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ABSTRACT:	 Alkylphenol polyethoxylate (APEO) derivatives, such as nonylphenol monoethoxylate (NP1EO), nonylphenol diethoxylate 
(NP2EO), nonylphenol (NP) and octylphenol (OP), have been detected in the surface water, sediment, food and groundwater of numerous 
countries. Because groundwater is the main source of water for pig herds, the aim of this study was to measure the concentrations of APEO 
derivatives in groundwater and blood samples that were collected from pig herds raised near the Wuluo River in Southern Taiwan. The mean 
concentrations of NP, OP, NP1EO and NP2EO in the groundwater supply for 10 pig herds were 0.04 µg/l, 0.26 ± 0.23 µg/l, 0.74 ± 0.69 µg/l and 
0.17 ± 0.22 µg/l, respectively. NP was detected in all blood samples collected from 5 of the 10 pig herds. The highest concentrations detected 
in the blood samples collected from six-week-old piglets and sows were 12.00 µg/l and 56.94 µg/l, respectively. Blood samples from 4 of the 
5 herds showed OP contamination. The highest OP concentrations detected in 6-week-old piglets and sows were 275.58 µg/l and 566.32 µg/l, 
respectively. These results indicate that APEO derivatives accumulated in the groundwater supply and the bloodstreams of the pigs.
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In recent decades, alkylphenol polyethoxylates (APEOs) 
have been used worldwide in numerous industrial and ag-
ricultural products, including detergents, paints, herbicides, 
wetting agents, cosmetics and pesticides. Nonylphenol 
polyethoxylates (NPEOs) constitute approximately 80% 
of APEOs, and octylphenol polyethoxylates (OPEOs) 
constitute the remaining 20% [14]. Almost 60% of APEOs 
are discharged into aquatic environments through sewage 
treatment plant and industrial effluents [9]. APEOs are 
degraded by bacteria under anaerobic conditions and con-
verted into shorter-chain alkylphenols, which exhibit greater 
liposolubility. APEO degradation products include nonyl-
phenol monoethoxylate (NP1EO), nonylphenol diethoxyl-
ate (NP2EO), nonylphenol (NP) and octylphenol (OP) [3]. 
These substances have been detected in various food prod-
ucts, groundwater and rivers in many countries, including 
Taiwan [1, 4, 8].

APEO derivatives can accumulate in the body through 
the intake of contaminated food and water [2]. Endocrine-

disrupting chemicals, such as NP and OP, can mimic, 
antagonize, enhance or inhibit endogenous hormones and 
can act as pseudoestrogens in vivo [5, 11]. A previous study 
reported that male fish exposed to NP and OP exhibited 
decreased reproductive capacity and vitellogenin synthesis, 
which resulted in yolk degeneration in piscine oocytes [14]. 
In addition, dogs treated with APEO mixtures exhibited 
symptoms of cardiotoxicity [12]. It has been determined that 
APEOs can reduce cytokines secretion and immunoglobulin 
synthesis in vitro [5, 17].

Because groundwater is the main source of drinking water 
for pig herds in Taiwan, a thorough investigation of endo-
crine disruptors, such as APEO derivative concentrations 
in pig blood and the groundwater supply on pig farms, is 
required. The aim of this study was to determine the preva-
lence and concentrations of APEO derivatives in the ground-
water supply for 10 pig herds located along the Wuluo River, 
which is one of the tributaries of the Kao-Ping River. The 
Kao-Ping River is the second longest river in Taiwan and 
the main source of water for the surrounding area. Blood 
samples were collected from piglets and sows in 5 of the 10 
herds; the samples were analyzed for NP and OP.

MATERIALS AND METHODS

Chemicals: The 4-n-nonylphenol and 4-octylphenol stocks 
were purchased from Aldrich Chemical Co. (Milwaukee, 
WI, U.S.A.). The 4-nonylphenol-monoethoxylate (NP1EO) 
and 4-nonylphenol-diethoxylate (NP2EO) stocks were pur-
chased from Hayashi Pure Chemical (Osaka, Japan). All 
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other HPLC-grade chemicals were purchased from Sigma 
Chemical Co. (St. Louis, MO, U.S.A.).

Sample collection: Groundwater samples were collected 
from 10 pig herds raised near the Wuluo River (Fig.  1). 
Two liters of groundwater were collected from each pig 
farm. For 5 of the 10 pig herds, blood samples (n=10) were 
randomly collected from healthy 6-week-old piglets and 
sows. Blood samples were collected from the cranial vena 
cava and deposited into vacutainers (Becton Dickinson and 
Co., Franklin Lakes, NJ, U.S.A.). After clotting, the blood 
samples were centrifuged at 1,200 g for 10 min. The serum 
was separated and stored at −20°C prior to analysis.

