes and delays their emergence [16]. Additionally, toxicity 
against P. lividus embryogenesis and the early larval growth 
has been reported [17]. The other investigated compound is 
nonylphenoxyacetic acid (NP1EC). It is an intermediate which 
is formed e.g. by the aerobic degradation of the non-ionic 
surfactant nonylphenol polyethoxylate, which is mostly used as 
an industrial laundry detergent [18,19]. Only few studies have 
been conducted about NP1EC so far and not much is known 
about it. However, NP1EC is known to have endocrine activities 
and it is listed in category 2 of the European endocrine disruptor 
priority list for wild life and human health [20]. In difference to 
its degradation product nonylphenol, it can mostly be found in 
the water phase as its logKOW-value is 2.2 [21]. Around the world 
studies have focused on the occurrence of PCPs and endocrine 
disrupting chemicals in influents and effluents of waste water 
treatment plants, in lakes and rivers and also soils and sediments 
[22-26]. However, only few studies so far have put a focus on 
the marine environment and the transport of PCPs along salinity 
gradients [27]. This study is focused on the occurrence of the two 
endocrine disruption chemicals OC and NP1EC in two Chinese 
rivers (Huangpu River, Pearl River), which are influenced by the 
megacities Shanghai and Guangzhou, respectively. Furthermore, 
their transport into the open marine environment of East and 
South China Sea was under investigation.

Materials and Methods
Chemicals
All chemicals and reference standards were of analytical 
grade (>98%). Reference standards of octocrylene and 
nonylphenoxyacetic acid were purchased from Dr. Ehrenstorfer 
GmbH (Germany). The internal standard benzophenone-3-d5 
(BP-3-d5) was obtained from CDN Isotopes (Canada). Solvents 
used in China (acetone, methanol and hydrochloric acid (HCl)) 

were contributed by Guangzhou Marine Geological Survey and 
Shanghai Jiao Tong University. Acetone and methanol used in 
Germany were purchased from Promochem (Germany). Water 
(LC-grade) was acquired from VWR (Germany) and acetic acid 
and formic acid were purchased from Sigma-Aldrich (Germany).

Sampling areas and sampling strategy 
The Huangpu River (HP) is the largest river (114 km) flowing north-
east through Shanghai. It is originating in Tai Lake and discharges 
north of Shanghai into the Changjiang River (discharge volume: 
10  billion  m3/a). Industry and residential areas dominate the 
lower river (83 km) [28,29]. Samples from Huangpu River (n=10) 
were collected in July 2016 stream upwards from Minhang district 
(HP-1) towards the Changjiang River (HP-10). From the Huangpu 
River 2  L surface water (0.5 m) samples were taken, from the 
river bank with a pre-cleaned metal bucket. The samples were 
filled in 2  L pre-cleaned amber bottles, kept cold (4°C) and in 
the dark for the transport to the laboratory (Shanghai Jiao Tong 
University), where the solid-phase extraction was carried out 
within 48 h (Figure 1a) (Table S1). 

The East China Sea is the largest marginal sea in the north western 
Pacific Ocean. It is dominantly influenced by the Changjiang River 
discharge and slightly by the Hangzhou Bay [30]. The East China 
Sea receives freshwater from the Changjiang Estuary which forms 
a strong plume of Changjiang Diluted Water (CDW) on the shelf. 
It is also influenced by the inshore branch of the Taiwan Warm 
Water Current (TWCIB) flowing north east during the south west 
monsoon season. The Changjiang Estuary and the East China 
Sea shelf are defined by a eutrophic, low-salinity, inshore (CDW, 
coastal current) current system in the summer. The CDW (S<34) 
is dominating the upper water column [31]. During a cruise with 
research vessel ZheHai Ke 1 (Zhejiang Ocean University) in July 
2016 discrete surface and bottom (n=12, both) water samples 
were taken in the East China Sea using a go-flow bottles. At each 
station conductivity, temperature and pressure were measured 
with CTD-sensors from Sea Bird Scientific (Bellevue, WA, USA). 
All samples were collected in 1 L pre-cleaned amber bottles and 
the extraction was carried out on the ship (Figure 1a) (Table S1). 

