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Abstract 

Endocrine disruptors are defined as exogenous agents that alter the function of endocrine system, which in turn, 
causes adverse health effects in an intact organism or its progeny. Of these compounds, 17β-estradiol is of 
primary importance, since it is physiologically present in both men and women, as well as, being produced 
synthetically as a component in some pharmaceutical products. Once it reaches the aquatic environment through 
domestic sewage, ground water and streams, it makes a serious threat to the aquatic life. The review tackles the 
biological significance of these compounds as well as the danger that they present to the surrounding 
environment, areas at which these compounds have been detected worldwide, the methods used in detection and 
fundamentally significant solutions to get rid of this hazard using different methods such as; the bioremediation 
process.  
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1. Introduction 

The presence and effect of pharmaceutical compounds in the aquatic ecosystems has been one of the emerging 
concerns to the environment. One of these EDCs is E2, which has been a matter of delving since the 30s (Cook et 
al., 1934; Tawfic, 2006). The major sources of aquatic contamination by E2 are excretion from female human 
bodies and live stocks (Narender & Cindy, 2009), and synthetic estrogenic chemicals. Reaching aquatic systems, it 
may lead to severe damaging effects to the aquatic organisms’ reproductive system, and reduction of the total 
aquatic reproduction (Versteeg et al., 2005). 

1.1 Estrogenic Pharmaceutical Residues 

Pharmaceuticals are in fact a group of a large list of rising contaminants that have been detected around the globe 
and used largely in up to tons per year (Boxall, 2004). They have been found in waste water, surface and 
groundwater, and drinking water. The most familiar source by which these compounds bust in the environment is 
via treated and untreated wastewater, or via urban or agricultural runoff (Shane et al., 2011).  

The effect of these pharmaceuticals on the environment can be clearly demonstrated through the following 
examples; very tiny concentrations of 17α-ethynylestradiol and fluoxetine were able to cause a remarkable decline 
in the growth rates for Physa pomilia snails (Luna et al., 2013), traces of Clotrimazole that are similar to those 
present in nature rendered the algal 14α-demethylase unfunctional in laboratory trials (OSPAR-Commission, 2013) 
and diclofenac in low amounts (1 ug/L) caused deleterious effects on the kidney and intestine of the rainbow trout 
(Mehinto et al., 2010).  

Most organisms that live in the sea have an innate phenomenon called “Smellscape”; where these organisms use 
the natural chemicals present in the sea for signalling and other functions. As a matter of fact, many 
pharmaceuticals were found to have a disruptive effect on this process, owing to their structural likeliness to the 
original compounds (Klaschka, 2008). 

Generally, pharmaceuticals and compounds derived from personal care products (PCPs), such as antibiotics, 
caffeine, contraceptives, chemotherapeutics, narcotics and painkillers, are all found in urban streams. In fact, once 
these compounds are released into the aquatic environment, they are diluted, to solids, degraded biologically or 
by photolysis. Some compounds can persist and can be available in drinking water even after treatment. 
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In female organisms, E2 is produced basically by the developing follicle of the ovary. But in male organisms, the 
role of E2 is not fully clear though it appears to be indulged in the control of gonadotropin secretion (Haring et al., 
2012). E2 was believed to have an inhibitory effect on the pituitary gonadotropin hormone either by direct 
inhibition or by indirect inhibition of the Gonadotropin-releasing-hormone (GnRH) (Sandeep et al., 2011; Ten 
Kulve et al., 2011). 

It was found that the antioxidant activity of E2 and other steroid hormones play a role in the neuronal protection in 
neuronal cells; hence, E2 may have implications for the prevention and treatment of Alzheimer (Xu et al., 2016). 
The latter indicated that the neuronal protection afforded by E2, and which may help in the prevention of 
Alzheimer’s disease, was estrogen receptor-independent. 

Estradiol, as well as, the other estrogens has an important influence on big animals' growth, therefore, it is added to 
progesterone or testosterone in cattle feeding to boost the cattle’s mass. 

In plants, E2 and esterone were found to be able to improve chickpea plant growth and play a key role in 
controlling its biochemical parameters to survive under harsh conditions (Erdal & Dumlupinar, 2011).  

2. Extraction and Detection of E2 

There are different methods to determine E2 and other similar compounds; chemical method used for 
identification and quantification, and bio analytical method for evaluation of the compounds’ activity (Birkett & 
Lester, 2003) in Table 1. The most common bio monitoring method to identify the exposure of E2 in the aquatic 
systems is Vitellogenin (Vtg) (Seifert et al., 2003; Navas & Segner, 2006) which is a phospholipoprotien egg yolk 
protein found in juvenile and male fish (Denslow et al., 1999) and spiggin which is the androgen-induced glue 
protein in stickleback (Katsiadaki et al., 2002; Hahlbeck et al., 2004). 

Analysis of estradiol and other estrogens is commonly achieved by HPLC or GC. However, LC-MS and GC-MS 
are more accurate techniques that have been used in recent years. Different extraction protocols, using Soxhlet 
extraction (Petrovic et al., 2001) sonication, supercritical fluid extraction (SFE), accelerated solvent extraction 
(ASE) (Petrovic et al., 2001) or microwave- assisted extraction (MAE), have been established for these 
compounds, before application of any of these analysis instruments as shown in Table 1. Generally, a complete 
chromatographic separation is achieved on a C18 column when applied on HPLC or LC-MS.  

 

Table 1. Summary of common extraction and detection methods of 17β-estradiol 

Source Extraction and analysis technique  Reference  

Water ELISA (Tanaka et al., 2004) 

Solid phase extraction/ELISA (Matsumoto et al., 2005)  

molecularly imprinted polymer/HPLC (Le Noir et al., 2007)  

Gas chromatography-mass spectrometry (Kosjek et al., 2007)  

Pre concentrated on LiChrolut RP-18 cartridges/(SPE)/LC-MS (Rodriguez-Mozaz et al., 2004)  

Pre concentration centrifugation/HPLC-UV (Wang et al., 2006)  

Separation on Zorbax SB-CN/LC-UV (Havlíková et al., 2006)  

SPE with Oasis/(LC-(ESI)MS-MS) (Pedrouzo et al., 2009)  

EDS-1 cartridge using Aqua Trace Automatic SPE system/LC-MS-MS (Isobe et al., 2003)  

SPE/LC-ESI-MS (Rodriguez-Mozaz et al., 2004)   

SPE/ELISA (Hintemann et al., 2006)  

HPLC fluorescence (Panter et al., 2006)  

Chip separation utilizing micellarelectrokinetic chromatography (MEKC) (Collier et al., 2005)  

Soil Soxhlet extraction in methanol/GC-MS (Petrovic et al., 2001)   

Dionex, Thermo-stated Column Compartment TCC-100/HPLC (Scherr et al., 2009) 

Fish SEP/non-radioactive HPLC (Delvoux et al., 2007)  

Pre-column TMS/GC-MS (Zou et al., 2007)  

 

The advantage of using HPLC over GC is avoiding two steps occur in GC; the enzymatic hydrolysis step and the 
derivatization step. The enzymatic hydrolysis step is significant in GC for the immunoassay analysis of conjugated 
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and unconjugated estrogens and progestogens, and the derivatization step that usually precedes a subsequent GC 
analysis is avoided (Petrovic et al., 2001). 

However, the clean-up step for both GC and HPLC techniques is commonly dependent either on solid phase 
extraction (SPE) or on solid liquid adsorption chromatography in open columns using a miscellany of adsorbents. 
The most commonly used for column chromatography are modified Silica, Florisil, Alumina and different types of 
carbon are predominantly used for column chromatography whilest C18, NH2 or CN modified are more 
widespread among SPE. 

3. Global Detected Levels of E2 and Estrogenic Residues 

E2 was detected in many locations worldwide; the investigation proved its presence in drinking water is very 
harmful to humans (Caldwell et al., 2009). Similar contamination was also reported in the west bank, within realm 
of possibility of pollution by sewage water, and along the Jordan River close to drainage (Barel-Cohen et al., 
2006). 

Different monitoring studies have detected different levels of a wide range of pharmaceuticals, including 
hormones, steroids, and antibiotics in soils, surface waters and groundwater (Hirsch et al., 1999; Kolpin et al., 
2002). E2 and its derivatives were determined in marine environments, drinking waters and rivers in various 
streamlined countries even where tremendous safety measures of water and environmental safety are considered. 
For instance, in India, pharmaceutical residues were detected in the effluent in wastewater treatment plant (Larsson 
et al., 2007). Also in USA, 12 similar compounds and personal care products (PCPs) have been detected to 
discharge in the Mississippi river waters in New Orleans, Louisiana (Zhang et al., 2007). 

Also, it was detected in the surface waters in Germany, Italy, Netherlands and the United Kingdom with levels 
ranged between 5.5 and 12 ng/L. The utmost of the reported concentrations so far range from the lowest quantity of 
a substance that can be detected to around 4 ng/L (Kolodziej et al., 2003). Yet, the metabolite of estradiol, estrone, 
was detected at concentrations up to 17 ng/L. 

