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A b s t r a c t

The article is part of a series of publications discussing prevalence of pharmaceuticals in 
the aquatic environment. The aim of this study is to describe the problem of the presence of 
hormonal tablets ingredient 17α-ethinylestradiol and its three natural analogues in wastewater 
and the environment. Basic information on the substances in question and the concentrations 
in which these compounds can negatively affect aquatic organisms are provided. In the paper, 
the authors review the literature data on the presence of estrogenic hormones in wastewater, 
surface water and groundwater. Penetration through aquifers can lead to accumulation of these 
compounds in the sediments, which is reflected in the literature. 
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S t r e s z c z e n i e 

Artykuł jest częścią serii publikacji obejmujących zagadnienia występowania farmaceutyków 
w środowisku wodnym. Celem artykułu jest opis problemu obecności składnika tabletek hor-
monalnych 17α-etynyloestradiolu i jego trzech naturalnych odpowiedników w ściekach i śro-
dowisku. Przedstawiono podstawowe informacje dotyczące rozpatrywanych substancji oraz 
stężenia, w jakich te związki mogą negatywnie wpływać na organizmy wodne. Dokonano prze-
glądu literatury dotyczącej występowania estrogenów w ściekach, wodach powierzchniowych 
i podziemnych. Podczas przenikania przez warstwy wodonośne może dojść do akumulowania 
się tych związków w osadach dennych, co znajduje potwierdzenie w literaturze. 
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1. Introduction

The issue of endangering health and life through contact with water containing even 
trace amounts of pharmaceuticals is becoming a growing problem for humans and animals. 
However, the presence of certain groups of pharmaceuticals is more or less controversial 
than other drugs. And by no means does it depend on the range of concentrations in which 
these substances are present in the environment, but rather on their impact on aquatic 
organisms and humans. Despite the high levels at which they occur in the environment, 
the presence of anti-inflammatory drugs [27] induces less excitement than the presence 
of hormonal substances. This is primarily due to the fact that the hormonal agents (in 
particular estrogens) have an extremely adverse effect on living organisms, including 
fish at a very low concentration of 0.1 ng/l [12]. They affect the feminization of fish [14, 
15, 19] inhabiting ponds and rivers, which is a major threat to local ecosystems. These 
changes are most commonly associated with synthetic hormonal agents, in particular 
17α-ethinylestradiol, but also have the effect of natural estrogens such as estrone, estradiol 
and estriol. All of these compounds are classified as endocrine disrupting compounds 
(EDC), which interfere with the endocrine system by affecting the synthesis, transport, 
metabolism and excretion of hormones from the body [17].

2. Characteristic of natural and synthetic estrogens

Estrogens are hormone compounds, affecting a range of functions and characteristics of 
an organism. The natural estrogens include estrone (E1), estradiol (E2) and estriol (E3), while 
the most common synthetic estrogen is 17α-ethinylestradiol (EE2), a derivative of estradiol. 
EE2, as a replacement for the natural hormones, is an ingredient in most two-component birth 
control pills, whose main objective is the inhibition of ovulation. In developed countries, 
hormonal contraception is one of the most popular methods of protecting against unwanted 
pregnancy. Table 1 shows the basic information relating to the compounds and Chemical 
Abstracts Service (CAS) numbers.

T a b l e  1

Characteristics of selected estrogens and their predicted no–effect concentrations  
(PNEC) [4, 28] 

Compound Formula Structure CAS PNEC
[ng/l]

Estrone
(E1) C18H22O2 53–16–7 6
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Estradiol
(E2) C18H24O2 50–28–2 2

Estriol
(E3) C18H24O3 50–27–1 60

17α–Ethinyl-
estradiol
(EE2)

C20H24O2 57–63–6 0,1

3. Occurrence in the environment

Tab. 1

Fig. 1. Sources of endocrine disrupting compounds (EDC), pharmaceuticals and personal care 
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Potential sources of natural and synthetic hormones are shown in Fig. 1. Every human 
(especially women) excretes estrogens from the body, even without taking hormonal drugs. 
For this reason, hormones are expected to be present primarily in wastewater from households, 
which are transported through the sewer system to the wastewater treatment plant (WWTP). 
Estrogens, as compounds highly dangerous to the environment, should be degraded and 
eliminated in wastewater treatment processes with the highest possible efficiency in order to 
protect aquatic organisms from their harmful influence. Due to the inconstant and complex 
composition of sewage containing organic substances, wastewater treatment is not an easy task 
and high effectiveness of their elimination is not always obtained, as confirmed by research 
carried out in South Africa [23]. Despite up to several tens of percent effectiveness of removal 
of E1 (72 ± 12%), E2 (78 ± 12%) and EE2 (90 ± 3%) [23], sewage containing from 1 ng/l (EE2) 
to 107 ng/l (E2) estrogens were released into a river. Comparison of the contents of examined 
hormones in the river above and below WWTP showed a distinct increase in levels of these 
compounds (in the case of estradiol – 28 ng/l above and 66 ng/l below the sewage treatment), 
for which the WWTP is directly responsible [23]. Table 2 shows confirmed estrogen levels in 
wastewater, surface water and groundwater, with sources of literature.