Pretreatment of groundwater samples: The groundwa-
ter samples were immediately passed through 1.6 µm and 
0.45  µm filters. To inhibit microbial degradation, the pH 
levels of the samples were adjusted to 2.0 by adding concen-
trated hydrochloric acid. The samples were stored at 4°C for 
a maximum of one week prior to analysis. The extractions 
were performed according to a previously published method 
[13]. The extraction cartridges (Oasis® HLB, Waters, Mil-
ford, MA, U.S.A.) were preconditioned with 10 ml dichlo-
romethane/methanol (50:50, v/v) and 5  ml methanol and 
were rinsed with 10 ml deionized water. The samples were 
then passed through a cartridge under a vacuum. The car-
tridges were washed with 10 ml deionized water and 0.4 ml 
methanol and were air dried under a vacuum for 30  min. 
The sample extracts were eluted with 8 ml dichloromethane. 
The extracts were dried via evaporation under nitrogen at 
40°C and reconstituted in 1 ml acetonitrile/deionized water 

(50:50, v/v). The extracts were passed through a 0.22  µm 
filter with a polyvinylidene difluoride (PVDF) membrane 
into sample tubes and analyzed using high-pressure liquid 
chromatography (HPLC) fluorescence.

Pretreatment of blood samples: The blood samples were 
pretreated according to a previously described method [15]. 
Subsequently, 1 ml serum was mixed with 200 µl potassium 
dihydrogen phosphate (1 M) and 8 ml methyl tertiary butyl 
ether. The supernatant was centrifuged at 3,000  rpm for 
10  min and dried via evaporation under nitrogen at 30°C. 
The extracts were reconstituted in 500 µl methanol, passed 
through a 0.22-µm filter with a PVDF membrane and ana-
lyzed using HPLC fluorescence.

Chemical analyses: The APEO derivatives were ana-
lyzed using a HPLC unit (Waters 2695 separation module) 
equipped with a fluorescence detection system (Waters 
2475 separations module). An XTerra RP18 column (4.6 × 
250  mm × 5  µm, Waters) and a Zorbax Eclipse XDB-C8 
column (4.6 × 150 mm × 5 µm, Agilent, Santa Clara, CA, 
U.S.A.) were used to analyze the groundwater samples and 
blood samples, respectively. The excitation wavelengths 
and emission wavelengths were 227 nm and 313 nm, re-
spectively. The mobile phase consisted of acetonitrile (A) 
and water (B). The following HPLC gradients were used for 
the groundwater samples: 0 to 6 min—A=70% and B=30%; 
6.8 min—A=100% and B=0%; and 16 min—A=70% and 
B=30%. The following HPLC gradients were used for the 
blood samples: 0 to 6 min—A=60% and B=40%; 6.2 to 
6.8 min—A=100% and B=0%; and 13 to 20 min—A=60% 

Fig. 1.	 Schematic of blood samples and groundwater sampling sites.
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and B=40%. A 20 µl aliquot of each sample was injected for 
analysis. The flow rate was set to 500 µl per min.

Standard curves, recoveries and detection limits: Stock 
solutions of each test chemical (NP, OP, NP1EO and NP2EO) 
were prepared by dissolving 500  mg in 1  l methanol. All 
stock solutions and mixtures were stored in the dark at 4°C. 
Working standard curves were prepared by diluting aliquots 
of the stock solutions in methanol. A recovery standard was 
added to the samples prior to extraction. The method detec-
tion limit (MDL) for the APEO derivatives in groundwater 
was 0.025  µg/l. The MDLs for NP and OP in the blood 
samples were 1 µg/l and 0.5 µg/l, respectively.

Statistical analysis: The data are described as the mean 
± standard deviation. The variation in the results among the 
groups was assessed using a t-test. The statistical signifi-
cance was defined as P value<0.05.

RESULTS

The standard curves generated for NP, OP, NP1EO and 
NP2EO were generally linear. The percent recoveries are 
listed in Table 1. The minimum recovery for all chemicals 
was 85.4%.

Table 2 lists the concentrations of four APEO deriva-
tives—NP, NP1EO, NP2EO and OP—that were detected 
in the groundwater samples. A concentration of 0.043 µg/l 
for NP was detected in only S6 sample. The majority of 
groundwater samples (90%) contained NP1EO with an aver-
age concentration of 0.74 ± 0.69 µg/l. NP2EO was observed 
in 70% of samples with an average concentration of 0.17 ± 
0.22 µg/l. OP was detected in all samples with an average 
concentration of 0.26 ± 0.23 µg/l.

The final products of APEO, NP and OP in the blood sam-
ples were analyzed. In all five pig herds, the concentration of 
NP varied between sows and piglets. The highest concentra-
tions of NP that were detected in the blood samples from 
six-week-old piglets and sows were 12.00 and 56.94 µg/l, 
respectively (Table 3). The concentration of OP, which was 
detected in four of the 5 pig herds, ranged from<MDL to 
566.32  µg/l. The highest OP concentrations in the blood 
samples of six-week-old piglets and sows were 275.58 and 
566.32 µg/l, respectively. No significant differences between 
the OP concentrations of sows and those of piglets were 
identified (Table 4).