Although studies in the UK have did not detect estrogenic compounds in drinking water (Harries et al., 1996; 
Harries et al., 1997), they were detected in raw domestic sewage discharged into rivers (Desbrow et al., 1998; 
Rujiralai et al., 2011) and waste water in South Korea in ranges of 1.2-10.7 ng L-1 (Ra et al., 2011), China (Liu et al., 
2011; Lu et al., 2011; Zhou et al., 2011), The Netherlands (Belfroid et al., 2006), Italy (Pojana et al., 2004; Pojana 
et al., 2007), Germany (Körner et al., 2001; Matsumoto et al., 2005; Hintemann et al., 2006) and was also detected 
in the drinking water in some parts of USA (Caldwell et al., 2009), as summurized in Table 2.  
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Table 2. Selected worldwide detected levels of estrogens 

Type Conc. Source 

Fish and Crustaceans 4.57 μg/kg Japanese mackerel (Zou et al., 2007) 

96 μg/kg Snails (Elnwishy et al., 2012) 

36 μg/kg Catfish (Elnwishy et al., 2012) 

Nd Tilapia (Elnwishy et al., 2012) 

4.63 μg/kg Crucian (Zou et al., 2007)   

0.08 mg/g Tilapia (Jiang et al., 2009) 

4.7 μg/kg Greasy-back shrimp (Zou et al., 2007) 

0.0783 mg/g Prawn (Jiang et al., 2009) 

26.4-77.1 ng/L Surface water (Hintemann et al., 2006) 

4.1 × 103 ng/L Sewage (Zhou et al., 2011) 

12 ng/L Effluent from (STP) (Rujiralai et al., 2011) 

Nd Waste water (Liu et al., 2011) 

1.2-10.7 ng/L WWTP (Ra et al., 2011) 

75.2 ng/L bottled mineral water, Germany (Wagner & Oehlmann, 2009) 

0.8-150 ng/L Water, Netherlands (Vethaak et al., 2005) 

0.06-67 pM River water, Japan (Matsumoto et al., 2005) 

1-191 ng/L effluents from sewage treatment plants (Pojana et al., 2004) 

Sediment 200 pg/g Fresh water sediment (Petrovic et al., 2001) 

0.3 μg/kg Lake Temsah (Elnwishy et al., 2012) 

0.9-2.6 ng/g River sediment (Gong et al., 2011) 

3.1-289 μg/kg Sediment (Pojana et al., 2004) 

Big animals 4-28 ng/g Cattle Manure (Andaluri et al., 2011) 

104-262 μg/kg Dairy cattle feces (Wei et al., 2011) 

45-926 μg/kg Beef cattle feces (Wei et al., 2011) 

40 pgm/L Male  bovine (Biddle et al., 2007) 

44 pgm/L Females bovine (Biddle et al., 2007) 

 

Also, it was detected in prawn and fish(Jiang et al., 2009), Japanese Spanish mackerel Scomberomorus niphonius, 
bivalves and snails (Zou et al., 2007), and in shellfish in France (Lagadic et al., 2007). Estrogens were detected in 
Llobregat catchment area in Spain in water samples at low levels between 2-5 ng L-1 (Brix et al., 2010). 
Furthermore, in Spain, detection was reported in sediments of rivers (Petrovic et al., 2001; Lopez et al., 2002; 
Gong et al., 2011). Lately, it was detected for the first time in Egypt (Elnwishy et al., 2012). 

4. Impact of 17β-Estradiol and Other Estrogens on Aquatic Life 

Despite the presence of these synthesized compounds in tiny amounts in the environment, the impact of their 
traces is very huge on marine animals and on homo-sapiens (Hansen et al., 1998). Synthesized estrogens have 
been suggested as one of the major groups of substances that cause endocrine disruption in wildlife (Lee & Liu, 
2002), yet, there is not much information on the effect of these estrogens on the environment in spite of their 
ultimate impact on the ecosystem. 

These estrogenic substances can affect the oestrous cycle and cause infertility and weak estrogenic activity that 
would affect the female reproductive tract of fish, rodents and livestock (Burton & Wells, 2002).  

The presence of E2 with concentrations even lower than 1 ng/L in the aquatic environment can cause infertility, 
reduce estrogenic activity of fish females (Burton & Wells, 2002), induce hermaphroditism of aquatic organisms 
(Mills & Chichester, 2005) and change detectable habits which may change reproductivity of fish (Denslow & 
Sepúlveda, 2007). 

Estrogens, including E2, are transferred to the aquatic life via direct discharge of wastewater into aquatic systems. 
The application “Agro-industrial effluent for microalgae cultivation used for feeding fish” (Cheunbarn & 
Cheunbarn, 2015), is also another method to transfer these pollutants to fish. When E2 reaches the marine 
environment, it may be bio-transformed, bio-concentrated (Lai et al., 2002a) and/or accumulate in marine animals 
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(Lai et al., 2002b; Gomes et al., 2004) through the food chain. In fact, feeding fish on algae cultured on 
wastewater can even increase the content of E2 level in fish by 3% (Meng-Umphan, 2009). Eventually, the 
environmental safety, the health of both marine living organisms and humans might be threatened. The danger of 
estradiol encouraged EPA to frequently monitor these hormones to the most accurate levels (EPA, 2012).  

The estrogenic effects of E2 appear to be the most compelling mechanism of endocrine disruption and affect fish in 
both fresh water and marine environments (Matthiessen et al., 2002). It leads to improper expression of egg 
proteins; vitellogenin, and zonaradiata proteins (Knoebl et al., 2004). Furthermore, semantic modulation of 
secondary sexual structures may be noticed (Kirby et al., 2003). Several effects were found on aquatic creatures, 
including reproductive effects on Roach (Rutilus rutilus) (Jobling et al., 2002), (Pomatoschistus minus) (Kirby et 
al., 2003; Robinson et al., 2004), and sand goby (Kirby et al., 2003). Moreover, disruption of growth hormone and 
prolactin mRNA expression in the rainbow trout (Elango et al., 2006) and changing vitellogenin level in adult male 
zebra fish (Andersen et al., 2006) were also reported. 

In fact, vitellogenin and cyp19b gene expression in zebra fish, were found to be affected by E2 during early 
embryogenesis and organogenesis (Wang et al., 2011). Mussels were also tested in vivo by being injected E2 in the 
presence of Chlorpyrifos (a common pesticide). They were found to be subjective by an internal interaction 
between both of them in the digestive gland (Canesi et al., 2011). 

A laboratory study and field surveys were carried out in UK by Allen et al. (1999) on euryhaline flounder 
(Platichthys flesus) to evaluate the presence of biological responses in fish to the amount of estrogens and their 
alternatives in water, and to discover whether the effects are likely to be harmful to populations. They used yolk 
protein vitellogenin as an indicator of exposure to estrogens in. male fish. They revealed that synthetic estrogens 
had a decreased effect on the vitellogenin response in Platichthys flesus than the freshwater species rainbow 
trout. 

In fact, E2 as well as other estrogens are also able to change immune parameters of fish with functional 
consequences on their ability to cope with pathogens as reported by (Wenger et al., 2011) on his study on 
rainbow trout (Oncorhynchus mykiss). 

Actually, (Denslow & Sepúlveda, 2007) reported that exposure of fish to endocrine disrupting chemicals can affect 
fish in different ways. Sexually differentiated exposure of fish to endocrine disrupting chemicals causes a clear 
subsidence in the bioavailability of sex hormones and gonadotropins; this consequently leads to impaired gonadal 
development, altered reproductive behaviors, and decreased fecundity and fertility.  

Also in females, reduction of production of E2 leads to modifications in vitellogenesis. This ends up by detrimental 
effects on oogenesis and egg quality, ultimately leading to developmental abnormalities, increased embryo and sac 
fry mortality, and even spawning inhibition. These reproductive changes are usually reversible (activational) with 
animals. So animals are capable of returning back to normal after the exposure finishes. But exposure during the 
period of sex differentiation can result in irreversible structural (organizational) changes leading to modified 
reproductive produce and permanent (irreversible) masculinization or feminization of fish. This effect is expected 
to be magnified with recycling contaminated water in fish farms. The recycling appears to be appealing owing to 
its economic efficiency, but unfortunately, (Elnwishy, 2008). It may also lead to higher concentrations of E2 into 
second rounds of water recycling in farming.  

In 1999, a study on Mersey estuary fish revealed that approximately 20% of male fish contained oocytes in their 
testes, but it was not seen elsewhere in UK (Allen et al., 1999). Actually, in Denmark, investigations on intersex 
showed that male fish in some areas were affected by contaminated wastewater discharges had intersex 
percentages between 5 and 11% (Jobling et al., 2002; Bjerregaard et al., 2006).  

Therefore, this intersex feature and Vitellogenin changes in fish have been used as biomarkers for estrogenic 
exposure in the environment (Bjerregaard, 2012).  

Also, (Brown et al., 2004) conducted a study, in which they found that E2 disrupts growth hormone and plasma 
insulin-like growth factor (IGF-I) concentrations in salmon. These effects are ecologically significant for survival 
of wild salmon even if unveiled to a little concentration. However, regardless of how small the amount of E2 is, 
aquatic organism would be able to survive though their internal function is not fully normal (Elnwishy et al., 2007). 
Thus, it was also suggested that it reduces hepatic sensitivity to growth hormone, peripheral production of 
insulin-like growth factor (Norbeck & Sheridan, 2011) in rainbow fish and vitellogenin induction, and a 
physiological response consistent with exposure to estrogenic compounds (Barber et al., 2011).  
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On the other hand, very few reports indicate that treatment of fish with E2 did not cause any change in growth or 
survival of sword tail fish Xiphophorus hellerii (Saeed et al., 2012a) or Green Tiger Barb Fish Puntius tetrazona 
(Saeed et al., 2012b). 