The Pearl River (PR) is approximately 120  km long and is the 
largest water system discharging (336 billion m3/a) into the South 
China Sea (SCS) [32,33]. It is heavily influenced by the waste 
waters from industrial and domestic activities but also from 
intensive agriculture and aquaculture. One of the characteristics 
is its semi-diurnal tidal cycle [34]. Discrete surface (n=12) and 
bottom (n=9) water samples were taken from the Pearl River 
in August 2016 with the research vessel Haiyang 4 (Guangzhou 
Marine Geological Survey, GMGS) using a go-flow bottle. Samples 
at station PR-7-9 and PR-11 were taken directly from the surface. 
Samples were taken from upstream (Dong Jiang River) towards 
the South China Sea. The conductivity, temperature and pressure 
were measured at station PR-1-6, PR-10 and PR-12 with a CTD-
system (Sea Bird Scientific, Bellevue, WA, USA). The samples 
were stored in 2  L pre-cleaned amber bottles and kept in the 
dark at 4°C until extraction in the GMGS-laboratory within 48 h  
(Figure 1b). 
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tropical Pacific Ocean. The Pearl River Estuary is located midway 
along the northern boundary of the South China Sea between 
the Taiwan Shoal and Hainan Island. The coast has ENE-WSW 
orientation and is connected to a shelf of 150-250  km width 
[35]. The Pearl River Delta is one of its largest contributor with a 
drainage area of 453,690 km2 covering most of south China and 
Vietnam [36]. The estuary freshwater forms a buoyant plume 
over the shelf and the winter surface circulation is cyclonic in 
the South China Sea. During the winter season the north easterly 
monsoon transports the freshwater plume southwestwards 
along the coast line [34]. The surface water (n=29) of South China 
Sea was sampled in March 2015 with the research vessel Haiyang 
4. Discrete water samples were taken with go-flow bottles and 
conductivity, temperature and pressure were measured with the 
CTD-system (Sea Bird Scientific, Bellevue, WA, USA). All samples 
were collected in 1 L pre-cleaned amber bottles and extracted on 
board. (Figure 1b) (Table S1).

The extracted samples were kept in the dark at -20°C and further 
analyzed in Germany. For the South China Sea, samples for the 
following parameters were taken during the cruise and measured 
in Germany: Particulate organic carbon (POC), dissolved 
organic carbon (DOC), suspended particulate matter (SPM) and 
chlorophyll a (Chl a). Data of POC and Chl a for the East China Sea 
was obtained from satellite imagery provided by NASA, in order 
to estimate transport processes in the particulate phase (Table 
S2) [37]. 

SPE and LC-MS/MS 
The solid phase extraction (SPE) and chromatography analysis 
have been published by Fisch et al. and Orlikowska et al. [25,38]. 
The 2  L of sampled water were divided into 1  L amber glass 
bottles and spiked with 20 ng/L internal standard (BP-3-d5). 1 L 
of sampled water was extracted and enriched via SPE. Prior to 
the SPE the pH was adjusted to pH=2 with 5M HCl. Chromabond® 
EASY (3  mL, 200  mg, Marchery-Nagel GmbH) cartridges were 
cleaned and preconditioned with 4  mL acetone and 4 mL LC-
water. The samples were brought onto the column via a filtration 
unit equipped with glass-fiber filters (GF/F, 0.7 µm, Whatman), to 
remove SPM and POC from the water phase. After extraction, the 
cartridges were cleaned with 4 mL water (pH=2) and gently dried 
under vacuum. The columns were wrapped in aluminum foil and 
stored in the dark at -20°C and further analyzed in Germany. In 
Germany the columns were eluted with 4 mL acetone/methanol 
(1/1, v/v) and 6 mL methanol/13% NH3 (aq) (97/3, v/v). The eluate 
was evaporated to complete dryness in a water bath at 40°C in a 
Turbo-Vap (LV, Zymark, USA) evaporator. The samples were re-
constituted in 1 mL methanol/water (1/1, v/v). 