DISCUSSION

The focus of this study was to determine the concentra-
tion of APEO derivatives in groundwater and blood samples 
collected from pig herds. APEO derivatives were instantly 
detected in the groundwater samples and the pig blood 
samples. Because groundwater is the main source of water 
for livestock and APEO derivatives are highly liposoluble 
and resistant to degradation, pigs are at risk of accumulating 
these pollutants by ingesting contaminated water.

Previous studies have shown that NP and OP primarily act 
as pseudoestrogens in vivo, which results in the feminization 
of exposed animals [5]. Rats exposed to 75 or 15 mg NP/kg/
day showed a significant reduction in the weight of the right 
epididymis [6]. APEO derivatives have been demonstrated 
to significantly influence the functions of the immune system 
and vital organs. It has also been established that NP and OP 
impair cytokine secretion in the mouse macrophage cell line 
RAW 264 after exposure of the cells to lipopolysaccharide 
[5, 17]. NP and OP can suppress the Th1 pathway and en-
hance the Th2 cell pathway, which results in an imbalanced 
Th1/Th2 system [7]. NP is capable of inducing apoptosis in 
Jurkat cells and thymocytes by activating caspase-8 and cas-
pase-3, respectively; it also causes mitochondrial depolariza-
tion [16]. OP has been shown to bind to estrogen receptors 
and modulate the activities of the mouse macrophage cell 
line [10]. The results of a canine study indicated that the oral 
administration of APEO mixtures at 40  mg/kg/day caused 
cardiotoxicity [12]. However, minimal information about the 
effects of alkylphenol accumulation in pigs is available. Ad-
ditional research is needed to evaluate the effects of APEO 
on the physical, pathological and immunological functions 
of pigs.

An analysis of pork products revealed NP concentrations 
and OP concentrations of 47.3 ± 41.4 and 3.0 ± 1.4 ng/g (wet 
weight), respectively [8], whereas higher concentrations of 
NP and OP were detected in the pig blood measured in this 
study. Because pig blood is a popular food in Taiwan and 
other Asian countries, the accumulation of NP and OP may 
result in adverse effects in humans who regularly consume 

Table 1.	 Standard curves and recovery percentages of NP, OP, 
NP1EO and NP2EO

Chemicals Equation Correlation 
Coefficient (r)

Recovery
Percentage (%)

NP y=39671 × +1066 0.999 95.7%
OP y=428580 × −324 0.999 88.1%
NP1EO y=319076 × −735 0.999 85.4%
NP2EO y=279350 × −584 0.999 89.0%

NP: Nonylphenol, OP: Octylphenol, NP1EO: Nonylphenol monoethox-
ylate, NP2EO: Nonylphenol diethoxylate.

Table 2.	 Concentrations of APEO derivatives in groundwater col-
lected from ten pig herdsa)

Herds NP NP1EO NP2EO OP
S1 <MDL 0.22 <MDL 0.34
S2 <MDL 2.27 0.05 0.10
S3 <MDL 0.55 0.06 0.05
S4 <MDL <MDL 0.21 0.12
S5 <MDL 0.67 0.11 0.08
S6 0.043 0.50 0.27 0.25
S7 <MDL 0.24 <MDL 0.24
S8 <MDL 1.63 0.69 0.44
S9 <MDL 0.61 <MDL 0.17

S10 <MDL 0.69 0.30 0.82

a) Concentrations are expressed in µg/l. NP: Nonylphenol, NP1EO: 
Nonylphenol monoethoxylates, NP2EO: Nonylphenol diethoxylates, 
OP: Octylphenol, MDL: Method detection limit.
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food containing pig blood.
A total of 18 rivers in Taiwan have been reported to be 

contaminated with NP with concentrations in the range of 
<0.01 to 5.1 µg/l [1]. More than 90% of the samples obtained 
from these rivers exceeded the predicted no-effect concen-
tration for NP (0.33 to 0.60 µg/l) (Ministry of the Environ-
ment, 2001). According to our data, NP concentrations in 
groundwater are substantially lower than the NP concentra-
tions in rivers in Taiwan. The maximum concentrations of 
NP, NP1EO, NP2EO and OP detected in Australian ground-
water were 1.50, 0.15, 0.15 and 0.04 µg/l, respectively [4]. 
With the exception of NP, all reported concentrations of 
NP1EO, NP2EO and OP in the groundwater in Australia were 
lower than those in the groundwater in Taiwan. Groundwater 
contamination by these substances is a critical public health 
issue. Although the Taiwanese government banned the use 
of NPEO in detergents in 2007, groundwater contamination 
by endocrine-disrupting chemicals remains unknown. Ad-
ditional studies are required to investigate the variation in 
groundwater contaminants over time and the potential risk.
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