Even algae were found to be a host environment for these compounds in higher trophic levels (Mason et al., 
1996; Pflugmacher et al., 1999) via bio-concentration and bio-magnification, due to their substantial biomass, 
extensive range of habitat.  

5. Impact of E2 and Estrogens on Humans 

Estradiol can act as natural estrogens in human bodies by binding to estrogen receptors in the endocrine system 
(Ra et al., 2011). Some of these chemicals are suspected to cause human infertility or influence the development 
of children, or harm the reproductive processes (Guillette & Gunderson, 2001). In addition, some of these 
compounds can accumulate in sediment from where they can exert negative impacts on aquatic food webs 
(MPCA, 2008 ).  

It is believed that the accumulation of estrogens in a human body has a role in breast carcinogenesis (Yaghjyan & 
Colditz, 2011) and prostate cancer (Giese, 2003; Eliassen & Hankinson, 2008). Estradiol and other estrogens were 
also reported to increase proliferation of breast epithelium and stroma. Consequently, the chances of mutation 
increase in rapidly proliferating epithelium (Russo et al., 2002; Russo et al., 2006; Pattarozzi et al., 2008). 

High amount of E2 is produced in female bodies via secretion result in production of enormous follicles in women 
and sudden decline in estrogen level because E2 is secreted from cumulus oophorus, resulting in poor-quality 
oocytes and embryos, lower fertilization, and higher miscarriage rates (Colakoglu et al., 2011). 

It seems that the levels of E2, progesterone, cortisol and DHEA were found to be significantly high in patient of 
burning mouth syndrome (Kim et al., 2012).  

6. Degradation and Removal of E2 and Estrogens 

The natural estrogens including 17β-estradiol are not a persistent compound and could be degraded by sewage 
bacteria in aerobic and anaerobic conditions (Lee & Liu, 2002). Therefore, attention was directed towards 
developing possible methodologies for purification of water via phytoremediation (Imai et al., 2007) and 
biodegradation (Joss et al., 2004; Takeshi et al., 2004; Scherr et al., 2009) to eliminate these compounds from the 
water bodies.  

Bacteria were the most recommended bioremediation method. In 2002, Fujii et al. (2002) isolated a new 
Novosphingobium species as a 17β-estradiol degrading bacterium from activated sludge in a sewage treatment 
plant in Japan, and proved that no toxic products were reproduced and accumulated in the medium.  

Aerobic and anaerobic experiments made by (Lee & Liu, 2002) on the persistency of 17β-estradiol and its 
metabolites were intriguing. They used bacteria from activated sludge from a local sewage treatment plant in 
Canada. Their study depicted that E2 and the metabolites were not enduring and could be rapidly degraded by the 
used sewage bacteria. No other stable degradation products were noticed as shown in Figure 2. 

 

 

 

 



jas.ccsenet.

 

Different b
and Bacill
hours (Eln
and ethiny
suggested 
Another ba
within 18 h
Flavobacte
Novosphin
Sphingomo
well as es
Bacillus sp

In 2004, i
activated 
referring t
ammonia-o
ammonia-o
al., 2004).
continuous

Generally,
the degrad
biodegrada
metabolite

It is repeat
as activate
Neverthele

It was rep
metabolite
2002). Lat
with E2 a
resulting i
derivatives

org 

Fig

bacteria were d
lus sp. were fo
nwishy et al., 2
yl estradiol (Yo

as E2 degrad
acterium (not n
hours. Many o
erium, Micro

ngobium speci
onas sp. and R
strone, estriol,
pp., isolated fr

it was possible
sludge and am
that although 
oxidizing bac
oxidizing bact
. Later, the sa
s flow algae an

 it is not yet cl
dation pathwa
ation process 
e (Lee & Liu, 2

tedly mentione
ed sludge (Tern
ess, the pathwa

ported earlier 
e was observed
ter, (Kurisu et 
and then put t
in the accumul
s of E2 and fiv

gure 2. Propos

discovered to b
ound successfu
012). Rhodoco

Yoshimoto et al
ding capable st
named) was re

other species w
obacterium, N
ies (Fujii et a
Rhodococcus (
 16α-hydroxy

rom activated s

e to remove e
mmonia-oxidiz
E2 can be d

cterium, but t
teria. This sugg
ame compoun
nd duckweed p

lear how E2 is
ay (Christoph 
at the hydrox

2002).  

ed in studies th
nes et al., 1999
ays of bacteria

that during th
d. The frequenc
al., 2010) con
the meta-cleav
lation of interm
ve other metab

Journal of A

ed degradation

be able to degr
ful estradiol de
occus zopfii, co
l., 2004). Actu
trains which d
eported by (Le

were also found
Nocardioides,
al., 2002), AR
(Kurisu et al.,

yestrone, 2-me
sludge, was als

estrogens, estro
zing bacterium
degraded to e
this might ha
gestion is due 
ds were succe
ponds (Shi et a

s degraded. Ye
& Juliane, 2

xyl group at C

hat oxidation o
9) and also can 
a-mediated deg

he very early 
cy of its occurr
ducted a study
vage inhibitor 
mediate degra
olites.  

Agricultural Sci

154 

n pathway of e

rade 17β-estrad
egrading bacte
ould completel
ually, Rhodoco
degrade estrad
e & Liu, 2002

d efficient such
Rhodococcus

RI-1 and KC8 
2010). In fact

ethoxy-estrone
so found effect

one, 17β-estra
m Nitrosomon
estrone in the 
ave been beca
to absence of 
essfully remov
al., 2010).  

et, oxidation of
2009). This ox

C-17 (ring D) 

of E2 to estron
occur in purif

gradation are n

stage (1-5 hr.)
rence was not r
y to identify E2

“3-chlorocate
adation produc

ience

estrone (Lee &

diol successful
eria, by 57% a
ly degrade 100
occus equi, an
diol within 24 
) to be able to 

h as Aminobact
s, and Sphin
strains, as in

t, some bacteri
, and 2-metho
tive in degradi

adiol, and estri
naseuropaea. I

presence of 
ause of other 
estrone during
ved from wat

f E2 to estrone
xidation was 
of E2, leadin

e occurs both 
fied bacterial cu
not yet fully we

) of E2 degra
really as detect
2 metabolites; 
echol” to inhib
cts. In 3 hours

 

& Liu, 2002) 

lly. For instanc
and 37%, resp
0 mg/L of E2 p
nd Rhodococcu

hours (Yoshim
completely de

ter, Brevundim
ngomonas (Y

ndicated by (R
ia are capable 
oxyestradiol (L
ing E2 (Jiang e

iol, from the w
In fact, there 
nitrifying act
heterotrophic

g the degradati
er when they 

e is accepted to
suggested to 

ng to the form

in complex cu
ultures (Chang
ell understood

adation by the
table as that of 
they incubate
bit benzene ri
, they detected

Vol. 8, No. 10;

ce, Enterobacte
pectively, withi
plus estrone, es
us zopfii were 
moto et al., 2
egrade 20 mg o
monas, Escheri
Yu et al., 2
Roh & Chu, 2
of degrading E
Lee & Liu, 2
et al., 2010).

water by nitrif
was a sugge

tivated sludge
c bacteria, no
ion intervals (S

were treated 

o be the first st
be initiated in

mation of the m

ulture systems, 
g-Ping et al., 2
.  

e culture, unkn
f estrone (Lee &
d resting ED8 
ing meta-cleav
d the trimethy

2016 

er sp. 
in 12 
striol, 

both 
004). 
of E2 
ichia, 
007), 
2010) 
E2 as 
002). 

fying 
estion 
e and 
ot by 
Shi et 

with 

ep of 
n the 
major 

such 
007). 

nown 
& Liu, 

cells 
vage, 
lsilyl 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

155 

In the natural environment, different factors may be involved in the degradation process by bacteria, such as: 
degradation in the anaerobic river sediments which is more rapid than in the anaerobic marine sediments (Lopez et 
al., 2002; Tyler et al., 2005; Czajka & Londry, 2006; Christoph & Juliane, 2009), salinity factor that makes E2 
more resistant to degradation, or failing of marine microorganism to involve in biodegradation of E2 are all 
possible factors. 

Anaerobic biodegradation is less energy efficient than aerobic biodegradation, so the aerobic degradation of E2 is 
much faster (Lee & Liu, 2002). After a 22 hours contact of E2 with a culture containing sewage treatment plants, 
two-thirds of the spiked E2 (200 μg L-1) was oxidized to estrone. The spiked 17β-estradiol was completely 
removed within 18 hours.  

Activated sludge from wastewater treatment plants were used to isolate two strains of Rhodococcus as estrogens 
degraders (Yoshimoto et al., 2004). Strain Rhodococcus zopfii completely and rapidly degraded 100 mg of 
17β-estradiol, estrone, estriol, and ethinylestradiol/liter, the other was Rhodococcus equi, showed degradation 
activities comparable with Rhodococcus zopfii. Rhodococcus zopfii showed the highest activity, because it 
selectively degraded 100 mg/L of E2, even when glucose was used as a readily utilizable carbon source in the 
culture medium after 24 h.  

Later, genera Aminobacter, Brevundimonas, Escherichia, Flavobacterium, Microbacterium, Nocardioides, 
Rhodococcus, and Sphingomonas were isolated from activated sludge of a wastewater treatment plant as well (Yu 
et al., 2007). These bacteria converted E2 to estrone, but only Brevundimonas and Sphingomonas showed the 
ability to degrade estrone.  