The 1  mL samples were analyzed with liquid chromatography 
equipped with a heated electrospray ionization source and 
tandem mass spectrometer (LC-MS/MS) from Thermo Fischer 
Scientific (Germany). The chromatographic separation was 
achieved with a reverse-phase Kinetex C-18 column (2.6  µm,  
50 x 2.1  mL, 100  Å, Phenomenex, USA), running a gradient 
program (mobile phase A: water + 0.1% acetic acid, mobile phase 
B: methanol + 0.1% formic acid, flow rate: 250 µL/min). A sample 

Figure 1a Sampling location: Huangpu River (HP-1-10) and East 
China Sea (C-F2, 4, 5).
CDW - Changjiang Diluted Water, TWCIB - Taiwan 
Warm Current Inshore Branch

 

Figure 1b Sampling location: Pearl River Estuary (PR-1-12) and 
South China Sea (SCS1-64). GCC - Guangdong Coastal 
Current (He et al., 2016; Jiang et al., 2017) 

The South China Sea with a total area of approximately 
3.5x106  km2 is the largest semi-enclosed sea in the western 
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sources were detected. The attenuation coefficient of k=0.004 
indicates that the dilution of OC is insignificant. The measured 
concentrations of OC have been correlated with the population 
density in the area (10  km radius) surrounding the sampling 
stations as suggested by Wu et al. [42]. There is a slight positive 
correlation between the population density and the occurrence 
of OC in the Huangpu River (r=0.2, p=0.5). It can be considered 
that the consumption in densely populated areas could be of 
importance. Wu et al. were able to see an increase in UV-filters 
(benzophenone) from suburban to urban areas and also towards 
the Changjiang River [42]. The latter increase was explained by 
the many cosmetic factories and waste water treatment plants 
(WWTPs) along the Suzhou River and Yunazo Brook, which 
drain into the Huangpu River near Changjiang River. The same 
increase could not be confirmed for OC. The connectivity rate 
of WWTPs in Shanghai is estimated to be around 81%, which 
exposes the Huangpu River to 419 million m3 of untreated waste 
water, pointing towards waste water being a source of OC in the 
Huangpu River [7,29]. Even though OC is expected to be adsorbed 
by soil and sediment, due to its lipophilicity (logKOW=6.9) and 
tendency to bio-accumulate, it can be transported in water as it 
is highly stable in the environment [4,7,43]. In Shanghai OC has 
only been detected in indoor dusts by Ao et al. [44]. The median 
concentration of OC added up to 1170.4 ng/g, which was 5-10 
times higher than the other analyzed UV-filters. This result point 
towards a high consumption rate of OC and explains its presence 
in the Huangpu River (Figure 2) (Table 1 and S1). 

OC was detected in 33% of surface water samples and 50% of 
bottom water samples in the East China Sea. At the surface it was 
only detected at the stations closest to the coast (F2, E2 and D2) 
and station F5, which all were of lower salinity. The maximum 
concentration (30.1 ± 2.5  ng/L) was measured at station F2, 
which is higher than in the Huangpu River. OC shows a slight 
positive correlation with salinity (rS=0.1, p=0.6), indicating that 
dilution has a minor effect on the distribution pattern of this 
compound. However, all sampling stations were positioned in 
the Changjiang Diluted Water (CDW, salinity<31), indicating that 
OC was transported with the CDW into the East China Sea. An 
ANOVA analysis displays, that there is a significant statistical 
difference (p<0.001) between the concentration in the Huangpu 
River and the East China Sea. Another possible input source can 
be the waste water of Zhejiang (WWTP connectivity: 71%) or 
the direct discharge of waste water from Shanghai into the East 
China Sea [7,28]. OC is photostable and not easily degradable. 
Higher concentrations in the bottom than surface water can be 
explained by is tendency to adsorb to particles, resulting in its 
transport/sinking through the water column or desorption from 