Actually Sphingomonas seems to be an effective E2 degrader, thus it was examined and even tested for its genome 
sequence (Anyi et al., 2011). This step can lead to identifying the gene responsible for E2 degrading or resistance 
in the future. Also, Novosphingobium sp., (ARI-1) and KC8 were able to remove testosterone, 17β-estradiol and 
estrone at the same time from wastewater rapidly when it is grown on complex nutrients containing 17β-estradiol 
(Roh & Chu, 2010).  

However, Novosphingobium sp. is a common estrogen-degrader which has no ability to degrade estrone after it is 
grown on a nutrient-estrogen-free medium for 7 days, while strain KC8 would still be able to degrade both 
17β-estradiol and estrone after growing on the same medium for 15 days.  

They also detected concentrations of strain KC8 2-3 times higher than those of strain Novosphingobium sp. in 
the waste water treatment plants, which led them to suggest that strain KC8 is an ever-present strain in waste 
water treatment plants and might be very significant in estrogen removal.  

7. Conclusion 

The emerging water pollution with 17β-estradiol―endocrine disrupting chemical―is present in most of 
organism in the environment leading to higher concentrations in human bodies. The impact of this pollutant on 
the environmental ecosystems and human welfare are equally dangerous. Though efforts on removal 
17β-estradiol have been carried out, further investigations on environmentally friendly alternative component 
should be considered. 

References 

Allen, Y., Scott, A. P., Matthiessen, P., Haworth, S., Thain, J. E., & Feist, S. (1999). Survey of estrogenic activity 
in United Kingdom estuarine and coastal waters and its effects on gonadal development of the flounder 
Platichthys flesus. Environmental Toxicology and Chemistry, 18(8), 1791-1800. http://dx.doi.org/10.1002/ 
etc.5620180827 

Andaluri, G., Suri, R., & Kumar, K. (2011). Occurrence of estrogen hormones in biosolids, animal manure and 
mushroom compost. Environmental Monitoring and Assessment, 1-9.  

Andersen, L., Goto-Kazeto, R., Trant, J. M., Nash, J. P., Korsgaard, B., & Bjerregaard, P. (2006). Short-term 
exposure to low concentrations of the synthetic androgen methyltestosterone affects vitellogenin and steroid 
levels in adult male zebrafish (Danio rerio). Aquatic Toxicology, 76(3-4), 343-352. http://dx.doi.org/ 
10.1016/j.aquatox.2005.10.008 

Anyi, H., Jibing, H., Kung-Hui, C., & Chang-Ping, Y. (2011). Genome Sequence of the 17β-Estradiol-Utilizing 
Bacterium Sphingomonas Strain KC8. Journal of Bacteriology, 193(16), 4266-4267. http://dx.doi.org/ 
10.1128/JB.05356-11 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

156 

Barber, L. B., Brown, G. K., Nettesheim, T. G., Murphy, E. W., Bartell, S. E., & Schoenfuss, H. L. (2011). 
Effects of biologically-active chemical mixtures on fish in a wastewater-impacted urban stream. Science of 
The Total Environment, 409(22), 4720-4728. http://dx.doi.org/10.1016/j.scitotenv.2011.06.039 

Barel-Cohen, K., Shore, L. S., Shemesh, M., Wenzel, A., Mueller, J., & Kronfeld-Schor, N. (2006). Monitoring 
of natural and synthetic hormones in a polluted river. Journal of Environmental Management, 78(1), 16-23. 
http://dx.doi.org/10.1016/j.jenvman.2005.04.006 

Belfroid, A. C., Schrap, S. M., & De Voogt, P. (2006). Occurrence of estrogenic hormones, bisphenol-A and 
phthalates in the aquatic environment of The Netherlands. In A. D. Vethaak, et al. (Ed.), Estrogens and 
xenoestrogens in the aquatic environment: An integrated approach for field monitoring and effect 
assessment (pp. 53-75).  

Biddle, S., Teale, P., Robinson, A., Bowman, J., & Houghton, E. (2007). Gas chromatography-mass 
spectrometry/mass spectrometry analysis to determine natural and post-administration levels of oestrogens 
in bovine serum and urine. Analytica Chimica Acta, 586(1-2), 115-121. http://dx.doi.org/10.1016/ 
j.aca.2006.10.044 

Birkett, J. W., & Lester, J. N. (2003). Endocrine Disrupters in Wastewater and Sludge Treatment Processes (1st 
ed., February 28, 2003). IWA Publishing (Intl. Water Assoc.). 

Bjerregaard, L., Korsgaard, B., & Bjerregaard, P. (2006). Intersex in wild roach (Rutilis rutilis) from Danish 
sewage effluent-receiving streams. Ecotoxicology Environmental Safety, 64, 321-328. http://dx.doi.org/ 
10.1016/j.ecoenv.2005.05.018 

Bjerregaard, P. (2012). Estrogen mimicking effects of xenobiotics in fish. Acta Veterinaria Scandinavica, 
54(Supl. 1), 1-2. http://dx.doi.org/10.1186/1751-0147-54-S1-S12 

Boxall, A. B. A. (2004). The environmental side effects of medication. EMBO Rep, 5(12), 1110-1116. 
http://dx.doi.org/10.1038/sj.embor.7400307 

Brix, R., Postigo, C., Gonzà¡Lez, S., Villagrasa, M., Navarro, A., Kuster, M., … Barcelà, D. (2010). Analysis and 
occurrence of alkylphenolic compounds and estrogens in a European river basin and an evaluation of their 
importance as priority pollutants. Analytical and Bioanalytical Chemistry, 396(3), 1301-1309. 
http://dx.doi.org/10.1007/s00216-009-3358-8 

Brown, M., Robinson, C., Davies, I. M., Moffat, C. F., Redshaw, J., & Craft, J. A. (2004). Temporal changes in 
gene expression in the liver of male plaice (Pleuronectes platessa) in response to exposure to ethynyl 
oestradiol analysed by macroarray and Real-Time PCR. Mutation Research/Fundamental and Molecular 
Mechanisms of Mutagenesis, 552(1-2), 35-49. http://dx.doi.org/10.1016/j.mrfmmm.2004.06.002 

Burton, J. L., & Wells, M. (2002). The effect of phytoestrogens on the female genital tract. Journal of Clinical 
Pathology, 55(6), 401-407. http://dx.doi.org/10.1136/jcp.55.6.401 

Caldwell, D. J., Mastrocco, F., Nowak, E., Johnston, J., Yekel, H., Pfeiffer, D., … Anderson, P. D. (2009). An 
Assessment of Potential Exposure and Risk from Estrogens in Drinking Water. Environmental Health 
Perspective, 118(3). http://dx.doi.org/10.1289/ehp.0900654 

Canesi, L., Negri, A., Barmo, C., Banni, M., Gallo, G., Viarengo, A., & Dondero, F. (2011). The 
organophosphate Chlorpyrifos interferes with the responses to 17beta-estradiol in the digestive gland of the 
marine mussel Mytilus galloprovincialis. PLoS One, 6(5), e19803. http://dx.doi.org/10.1371/journal. 
pone.0019803 

CAPMAS. (2016). Central Agency for Public Mobilization and Statistics: Egypt in Figures, 3. 

Chang-Ping, Y., Hyungkeun, R., & Kung-Hui, C. (2007). 17β-Estradiol-Degrading Bacteria Isolated from 
Activated Sludge. Environmental Science & Technology, 41(2), 486-492. http://dx.doi.org/10.1021/ 
es060923f 

Chetrite, G. S., Cortes-Prieto, J., Philippe, J. C., Wright, F., & Pasqualini, J. R. (2000). Comparison of estrogen 
concentrations, estrone sulfatase and aromatase activities in normal, and in cancerous, human breast tissues. 
Journal of Steroid Biochemistry and Molecular Biology, 72(1-2), 23-27. http://dx.doi.org/10.1016/ 
S0960-0760(00)00040-6 

Cheunbarn, T., & Cheunbarn, S. (2015). Cultivation of Algae in Vegetable and Fruit Canning Industrial 
Wastewater Treatment Effluent for Tilapia (Oreochromis niloticus) Feed. Survival, 1(F2), 100. 
http://dx.doi.org/10.17957/ijab/17.3.14.502 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

157 

Chimento, A., Sirianni, R., Casaburi, I., & Pezzi, V. (2014). Role of Estrogen Receptors and G Protein-Coupled 
Estrogen Receptor in Regulation of Hypothalamus-Pituitary-Testis Axis and Spermatogenesis. Front 
Endocrinol, 5, 1-5. http://dx.doi.org/10.3389/fendo.2014.00001 

Christoph, M., & Juliane, H. (2009). Microbial Degradation of Steroid Hormones in the Environment and 
Technical Systems. Lecture. Retrieved from http://www.ibp.ethz.ch/research/aquaticchemistry/teaching/ 
archive_past_lectures/term_paper_08_09/HS08_CHRISTOPH_MOSCHET_rev_termpaper.pdf 

Colakoglu, M., Toy, H., Icen, M. S., Vural, M., Mahmoud, A. S., & Yazici, F. (2011). The impact of estrogen 
supplementation on IVF outcome in patients with polycystic ovary syndrome. Abstracts of the 27th Annual 
Meeting of the European Society of Human Reproduction and Embryology, Stockholm, Sweden, 3-6 July. 

Collier, A., Wang, J., Diamond, D., & Dempsey, E. (2005). Microchip micellar electrokinetic chromatography 
coupled with electrochemical detection for analysis of synthetic oestrogen mimicking compounds. 
Analytica Chimica Acta, 550(1-2), 107-115. http://dx.doi.org/10.1016/j.aca.2005.06.053 

Cook, J. W., Dodds, E. C., Hewett, C. L., & Lawson, W. (1934). The oestrogenic activity of some 
condensed-ring compounds in relation to their biological activities. Proc. Roy. Soc. Lond., 114, 272-286. 
http://dx.doi.org/10.1098/rspb.1934.0006 

Czajka, C. P., & Londry, K. L. (2006). Anaerobic biotransformation of estrogens. Science of the Total 
Environment, 367(2-3), 932-941. http://dx.doi.org/10.1016/j.scitotenv.2006.01.021 

Delvoux, B., Husen, B., Aldenhoff, Y., Koole, L., Dunselman, G., Thole, H., & Groothuis, P. (2007). A sensitive 
HPLC method for the assessment of metabolic conversion of estrogens. The Journal of Steroid 
Biochemistry and Molecular Biology, 104(3-5), 246-251. http://dx.doi.org/10.1016/j.jsbmb.2007.03.006 

Denslow, N. D., Chow, M. C., Kroll, K. J., & Green, L. (1999). Vitellogenin as a Biomarker of Exposure for 
Estrogen or Estrogen Mimics. Ecotoxicology, 8(5), 385-398. http://dx.doi.org/10.1023/A:1008986522208 

Denslow, N., & Sepúlveda, M. (2007). Ecotoxicological effects of endocrine disrupting compounds on fish 
reproduction. In P. J. Babin, J. Cerdà & E. Lubzens (Eds.), The Fish Oocyte (pp. 255-322). Springer 
Netherlands. http://dx.doi.org/10.1007/978-1-4020-6235-3_10 

Desbrow, C., Routledge, E. J., Brighty, G. C., Sumpter, J. P., & Waldock, M. (1998). Identification of Estrogenic 
Chemicals in STW Effluent. 1. Chemical Fractionation and in Vitro Biological Screening. Environmental 
Science & Technology, 32(11), 1549-1558. http://dx.doi.org/10.1021/es9707973 

Elango, A., Shepherd, B., & Chen, T. T. (2006). Effects of endocrine disrupters on the expression of growth 
hormone and prolactin mRNA in the rainbow trout pituitary. General and Comparative Endocrinology, 
145(2), 116-127. http://dx.doi.org/10.1016/j.ygcen.2005.08.003 

Eliassen, A., & Hankinson, S. (2008). Endogenous hormone levels and risk of breast, endometrial and ovarian 
cancers: prospective studies. Advances in Experimental Medicine and Biology, 630, 148-165. 
http://dx.doi.org/10.1007/978-0-387-78818-0_10 

Elnwishy, N. H. (2008). Effectiveness of fish culture implementation to improve irrigation water quality. 
International Journal of Agriculture and Biology, 10(5), 591-592. 

Elnwishy, N. H., Ahmed, M. T., El-Sherif, M. S., & El-Hameed, M. A. (2007). The effect of Diazinon on 
glutathine and Acetylcholinesterase in Tilapia (Oreochromis niloticus). Journal of Agriculture and Social 
Sciences. 

Elnwishy, N., Hanora, A., Afifi, R., Omran, H., & Matiasson, B. (2012). A Potential 17β-Estradiol degrader 
Bacterium Isolated from Sewage water. Egyptian Academic Journal of Biological Sciences, 4(1), 27-34.  

EPA. (2009). Drinking Water Contaminant Candidate List 3-Final. Federal Register, Doc No: E9-24287, 74(194), 
51850-51862.  

EPA. (2012). Environmental Protection Agency: Revisions to the Unregulated Contaminant Monitoring 
Regulation (UCMR 3) for Public Water Systems. Federal Register, Doc No: 2012-9978, 77(85). 

Erdal, S., & Dumlupinar, R. (2011). Mammalian sex hormones stimulate antioxidant system and enhance growth 
of chickpea plants. Acta Physiologiae Plantarum, 33(3), 1011-1017. http://dx.doi.org/10.1007/s11738- 
010-0634-3 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

158 

Fu, S.-B., Riaz, H., Khan, M. K., Zhang, H.-L., Chen, J.-G., & Yang, L.-G. (2014). Influence of Different Doses 
of Equine Chorionic Gonadotropin on Follicular Population and Plasma Estradiol Concentration in Chinese 
Holstein Dairy Cows. International Journal of Agriculture & Biology, 16(2). 

Fujii, K., Kikuchi, S., Satomi, M., Ushio-Sata, N., & Morita, N. (2002). Degradation of 17B-Estradiol by a 
Gram-Negative Bacterium Isolated from Activated Sludge in a Sewage Treatment Plant in Tokyo, Japan. 
Applied and Environmental Microbiology, 68(4). http://dx.doi.org/10.1128/AEM.68.4.2057-2060.2002 

Giese, R. W. (2003). Measurement of endogenous estrogens: Analytical challenges and recent advances. Journal 
of Chromatography A, 1000(1-2), 401-412. http://dx.doi.org/10.1016/S0021-9673(03)00306-6 

Gomes, R. L., Deacon, H. E., Lai, K. M., Birkett, J. W., Scrimshaw, M. D., & Lester, J. N. (2004). An assessment 
of the bioaccumulation of estrone in Daphnia magna. Environmental Toxicology and Chemistry, 23(1), 
105-108. http://dx.doi.org/10.1897/02-613 

Gong, J., Ran, Y., Chen, D.-Y., & Yang, Y. (2011). Occurrence of endocrine-disrupting chemicals in riverine 
sediments from the Pearl River Delta, China. Marine Pollution Bulletin, 63(5-12), 556-563.  

Gracia-Lor, E., Sancho, J., Serrano, R., & Hernández, F. (2012). Occurrence and removal of pharmaceuticals in 
wastewater treatment plants at the Spanish Mediterranean area of Valencia. Chemosphere, 87(5), 453-462. 
http://dx.doi.org/10.1016/j.chemosphere.2011.12.025 

Guillette, L. J. Jr., & Gunderson, M. P. (2001). Alterations in development of reproductive and endocrine systems 
of wildlife populations exposed to endocrine-disrupting contaminants. Reproduction, 122(6), 857-864. 
http://dx.doi.org/10.1530/rep.0.1220857 

Hahlbeck, E., Katsiadaki, I., Mayer, I., Adolfsson-Erici, M., James, J., & Bengtsson, B.-E. (2004). The juvenile 
three-spined stickleback (Gasterosteus aculeatus L.) as a model organism for endocrine disruption 
IIâ€”kidney hypertrophy, vitellogenin and spiggin induction. Aquatic Toxicology, 70(4), 311-326. 
http://dx.doi.org/10.1016/j.aquatox.2004.10.004 

Halm, S., Martinez-Rodriguez, G., Rodriguez, L., Prat, F., Mylonas, C., Carrillo, M., & Zanuy, S. (2004). 
Cloning, characterisation, and expression of three oestrogen receptors (ER alpha, ER beta 1 and ER beta 2) 
in the European sea bass, Dicentrarchus labrax. Molecular and Cellular Endocrinology, 223(1-2), 63-75. 
http://dx.doi.org/10.1016/j.mce.2004.05.009 

Hansen, P. D., Dizer, H., Hock, B., Marx, A., Sherry, J., Mcmaster, M., & Blaise, C. (1998). Vitellogenin―A 
biomarker for endocrine disruptors. TrAC Trends in Analytical Chemistry, 17(7), 448-451. 
http://dx.doi.org/10.1016/S0165-9936(98)00020-X 

Haring, R., Xanthakis, V., Coviello, A., Sullivan, L., Bhasin, S., Wallaschofski, H., … Vasan, R. S. (2012). 
Clinical correlates of sex steroids and gonadotropins in men over the late adulthood: the Framingham Heart 
Study. International Journal of Andrology, 35(6), 775-782. http://dx.doi.org/10.1111/j.1365-2605.2012. 
01285.x 

Harries, J., Jobling, S., & Sumpter, J. (1997). Estrogenic activity in five United Kingdom rivers detected by 
measurement of vitellogenesis in caged male trout. Environmental Toxicology and Chemistry, 15, 534-542. 
http://dx.doi.org/10.1002/etc.5620160320 

Harries, J., Sheahan, D., & Matthiessen, P. (1996). A survey of estrogenic activity in United Kingdom inland 
waters. Environmental Toxicology and Chemistry, 15, 1993-2002. http://dx.doi.org/10.1002/etc.5620151118 

Havlíková, L., Nováková, L., Matysová, L., Sícha, J., & Solich, P. (2006). Determination of estradiol and its 
degradation products by liquid chromatography. Journal of Chromatography A, 1119(1-2), 216-223. 
http://dx.doi.org/10.1016/j.chroma.2006.01.085 

Hintemann, T., Schneider, C., Schöler, H. F., & Schneider, R. J. (2006). Field study using two immunoassays for 
the determination of estradiol and ethinylestradiol in the aquatic environment. Water Research, 40(12), 
2287-2294. http://dx.doi.org/10.1016/j.watres.2006.04.028 

Hirsch, R., Ternes, T., Haberer, K., & Kratz, K. L. (1999). Occurrence of antibiotics in the aquatic environment. 
Science of the Total Environment, 225(1-2), 109-118. http://dx.doi.org/10.1016/S0048-9697(98)00337-4 