volume of 10 µL was injected and each sample was measured 
in triplicate. The temperatures (capillary, vaporizer) were set to 
300°C. The measurement was carried out in selected reaction 
mode (SRM). For each compound two distinctive transitions 
of the precursor molecular ion/product ion were scanned. The 
ionization was achieved in positive and negative mode. For 
quality control the transition of two characteristic precursor 
molecular ion/product ion transitions were monitored in SRM. 
Quantification and qualification were conducted on the first 
and second most abundant transitions, respectively. Both were 
based on the signal-to-noise ratio and the area ratio of sample 
to internal standard. Further information can be found in 
Orlikowska et al. [38].

Calculation of attenuation coefficient and risk 
quotient 
For interpretation of the behavior of OC and NP1EC in the Huangpu 
and Pearl River the attenuation coefficient (k) was calculated 
according to Luo et al. and Zhang et al., assuming a first order 
attenuation [39,40]. Adsorption, dilution and bio-degradation are 
often described as factors affecting the attenuation. Additionally, 
it needs to be considered that currents (direction and strength) 
may vary within/along the river and that diffused sources are 
more dominant than point sources. 

In addition to the attenuation, a risk quotient (RQ) was calculated 
to determine the potential risk of the compounds to the 
environment. RQ is the quotient of measured environmental 
concentration (MEC) over predicted no-effect concentration 
(PNEC). It was calculated for all analyzed Chinese water systems. 
The RQ is classified in three levels: RQ < 0.1 low risk, 0.1 ≤ RQ ≤ 1 
medium risk, 1 ≤ RQ high risk [41].

Results and Discussion 
During the summer 2016 a total of 34 samples of surface and 
bottom water were collected from Huangpu River, East China Sea 
and Pearl River. One year prior, 29 surface water samples were 
taken in South China Sea. Both OC and NP1EC were detected in 
Huangpu River, Pearl River and East China Sea and only OC in the 
South China Sea (Table 1).

Occurrence and distribution of OC in aquatic 
environment 
OC was detected at every station in Huangpu River with a 
concentration range of 11.9 ± 1.2 - 23.2 ± 2.3 ng/L. The concentration 
along the river does not vary much and no significant point 

Compound LOD Huangpu River (n=10) Pearl River (n=10) East China Sea (n=12) South China Sea (n=29)
freq. mean max. freq. mean max. freq. mean max. freq. mean max.

[ng/L] [%] [ng/L] [ng/L] [%] [ng/L] [ng/L] [%] [ng/L] [ng/L] [%] [ng/L] [ng/L]
OC 1.7 100 18.1 ± 3.8 23.2 100 3.9 ± 2.1 9.8 33.3 3.6 ± 8.7 30.1 76 4.4 ± 4.0 17.8

NP1EC 1.0 100 463.9 ± 146.0 658.3 100 226.9 ± 133.9 396.1 100 10.7 ± 3.2 18.2 0 n.d. n.d.

Table 1 Measured surface concentrations of octocrylene (OC) and nonylphenoxyacetic acid (NP1EC) in Huangpu River, Pearl River, East and South 
China Sea.