Holtorf, K. (2009). The bioidentical hormone debate: Are bioidentical hormones (estradiol, estriol, and 
progesterone) safer or more efficacious than commonly used synthetic versions in hormone replacement 
therapy? Postgrad Med, 121(1), 73-85. http://dx.doi.org/10.3810/pgm.2009.01.1949 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

159 

Imai, S., Shiraishi, A., Gamo, K., Watanabe, I., Okuhata, H., Miyasaka, H., … Hirata, K. (2007). Removal of 
phenolic endocrine disruptors by Portulaca oleracea. Journal of Bioscience and Bioengineering, 103(5), 
420-426. http://dx.doi.org/10.1263/jbb.103.420 

Isobe, T., Shiraishi, H., Yasuda, M., Shinoda, A., Suzuki, H., & Morita, M. (2003). Determination of estrogens 
and their conjugates in water using solid-phase extraction followed by liquid chromatography-tandem mass 
spectrometry. Journal of Chromatography A, 984(2), 195-202. http://dx.doi.org/10.1016/S0021-9673(02) 
01851-4 

Jiang, L., Yang, J., & Chen, J. (2010). Isolation and characteristics of 17β-estradiol-degrading Bacillus spp. 
strains from activated sludge. Biodegradation, 21(5), 729-736. http://dx.doi.org/10.1007/s10532-010- 
9338-z 

Jiang, T., Zhao, L., Chu, B., Feng, Q., Yan, W., & Lin, J.-M. (2009). Molecularly imprinted solid-phase 
extraction for the selective determination of 17[beta]-estradiol in fishery samples with high performance 
liquid chromatography. Talanta, 78(2), 442-447. http://dx.doi.org/10.1016/j.talanta.2008.11.047 

Jobling, S., Coey, S., Whitmore, J. G., Kime, D. E., Van Look, K. J. W., Mcallister, B. G., … Sumpter, J. P. 
(2002). Wild Intersex Roach (Rutilus rutilus) Have Reduced Fertility. Biology of Reproduction, 67, 515-524. 
http://dx.doi.org/10.1095/biolreprod67.2.515 

Joss, A., Andersen, H., Ternes, T., Richle, P. R., & Siegrist, H. (2004). Removal of Estrogens in Municipal 
Wastewater Treatment under Aerobic and Anaerobic Conditions: Consequences for Plant Optimization. 
Environmental Science & Technology, 38(11), 3047-3055. http://dx.doi.org/10.1021/es0351488 

Katie, A. (2008). Occurrence in waste water treatment plant and waste disposal site water samples (pp. 28-34). 
Retrieved from http://nywea.org/clearwaters/08-3-fall/05-EstrogenInWastewater.pdf 

Katsiadaki, I., Scott, A. P., Hurst, M. R., Matthiessen, P., & Mayer, I. (2002). Detection of environmental 
androgens: a novel method based on enzyme-linked immunosorbent assay of spiggin, the stickleback 
(Gasterosteus aculeatus) glue protein. Environmental Toxicology and Chemistry, 21, 1946-1954. 
http://dx.doi.org/10.1002/etc.5620210924 

Kim, H. I., Kim, Y. Y., Chang, J. Y., Ko, J. Y., & Kho, H. S. (2012). Salivary cortisol, 17beta-estradiol, 
progesterone, dehydroepiandrosterone, and alpha-amylase in patients with burning mouth syndrome. Oral 
presentaion.  

Kirby, M. F., Bignell, J., Brown, E., Craft, J. A., Davies, I., Dyer, R., … Robinson, C. (2003). The presence of 
morphologically intermediate papilla syndrome in United Kingdom populations of sand goby 
(Pomatoschistus spp.): Endocrine disruption? Environmental Toxicology and Chemistry, 22(2), 239-251. 
http://dx.doi.org/10.1897/1551-5028(2003)022%3C0239:tpomip%3E2.0.co;2 

Klaschka, U. (2008). The infochemical effec―A new chapter in ecotoxicology. Environmental Science and 
Pollution Research, 15(6), 452-462. http://dx.doi.org/10.1007/s11356-008-0019-y 

Knoebl, I., Hemmer, N., & Denslow, N. (2004). Induction of zona radiata and vitellogenin genes in estradiol and 
nonylphenol exposed male sheepshead minnows (Cyprinodon variegatus). Marine Environmental Researh, 
58, 547-551. http://dx.doi.org/10.1016/j.marenvres.2004.03.043 

Kolodziej, E. P., Gray, J. L., & Sedlak, D. L. (2003). Quantification of steroid hormones with pheromonal 
properties in municipal wastewater effluent. Environmental Toxicology and Chemistry, 22(11), 2622-2629. 
http://dx.doi.org/10.1897/03-42 

Kolpin, D., Furlong, E., Meyer, M., Thurman, E., Zaugg, S., Barber, L., & Buxton, H. (2002). Pharmaceuticals, 
hormones, and other organic wastewater contaminants in U.S. streams, 1999-2000: A national 
reconnaissance. Environmental Science and Technology, 15(6), 1202-1211. http://dx.doi.org/10.1021/ 
es011055j 

Körner, W., Bolz, U., Triebskorn, R., Schwaiger, J., Negele, R.-D., Marx, A., & Hagnemaier, H. (2001). Steroid 
analysis and xenosteroid potentials in two small streams in southwest Germany. Journal of Aquatic 
Ecosystem Stress and Recovery, 8(3), 215-229. http://dx.doi.org/10.1023/A:1012976800922 

Kosjek, T., Heath, E., & Kompare, B. (2007). Removal of pharmaceutical residues in a pilot wastewater 
treatment plant. Analytical and Bioanalytical Chemistry, 387(4), 1379-1387. http://dx.doi.org/10.1007/ 
s00216-006-0969-1 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

160 

Kuch, H. M., & Ballschmiter, K. (2000). Determination of endogenous and exogenous estrogens in effluents 
from sewage treatment plants at the ng/L-level. Fresenius’ Journal of Analitical Chemistry, 366(4), 392-395. 
http://dx.doi.org/10.1007/s002160050080 

Kurisu, F., Ogura, M., Saitoh, S., Yamazoe, A., & Yagi, O. (2010). Degradation of natural estrogen and 
identification of the metabolites produced by soil isolates of Rhodococcus sp. and Sphingomonas sp. 
Journal of Bioscience and Bioengineering, 109(6), 576-582. http://dx.doi.org/10.1016/j.jbiosc.2009.11.006 

Lagadic, L., Coutellec, M.-A., & Caquet, T. (2007). Endocrine disruption in aquatic pulmonate molluscs: few 
evidences, many challenges. Ecotoxicology, 16(1), 45-59. http://dx.doi.org/10.1007/s10646-006-0114-0 

Lai, K. M., Scrimshaw, M. D., & Lester, J. N. (2002a). Prediction of the bioaccumulation factors and body 
burden of natural and synthetic estrogens in aquatic organisms in the river systems. The Science of the Total 
Environment, 289(1-3), 159-168. http://dx.doi.org/10.1016/S0048-9697(01)01036-1 

Lai, K. M., Scrimshaw, M. D., & Lester, J. N. (2002b). Biotransformation and Bioconcentration of Steroid 
Estrogens by Chlorella vulgaris. Applied Environmental Microbiology, 68(2), 859-864. http://dx.doi.org/ 
10.1128/AEM.68.2.859-864.2002 

Larsson, D. G. J., De Pedro, C., & Paxeus, N. (2007). Effluent from drug manufactures contains extremely high 
levels of pharmaceuticals. Journal of Hazardous Materials, 148(3), 751-755. http://dx.doi.org/10.1016/ 
j.jhazmat.2007.07.008 

Le Noir, M., Lepeuple, A.-S., Guieysse, B., & Mattiasson, B. (2007). Selective removal of 17[beta]-estradiol at 
trace concentration using a molecularly imprinted polymer. Water Research, 41(12), 2825-2831. 
http://dx.doi.org/10.1016/j.watres.2007.03.023 

Lee, H., & Liu, D. (2002). Degradation of 17β-Estradiol and Its Metabolites by Sewage Bacteria. Water, Air, and 
Soil Pollution, 134, 353-368. http://dx.doi.org/10.1023/A:1014117329403 

Liu, S., Ying, G.-G., Zhao, J.-L., Chen, F., Yang, B., Zhou, L.-J., & Lai, H.-J. (2011). Trace analysis of 28 
steroids in surface water, wastewater and sludge samples by rapid resolution liquid 
chromatography-electrospray ionization tandem mass spectrometry. Journal of Chromatography A, 
1218(10), 1367-1378. http://dx.doi.org/10.1016/j.chroma.2011.01.014 

Lopez, D. A., Maria, J., Gil, A., Paz, E., & Barcelo, D. (2002). Occurrence and analysis of estrogens and 
progestogens in river sediments by liquid chromatography-electrospray-mass spectrometry. Analyst, 
127(10), 1299-1304. http://dx.doi.org/10.1039/B207658F 

Lu, G., Yan, Z., Wang, Y., & Chen, W. (2011). Assessment of estrogenic contamination and biological effects in 
Lake Taihu. 

Luna, T. O., Plautz, S. C., & Salice, C. J. (2013). Effects of 17alpha-ethynylestradiol, fluoxetine, and the mixture 
on life history traits and population growth rates in a freshwater gastropod. Environ Toxicol Chem, 32(12), 
2771-2778. http://dx.doi.org/10.1002/etc.2372 

Mason, R. P., Reinfelder, J. R., & Morel, F. O. M. M. (1996). Uptake, Toxicity, and Trophic Transfer of Mercury 
in a Coastal Diatom. Environmental Science & Technology, 30(6), 1835-1845. http://dx.doi.org/10.1021/ 
es950373d 

Matsumoto, Y., Kuramitz, H., Itoh, S., & Tanaka S. (2005). Quantitative analysis of 17beta-estradiol in river 
water by fluorometric enzyme immunoassay using biotinylated estradiol. Analitical Science, 21(3), 219-224. 
http://dx.doi.org/10.2116/analsci.21.219 

Matthiessen, P., Allen, Y., Bamber, S., Craft, J., Hurst, M., Hutchinson, T., … Thomas, K. (2002). The impact of 
oestrogenic and androgenic contamination on marine organisms in the United Kingdom - Summary of the 
EDMAR programme. Endocrine Disruption in the Marine Environment. Marine Environmental Research, 
54(3-5), 645-649. http://dx.doi.org/10.1016/s0141-1136(02)00135-6 

Mehinto, A. C., Hill, E. M., & Tyler, C. R. (2010). Uptake and biological effects of environmentally relevant 
concentrations of the nonsteroidal anti-inflammatory pharmaceutical diclofenac in rainbow trout 
(Oncorhynchus mykiss). Environmental Science & Technology, 44(6), 2176-2182. http://dx.doi.org/10.1021/ 
es903702m 

Meng-Umphan, K. (2009). Growth performance, sex hormone levels and maturation ability of Pla Pho 
(Pangasius bocourti) fed with Spirulina supplementary pellet and hormone application. International 
Journal of Agriculture and Biology, 11(4), 458-462. 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

161 

Mills, L. J., & Chichester, C. (2005). Review of evidence: Are endocrine-disrupting chemicals in the aquatic 
environment impacting fish populations? Science of the Total Environment, 343(1), 1-34. http://dx.doi.org/ 
10.1016/j.scitotenv.2004.12.070 

MPCA (Minnesota Pollution Control Agency). (2008). Minnesota’s nonpoint source management. Water Quality 
in Minnesota, 2010. Retrieved from http://wrc.umn.edu/prod/groups/cfans/@pub/@cfans/@wrc/documents/ 
asset/cfans_asset_213099.pdf 

Narender, K. N., & Cindy, L. M. (2009). Water Quality Guidelines for Pharmaceutically-active-Compounds 
(PhACs): 17α-ethinylestradiol (EE2). Report by Ministry of Environment province of British Columbia. 
Retrieved from http://www.env.gov.bc.ca/wat/wq/BCguidelines/PhACs-EE2/PhACs-EE2-tech.pdf 

Navas, J. M., & Segner, H. (2006). Vitellogenin synthesis in primary cultures of fish liver cells as endpoint for in 
vitro screening of the (anti)estrogenic activity of chemical substances. Aquatic Toxicology, 80(1), 1-22. 
http://dx.doi.org/10.1016/j.aquatox.2006.07.013 

Norbeck, L. A., & Sheridan, M. A. (2011). An in vitro model for evaluating peripheral regulation of growth in 
fish: Effects of 17 β-estradiol and testosterone on the expression of growth hormone receptors, insulin-like 
growth factors, and insulin-like growth factor type 1 receptors in rainbow trout (Oncorhynchus mykiss). 
General and Comparative Endocrinology, 173(2), 270-280. http://dx.doi.org/10.1016/j.ygcen.2011.06.009 

Ogunleye, A. A., & Holmes, M. D. (2009). Physical activity and breast cancer survival. Breast Cancer Research, 
11(5), 106. http://dx.doi.org/10.1186/bcr2351 

OSPAR. (2013). Background Document on Clotrimazole (2013 update). Publication Number: 595/2013. ISBN 
978-1-909159-28-0. 

Panter, G. H., Hutchinson, T. H., Hurd, K. S., Bamforth, J., Stanley, R. D., Duffell, S., … Tyler, C. R. (2006). 
Development of chronic tests for endocrine active chemicals: Part 1. An extended fish early-life stage test 
for oestrogenic active chemicals in the fathead minnow (Pimephales promelas). Aquatic Toxicology, 77(3), 
279-290. http://dx.doi.org/10.1016/j.aquatox.2006.01.004 

Pattarozzi, A., Gatti, M., Barbieri, F., Wurth, R., Porcile, C., Lunardi, G., … Florio, T. (2008). 17beta-estradiol 
promotes breast cancer cell proliferation-inducing stromal cell-derived factor-1-mediated epidermal growth 
factor receptor transactivation: Reversal by gefitinib pretreatment. Molecular Pharmacology, 73(1), 
191-202. http://dx.doi.org/10.1124/mol.107.039974 

Pedrouzo, M., Borrull, F., Pocurull, E., & Marcé, R. M. (2009). Estrogens and their conjugates: Determination in 
water samples by solid-phase extraction and liquid chromatography-tandem mass spectrometry. Talanta, 
78(4-5), 1327-1331. http://dx.doi.org/10.1016/j.talanta.2009.02.005 

Petrovic, M., Eljarrat, E., López De Alda, M. J., & Barceló, D. (2001). Analysis and environmental levels of 
endocrine-disrupting compounds in freshwater sediments. TrAC Trends in Analytical Chemistry, 20(11), 
637-648. http://dx.doi.org/10.1016/S0165-9936(01)00118-2 

Pflugmacher, S., Wiencke, C., & Sandermann, H. (1999). Activity of phase I and phase II detoxication enzymes 
in Antarctic and Arctic macroalgae. Marine Environmental Research, 48(1), 23-36. http://dx.doi.org/ 
10.1016/S0141-1136(99)00030-6 

Pojana, G. A., Bonfa, F., Busetti, A., Collarin, A., & Marcomini, A. (2004). Estrogenic potential of the Venice, 
Italy, lagoon water. Environmental Toxicology and Chemistry, 23, 1874-1880. http://dx.doi.org/10.1897/ 
03-222 

Pojana, G., Gomiero, A., Jonkers, N., & Marcomini, A. (2007). Natural and synthetic endocrine disrupting 
compounds (EDCs) in water, sediment and biota of a coastal lagoon. Environment International, 33(7), 
929-936. http://dx.doi.org/10.1016/j.envint.2007.05.003 

Ra, J.-S., Lee, S.-H., Lee, J., Kim, H. Y., Lim, B. J., Kim, S. H., & Kim, S. D. (2011). Occurrence of estrogenic 
chemicals in South Korean surface waters and municipal wastewaters. Journal of Environmental 
Monitoring, 13(1), 101-109. http://dx.doi.org/10.1039/C0EM00204F 

Robinson, C. D., Craft, J. A., Moffat, C. F., Davies, I. M., Brown, E. S., & Megginson, C. (2004). Oestrogenic 
markers and reduced population fertile egg production in a sand goby partial life-cycle test. Mar Environ 
Res, 58(2-5), 147-150. http://dx.doi.org/10.1016/j.marenvres.2004.03.009 

Rodriguez-Mozaz, S., López De Alda, M. J., & Barceló, D. (2004). Monitoring of estrogens, pesticides and 
bisphenol A in natural waters and drinking water treatment plants by solid-phase extraction-liquid 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

162 

chromatography-mass spectrometry. Journal of Chromatography A, 1045(1-2), 85-92. http://dx.doi.org/ 
10.1016/j.chroma.2004.06.040 

Roh, H., & Chu, K.-H. (2010). A 17β-Estradiol-utilizing Bacterium, Sphingomonas Strain KC8: Part I - 
Characterization and Abundance in Wastewater Treatment Plants. Environmental Science & Technology, 
44(13), 4943-4950. http://dx.doi.org/10.1021/es1001902 

Rujiralai, T., Bull, I. D., Llewellyn, N., & Evershed, R. P. (2011). In situ polar organic chemical integrative 
sampling (POCIS) of steroidal estrogens in sewage treatment works discharge and river water. Journal of 
Environmental Monitoring, 13(5), 1427-1434. http://dx.doi.org/10.1039/c0em00537a 

Russo, J., Fernandez, S. V., Russo, P. A., Fernbaugh, R., Sheriff, F. S., Lareef, H. M., … Russo, I. H. (2006). 
17-Beta-estradiol induces transformation and tumorigenesis in human breast epithelial cells. Journal of the 
Federation of American Societies for Experimental Biology, 20(10), 1622-1634. http://dx.doi.org/10.1096/ 
fj.05-5399com 

Russo, J., Lareef, M. H., Tahin, Q., Hu, Y. F., Slater, C., Ao, X., & Russo, I. H. (2002). 17Beta-estradiol is 
carcinogenic in human breast epithelial cells. Journal of Steroid Biochemistry and Molecular Biology, 80(2), 
149-162. http://dx.doi.org/10.1016/S0960-0760(01)00183-2 

Saeed, B., Mohammad, S., Seyed, A., & Hamideh, K. (2012a). Effect of 17beta-Estradiol on Growth and 
Survival of sword tail (Xiphophorus hellerii). World Journal of Fish and Marine Sciences, 4(4), 335-339. 

Saeed, B., Mohammad, S., Seyed, A., & Hamideh, K. (2012b). Effect of 17 beta Estradiol on Growth and 
Survival of Green Tiger Barb (Puntius tetrazona). Global Veterinaria, 8(5), 445-448. 