LOD - limit of detection, freq. - frequency of detection, mean - mean value of samples above LOD, max - maximum concentration, ± - standard 
deviation
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re-suspended sediment or particles [43,45]. Due to its lipophilic 
properties, sedimentation could be a possible sink for OC in the 
environment. That would explain the occurrence not only in the 
surface water but in the bottom water as well. The slight negative 
correlation with POC (rPOC=-0.1, p=0.7), is an additional indicator 
that the sorption of OC to particles can be seen as a sink of OC in 
the environment. However, it needs to be accounted for that this 
correlation is based on just few measurements. It is an indicator 
that there is a possible correlation between the concentration of 
OC and the particulate organic carbon content. In the East China 
Sea, OC has only been detected in Tokyo Bay (87-108 ng/L, Tsui et 
al.) and off-shore near Okinawa (n.d.-8.1 ng/L) [5]. Even though 
the sampling stations near Okinawa are closer to the coast, they 
display a slightly lower mean value than the mean concentration 
(10.7 ng/L) measured in this study (Figure 3) (Table 1 and S1). 

In all surface and bottom water samples from Pearl River, OC was 
detected. No correlation was detected between the occurrence 
of OC and the population density of the surrounding area (10 km 
radius) of the sampling stations [47]. The surface and bottom water 
concentration are in similar range. The highest surface water 
concentration (9.8 ± 0.3 ng/L) was detected at station PR-1, which 
is the closest station to the city center of Guangzhou. OC then 
decreases towards the open South China Sea. Both, surface and 
bottom water concentration of OC display a negative correlation 
with salinity (rS=-0.4, p=0.3, rS=-0.3, p=0.4, respectively), which 
is different from the open marine system (see East and South 
China Sea, positive correlation). The attenuation coefficient adds 
up to k=0.01. The negative correlation with salinity, together 
with the attenuation coefficient point towards weak dilution 
effects as a reason for the declining OC concentration. However, 
even though OC gets slightly diluted the concentration does not 
decrease much from station PR-6 to PR-12, being close to a mean 
concentration of 2.9 ± 0.4 ng/L  (Tables 1 and S1) (Figures 1b, S1 
and 4). 

At 50% of the station OC was found in higher concentration in 
bottom water. It is possible that OC sinks towards the bottom 
due to its lipophilicity or is desorpt from sediment as a possible 
partition to other phases as was suggested by Tsui et al. [45]. 
The input into the environment occurs either directly (e.g. 
recreational activities) or indirectly via waste water. The Pearl 
River drains most of the Guangdong region, which has a WWTP 
connectivity of 51%, exposing the Pearl River Estuary (PRE) 
to a large amount of untreated waste water [7]. A few studies 
have been carried out on the occurrence of OC in the PRE so 
far. However, all studies were focused on the sediment phase 
or the biota and not the water phase. OC has been detected in 
fish, mussels and squid in the estuary [3,14]. OC was found up 
to >1000 ng/g in sediment of the PRE by Tsui et al. and Pintado-
Herrera et al. [45,48]. Another study by Peng et al. detected up 
to 917 ng/g of OC as a major UV-filter in sediment of the estuary, 
which were in agreement with other studies carried out in Japan, 
Hong Kong, France and Germany [26]. Huang et al. reported a 
mean concentration of 16.0 ± 7.5 ng/g in the sediments of the 
estuary and a decrease in concentration towards the South China 
Sea [49]. Additionally, they detected hotspots of OC near the 

eastern side of the upper Pearl River, which they connected to 
a high sewage discharge of the large cities on the eastern side of 
the estuary, this could not be confirmed for the water phase in 
this study. Only the decrease from the city center of Guangzhou 
towards the South China Sea could be confirmed (Figure S1).  

The Pearl River drains into the South China Sea, which has complex 
water dynamic. OC was detected in 76% of the surface water 
samples, mostly at stations on the eastern side of the estuary. 
The median concentration is 4.0 ng/L, with the maximum being 
17.8 ± 0.4 ng/L at station SCS-58, near Dongsha Island. OC has not 
been measured in the open South China Sea before. The median 
concentration is slightly higher than in Pearl River (median: 
3.2  ng/L), which might be caused by the different sampling 

Figure 2 Measured concentration [ng/L] of OC and NP1EC in 
the Huangpu River in comparison with the population 
density surrounding the sampling stations in a 10 km 
radius. Data regarding population density acquired from 
Wu et al. (2017) [42]. 