Sandeep, D., Richard, F., Mehul Vora, M., Husam, G. P., Ajay, C., & Paresh, D. (2011). Low Estradiol 
Concentrations in Men with Subnormal Testosterone Concentrations and Type 2 Diabetes. Diabetes Care 
August, 34(8), 1854-1859. http://dx.doi.org/10.2337/dc11-0208 

Sawssan, M., Monia, M., Gauthier. T., Kristell, K., Alain, G., Christophe, M., & Amel, H. (2015). The 
endocrine-disrupting effect and other physiological responses of municipal effluent on the clam Ruditapes 
decussatus. Environmental Science and Pollution Research, 22(24), 19716-19728. http://dx.doi.org/ 
10.1007/s11356-015-5199-7 

Scherr, F. F., Sarmah, A. K., Di, H. J., & Cameron, K. C. (2009). Degradation and metabolite formation of 
17beta-estradiol-3-sulphate in New Zealand pasture soils. Environment International, 35(2), 291-297. 
http://dx.doi.org/10.1016/j.envint.2008.07.002 

Seifert, M., Li, W., Alberti, U., Kausch, M., & Hock, B. (2003). Biomonitoring: Integration of biological 
endpoints into chemical monitoring. Pure and Applied Chemistry. IUPAC Workshop 3.3, 75(Nos. 11-12), 
2451-2459. http://dx.doi.org/10.1351/pac200375112451 

Shane, S., Cecil, L.-H., Joe, C., Jörg, E., Drewes, A. E., Richard, C. P., & Dan, S. (2011). Pharmaceuticals in the 
Water Environment. Retrieved from http://www.dcwater.com/waterquality/PharmaceuticalsNACWA.pdf 

Shi, J., Fujisawa, S., Nakai, S., & Hosomi, M. (2004). Biodegradation of natural and synthetic estrogens by 
nitrifying activated sludge and ammonia-oxidizing bacterium Nitrosomonas europaea. Water Research, 
38(9), 2323-2330. http://dx.doi.org/10.1016/j.watres.2004.02.022 

Shi, W., Wang, L., Rousseau, D., & Lens, P. (2010). Removal of estrone, 17α-ethinylestradiol, and 17ß-estradiol 
in algae and duckweed-based wastewater treatment systems. Environmental Science and Pollution Research, 
17(4), 824-833. http://dx.doi.org/10.1007/s11356-010-0301-7 

Sultan, M. K., Bakr, I., Ismail, N. A., & Arafa, N. (2010). Prevalence of unmet contraceptive need among 
Egyptian women: A community-based study. Journal of Preventive Medicine and Hygiene, 51(2). 

Takeshi, Y., Fumiko, N., Junji, F., Koichi, W., Harumi, M., Takashi, M., … Hiroshi, O. (2004). Degradation of 
estrogens by Rhodococcus zopfii and Rhodococcus equi isolates from activated sludge in wastewater 
treatment plants. Applied and Environmental Microbioloy, 70(9), 5283-5289. http://dx.doi.org/10.1128/ 
AEM.70.9.5283-5289.2004 

Tanaka, T., Takeda, H., Ueki, F., Obata, K., Tajima, H., Takeyama, H., … Matsunaga, T. (2004). Rapid and 
sensitive detection of 17[beta]-estradiol in environmental water using automated immunoassay system with 
bacterial magnetic particles. Journal of Biotechnology, 108(2), 153-159. http://dx.doi.org/10.1016/ 
j.jbiotec.2003.11.010 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

163 

Tawfic, M. (2006). Presistent Organic Pollutants in Egyrpt - An Overview. In I. Twardowska, H. E. Allen, M. M. 
Häggblom & S. Stefaniak (Eds.), Soil and Water Pollution Monitoring, Protection and Remediation (pp. 
25-38). Springer Netherlands. 

Ten Kulve, J. S., De Jong, F. H., & De Ronde, W. (2011). The effect of circulating estradiol concentrations on 
gonadotropin secretion in young and old castrated male-to-female transsexuals. The Aging Male, 14(3), 
155-161. http://dx.doi.org/10.3109/13685538.2010.511328 

Ternes, T. A., Kreckel, P., & Mueller, J. (1999). Behaviour and occurrence of estrogens in municipal sewage 
treatment plants-II. Aerobic batch experiments with activated sludge. The Science of the Total Environment, 
225(1), 91-99. http://dx.doi.org/10.1016/S0048-9697(98)00335-0 

Tyler, C. R., Spary, C., Gibson, R., Santos, E. M., Shears, J., & Hill, E. M. (2005). Accounting for differences in 
estrogenic responses in rainbow trout (Oncorhynchus mykiss: Salmonidae) and roach (Rutilus rutilus: 
Cyprinidae) exposed to effluents from wastewater treatment works. Environmental Science and Technology, 
39(8), 2599-2607. http://dx.doi.org/10.1021/es0488939 

Versteeg, D. J., Alder, A. C., Cunningham, V. L., Kolpin, D. W., Murray-Smith, R., & Ternes, T. (2005). 
Environmental Exposure Modeling and Monitoring of Human Pharmaceutical Concentrations in the. 
Human pharmaceuticals: Assessing the impacts on aquatic ecosystems (Vol. 71). 

Vethaak, A. D., Lahr, J., Schrap, S. M., Belfroid, A. L. C., Rijs, G. B. J., Gerritsen, A., … De Voogt, P. (2005). 
An integrated assessment of estrogenic contamination and biological effects in the aquatic environment of 
The Netherlands. Chemosphere, 59(4), 511-524. http://dx.doi.org/10.1016/j.chemosphere.2004.12.053 

Wagner, M., & Oehlmann, J. (2009). Endocrine disruptors in bottled mineral water: total estrogenic burden and 
migration from plastic bottles. Environmental Science and Pollution Research International, 16(3), 278-286. 
http://dx.doi.org/10.1007/s11356-009-0107-7 

Wang, J., Shi, X., Du, Y., & Zhou, B. (2011). Effects of xenoestrogens on the expression of vitellogenin (vtg) and 
cytochrome P450 aromatase (cyp19a and b) genes in zebrafish (Danio rerio) larvae. Journal of 
Environmental Science and Health, Part A. Toxic/Hazardous Substances and Environmental Engineering, 
46(9), 960-967. http://dx.doi.org/10.1080/10934529.2011.586253 

Wang, L., Cai, Y.-Q., He, B., Yuan, C.-G., Shen, D.-Z., Shao, J., & Jiang, G.-B. (2006). Determination of 
estrogens in water by HPLC-UV using cloud point extraction. Talanta, 70(1), 47-51. 
http://dx.doi.org/10.1016/j.talanta.2006.01.013 

Wei, H., Yan-Xia, L., Ming, Y., & Wei, L. (2011). Presence and Determination of Manure-borne Estrogens from 
Dairy and Beef Cattle Feeding Operations in Northeast China. Bulletin of Environmental Contamination 
and Toxicology, 86(5), 465-469. http://dx.doi.org/10.1007/s00128-011-0247-6 

Wenger, M., Sattler, U., Goldschmidt-Clermont, E., & Segner, H. (2011). 17Beta-estradiol affects the response of 
complement components and survival of rainbow trout (Oncorhynchus mykiss) challenged by bacterial 
infection. Fish Shellfish Immunology, 31(1), 90-97. http://dx.doi.org/10.1016/j.fsi.2011.04.007 

Xu, J. F., Xia, L.-L., Xia, L. F., Song, N., Song, N. F., Chen, S.-D., … Wang, G. (2016). Testosterone, Estradiol, 
and Sex Hormone-Binding Globulin in Alzheimer’s Disease: A Meta-Analysis. Curr Alzheimer Res., 13(3), 
215-222. http://dx.doi.org/10.2174/1567205013666151218145752 

Yaghjyan, L., & Colditz, G. (2011). Estrogens in the breast tissue: A systematic review. Cancer Causes and 
Control, 22(4), 529-540. http://dx.doi.org/10.1007/s10552-011-9729-4 

Yoshimoto, T., Nagai, F., Fujimoto, J., Watanabe, K., Mizukoshi, H., Makino, T., … Omura, H. (2004). 
Degradation of Estrogens by Rhodococcus zopfii and Rhodococcus equi Isolates from Activated Sludge in 
Wastewater Treatment Plants. Applied and Environmental Microbiology, 70(9), 5283-5289. 
http://dx.doi.org/10.1128/AEM.70.9.5283-5289.2004 

Yu, C.-P., Roh, H., & Chu, K.-H. (2007). 17β-Estradiol-Degrading Bacteria Isolated from Activated Sludge. 
Environmental Science & Technology, 41(2), 486-492. http://dx.doi.org/10.1021/es060923f 

Zhang, S., Zhang, Q., Darisaw, S., Ehie, O., & Wang, G. (2007). Simultaneous quantification of polycyclic 
aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pharmaceuticals and personal care 
products (PPCPs) in Mississippi river water, in New Orleans, Louisiana, USA. Chemosphere, 66(6), 
1057-1069. http://dx.doi.org/10.1016/j.chemosphere.2006.06.067 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 10; 2016 

164 

Zhou, Y., Zha, J., Xu, Y., Lei, B., & Wang, Z. (2011). Occurrences of six steroid estrogens from different 
effluents in Beijing, China. Environmental Monitoring and Assessment, 184(3), 1719-1729. 
http://dx.doi.org/10.1007/s10661-011-2073-z 

Zou, L., Lin, H., & Jiang, J. (2007). Determination of [beta]-Estradiol Residues in Fish/Shellfish Muscle by Gas 
Chromatography-Mass Spectrometry. Chinese Journal of Analytical Chemistry, 35(7), 983-987. 
http://dx.doi.org/10.1016/S1872-2040(07)60063-2 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