 

Figure 3 Measured surface (2 m) and bottom (15-60 m) water 
concentration [ng/L] of OC in the East China Sea 
collected during a cruise in July 2016.
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seasons (March: Wet season, July: Dry season). However, an 
ANOVA analysis shows that there is no statistical significant 
difference (p=0.7) between the occurrence of OC in the Pearl 
River and the South China Sea. At all stations the salinity was 
slightly above 34, which is an indicator for oceanic conditions. 
However, a cyclonic eddy exists near Dongsha Island. He et al. 
reported that when the eastward Pearl River plume is transported 
towards the Taiwan Bank, it encounters the northern edge of the 
cyclonic eddy [50]. Its anticlockwise rotation is able to entrain 
the Pearl River Plume and to force some of the plume water 
southwestward, which might explain the occurrence and the 
slightly raised concentrations of OC in this area. The occurrence of 
OC correlates positively with the salinity (rS=0.1, p=0.5) as in the 
East China Sea. Again, this might be an indication that OC can be 
transported over a longer distance and is not easily degradable in 
the marine environment. An additional source could be the input 
of OC through the atmosphere. As has been reported by Ao et al., 
OC can be found in high amounts in indoor dusts [44]. If OC can 
be transported through the atmosphere needs to be examined. 
In agreement to the East China Sea, a slightly negative correlation 
between POC (rPOC=-0.4, p=0.01) and OC could be seen. More 
data is needed to determine the significance of POC as a sink for 
OC in the marine environment (Tables 1 and S1) (Figure 5). 

In comparison to other seas the measured median (4.0  ng/L) 
concentration is much lower. OC has been detected at higher 
concentrations in surface water near beaches in Norway (n.d.-
7301 ng/L), Gran Canaria (median: 109.7 ng/L), South Carolina 
(227 ng/L) and slightly higher in the Baltic Sea (median: 7.9 ng/L) 
[25,51-53]. However, these measurements were taken much 
closer to the coast and near beaches with high recreational 
activities. Furthermore, the mean concentration in the South 
China Sea is only half of that measured in the East China Sea 
within this study. A reason could be the different geological 
surroundings as the waters of the East China Sea are restricted by 
land, whereas the South China Sea is less restricted and is more 
openly connected to other seas. Whereas, statistical analysis 
shows that there is no statistical significant difference (p=0.3, 
ANOVA) between the East and South China Sea. Yet, it might 
be of great scientific interest and important for environmental 
studies to also analyze the sediments of both seas, in order to 
gain even more information about the behavior of OC and its 
distribution in the marine environment (Table 1).

Occurrence and distribution of NP1EC in aquatic 
environment 
NP1EC is an intermediate in the degradation process from 
nonylphenol ethoxylate to nonylphenol and is mostly formed 
during the waste water treatment process (Montgomery-Brown 
et al., 2008). In the Huangpu River, NP1EC was detected in all 
samples with a concentration range from 198.1 ± 16.3 ng/L to 
658.3 ± 13.9  ng/L. A negative attenuation coefficient (k=-0.01) 
was calculated, confirming the increase in concentration along 
the river towards the Changjiang River. Furthermore, a positive 
correlation (r=0.4, p=0.3) was found between the occurrence 
of NP1EC and the population density surrounding the sampling 
stations (data acquired from Wu et al.) [42]. As NP1EC is formed 
under aerobic conditions in WWTP, it enters the environment 

via waste water effluents [19]. It is relatively stable and more 
hydrophilic than nonylphenol, which explains its occurrence in 
the water phase. The positive correlation indicates a higher input 
rate of NP1EC in the densely populated urban area, resulting from 
a possible higher input of waste water from cosmetic industry 
and urban area surrounding the Changjiang River, as its parent 
compound is used in industrial laundry detergents (Figure 2) 
(Tables 1 and S1) [18,42]. 

In the East China Sea, NP1EC was detected at all surface water 

Figure 4 Measured surface (0.5-2 m) water concentration [ng/L] 
of OC and NP1EC in the Pearl River in comparison with 
the population density in a 10 km radius of the sampling 
stations (NSDG, 2017). 

 

Figure 5 Measured surface water concentration [ng/L] of OC in 
the South China Sea in March 2015.
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stations and in 75% of the bottom water samples. The measured 
concentrations (n.d. - 18.2 ng/L) are much lower than in the 
Huangpu River (p<0.001, ANOVA). Additionally, slightly higher 
concentrations were detected at the stations closest to the 
coastline (C2, D2, E2, F2) than at the off-shore stations (C5, 
D5, E5, F5) and in the surface water compared to the bottom 
water. The inverse correlations with salinity (rS=-0.3, p=0.3), 
POC (rPOC=-0.3, p=0.3) and Chl a (rChl a=-0.4, p=0.2) reconfirm the 
assumption that dilution is a major key player in the transport 
process. Furthermore, NP1EC can be degraded in 7-14 days 
under experimental conditions to nonylphenol, which is more 
toxic and can dominantly be detected in sediment [19]. The 
possible degradation to nonylphenol and consequentially the 
sorption to particular matter might explain the low bottom water 
concentrations. So far, NP1EC was not detected in marine waters 
prior to this study (Figures 6 and S2) (Tables 1 and S1). 

In the Pearl River, lower concentrations than in the Huangpu 
River but higher than in the East China Sea of NP1EC were found. 
In difference to OC, a positive correlation (r=0.4, p=0.2) between 
NP1EC and the population density of the area surrounding the 
sampling stations was observed as in Shanghai (NSDG, 2017). 
NP1EC was not detected in the South China Sea during this study. 
However, in the Pearl River it was identified in all surface and 

bottom water samples. Surface and bottom water concentration 
are similar to each other and they display the same occurrence 
pattern. The concentrations increase from the city center (PR-1) 
towards PR-4, at which station the highest concentration was 
detected. The increase might be due to additional diffuse source 
e.g. waste water. From the maximum concentration (396.1 ± 
6.1 ng/L) at PR-4 it then decreases towards the open South China 
Sea (PR-12, 32.5 ± 0.5 ng/L). Both, the surface and bottom water 
concentration display an inverse correlation with the salinity 
(rS=-0.9, p<0.01, rS=-0.9, p<0.01, respectively). This negative 
correlation is an indicator that the dilution effect is responsible 
for the decrease in concentration. Additionally, the attenuation 
coefficient (k=0.021) also provides proof of the transport of NP1EC 
along the river, with dilution taking place. As in the East China 
Sea, the NP1EC concentrations display an inverse correlation with 
POC (rPOC=-0.9, p=0.03) and Chl a (rChl a=-0.9, p=0.03). A possible 
explanation might be that NP1EC is degraded to nonylphenol, 
which then binds to particles and sinks out of the water column 
(Tables 1 and S1) (Figures 4 and 7). 

Nonylphenol is a largely analyzed endocrine disruptor in the 
Pearl River region. As for NP1EC, high amounts of nonylphenol 
were measured in sediments of the northern part (1906 ng/g) of 
the river and lower concentrations near Macau (26 ng/g) [48]. In 
2011 Xu et al. measured a mean concentration of 45 ng/L of the 
degradation product nonylphenol in the PRE, which is significantly 
lower than the mean concentration of NP1EC (226.9 ± 133.9 ng/L) 
reported during this study [54]. The large difference in reported 
concentrations of nonylphenol is more likely related to its particle 
affinity as it can be more often found in the sediment phase due 
to a higher logKOW-value (5.7). In comparison to literature data the 
median concentration of the Pearl River (283.1 ng/L) is in similar 
range as the median value of 122 European rivers (233  ng/L) 
[24]. However, both mean concentrations of the Huangpu and 
Pearl River are lower than the mean concentration (661 ng/L) 
measured in the Seine Estuary in France (Table 1) [55].

Mass load and risk assessment 
The mass load was calculated by multiplying the mean river 
concentration with the annual discharge volume of the rivers. 
When comparing the Huangpu and Pearl River, it becomes 
apparent that in the Huangpu River higher concentrations of 
both endocrine disruptors were found (mean concentration: 
482.0 ng/L, 230.8 ng/L, respectively). In spite of a higher mean 
total concentration the total mass load in the Huangpu River 
is much lower than in the Pearl River (total mass load: 4.8 t/a, 
77.6 t/a, respectively). This existing difference is due to the large 
difference in the annual water discharge volumes of the rivers 

Figure 6 Measured surface (2 m) concentration [ng/L] of NP1EC in 
the East China Sea in July 2016.

 

Compound PNEC(freshwater) PNEC(marine) Huangpu River Pearl River East China Sea South China Sea
[µg/L] [µg/L] RQ RQ RQ RQ

OC 0.51 2.32 0.04 0.02 0.01 0.007
NP1EC 2.03 2.03 0.3 0.2 0.01 -

Table 2 Calculated risk quotient (RQ) of octocrylene (OC) and nonylphenoxyacetic acid (NP1EC) in freshwater systems: Huangpu River and Pearl River 
and in marine systems: East and South China Sea [57-59].

RQ<0.1 low risk, 0.1 ≤ RQ ≤ 1 medium risk, 1 ≤ RQ high risk. 
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(Huangpu River: 10 billion m3/a, Lee, Pearl River: 336 billion m3/a, 
Zhang et al.) [56,57]. The calculated mass load for OC is similar 
to the estimated emission rate of Zhu et al. [7]. They estimated 
an OC emission rate of 0.07 - 0.2 t of OC for Shanghai. Our study 
resulted in a mass load of 0.2  t/a of OC in the Huangpu River, 
which is within the range of the estimation. The OC mass load 
(1.3 t/a) of the Pearl River also fits with previous estimates in the 
range of 0.5-6.6 t for Guangdong [7]. Concentrations and mass 
load reported in this study mirror the prevailing conditions during 
the sampling period and are most likely typical for the freshwater 
discharge season (Table 1). 

Furthermore, a risk assessment was carried out to better 
understand the potential effects of the occurring concentrations. 
For both endocrine disruptors a risk quotient (RQ) was calculated 
for each system. So far the measured concentrations of OC are 
of low risk (RQ<0.1) to aquatic organisms in the evaluated four 
water systems. For NP1EC no RQ was calculated for the South 
China Sea as it was not found and only a low risk was calculated 

Figure 7 Measured concentration [ng/L] of NP1EC in surface (0.5-
2 m) and bottom (6-16 m) water samples of the Pearl 
River, together with salinity.

 

for the East China Sea. Yet, it does pose a medium risk to aquatic 
organisms in both rivers as it was detected in high ng/L range 
(Tables 1 and 2).

Conclusion 
The results obtained in this study validate, that both endocrine 
disrupting compounds (OC, NP1EC) occur in the Huangpu and 
Pearl River at concentrations which are comparable to other 
studies. The occurrence of both compounds in the East China 
Sea and the occurrence of OC in the South China Sea open up 
questions about a possible long half-life time and a possible 
stability in the marine environment. In case of OC, which was 
mostly found in sediment so far, this study shows that water 
phase is also of importance. Future studies should focus on the 
partitioning of OC between the water and sediment phase and a 
possible re-suspension from the sediment phase. Furthermore, 
in terms of OC studies are needed to determine, if dust events 
could be an additional source of these compounds in the open 
marine environment. 
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