T a b l e  2

Concentrations in ng/l (min–max or mean) of detected hormones in WWTP influent, WWTP 
effluent, surface and groundwater

Compound Influent Effluent Surface water Groundwater
Estrone

(E1)
1–670[1]
47–376[8]
2.4–670[11]
10–170[22]

49[25]
5–160[32]

25–42[8]
1–96[11]
36–70[21]
1–80[22]

4.3–12[25]
5–30[32]

1.4–5.74[2]
7–52[3]

22.4–66.2[6]
2.3–77.5[7]

0.45–2.98[13]
0.64–55.3[20]

0.3–5[21]
1.2–10[26]

0.08–78.7[29]
0.5[30]

1–1.45[31]
2.8–321[33]
14–180[35]

1.6–3.5[21]
0.7[30]

Estradiol
(E2)

3–3000[1]
31–74[8]

2.4–150[11]
2–50[22]

72–190[24]
20[25]

31–51[8]
0.2–30[11]
9.2–180[21]

1–7[22]
0.4–1.3[25]

1.1–5.39[2]
4.8–48[3]
10–150[5]
1.4–33.9[6]
2.3–10.2[7]

0.28–1.78[13] 
21.2[20]

0.31–1.2[21]
1–175[26]

2.3–7.72[29]
0.2[30]

4.41–9.96[31]
3.7–74.4[33]
1–134[35]

0.21–1.6[21]
0.4[30]
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Estriol
(E3)

17–1000[1]
74–234[8]
23–660[11]
125–800[22]
90–830[24]

46–175[8]
0.43–275[11]
25–590[21]
270–590[24]

2.15–5.2[2]
10–480[5]

12.4–73.6[6]
2.14–4.37[13]

46.4[20]
0.1–1.9[21]

1.02–1.65[31]
2.3–47.85[33]

4–94[35]

0.16[21]

17α–Ethinylestradiol
(EE2)

2–400[1]
0.4–14.4[11]

1–3[22]
70–180[24]

1[25]

0.3–4.1[11]
1.3[21]
1–2[22]

30–180[24]
0.2–0,47[25]

11.7–14[2]
4.3–51[3]
10–280[5]

7.53–27.4[6]
4.3–28.6[7]

0.28–2.67[13]
0.4–24.4[20]

0.33[21]
0.8–34[26]

0.11–53.4[29]
1.4[30]

6.03–10.2[31]
0.52–101.9[33]

7–24[35]

0.94–3[21]
1.2[30]

The presence of estrogens in surface waters is of concern not only because of penetration 
of these compounds into groundwater, but also as to their accumulation in bottom sediments. 
Table 3 shows the concentration levels of estrogen in the sediments calculated as a dry mass. 
These reports confirm an accumulation of natural and synthetic hormones in the sediments 
in concentrations up to several tens of ng/g dry mass of sediment. It should be noted that, in 
many cases, the concentration of these highly exceed the PNEC, which means the possible 
risk of harmful effects on aquatic organisms.

T a b l e  3

Concentrations in ng/g of dry weight (min–max or max) of estrogens in sediments

Compound Estrone Estradiol Estriol 17α-Ethinylestradiol

Level of hormones

0.71–50.75[9]
0.3–1.28[16]
0.4–3.3[18]

0.98–21.6[20]
4.61–11.22[34]

3–10.8[35]

0.87–40.96[9]
0.18–1.58[16]
0.03–1.2[18]

9.7[20]
3.71[34]
1.2[35]

1.26[16]
7.29[20]
1–7.6[35]

133.64[9]
9.26[20]
2–41[26]
2.48[34]
5.1[35]

Tab. 2
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4. Conclusions

Estrogenic hormones are commonly found in water in quantities greater than the predicted 
no-effect concentrations showing no impact on living organisms. Despite the use of advanced 
mechanical and biological methods of wastewater treatment, hormonal substances penetrate 
into the environment adversely affecting the organisms living in rivers and reservoirs to 
which treated wastewater is discharged. The progressive feminization of fish and the risk of 
the harmful effects of eating such fish by humans requires a critical approach to elimination 
of estrogens in WWTP. Due to the development of consciousness of young people, in 
particular women, gradual change of approach to contraception and easy access to this form 
of pregnancy prevention, we should expect a systematic increase in levels of presence of 
estrogens in wastewater.

R e f e r e n c e s

[1]	 Al Aukidy M., Verlicchi P., Voulvoulis N., A framework for the assessment of the 
environmental risk posed by pharmaceuticals originating from hospital effluents, 
Science of the Total Environment, Vol. 493, 2014, 5464.

[2]	 Aydin E., Talinli I., Analysis, occurrence and fate of commonly used pharmaceutical 
and hormones in the Buyukcekmece Watershed, Turkey, Chemosphere, Vol. 90, 2013, 
2004-2012.

[3]	 Azzouz A., Ballesteros E., Influence of seasonal climate differences on the 
pharmaceutical, hormone and personal care product removal efficiency of a drinking 
water treatment plant, Chemosphere, Vol. 93, 2013, 2046-2054.

[4]	 Caldwell D.J., Mastrocco F., Anderson P.D., Lange R., Sumpter J.P., Predicted-no- 
-effect concentrations for the steroid estrogens estrone, 17β-estradiol, estriol, and 
17α-ethinylestradiol, Environmental Toxicology and Chemistry, Vol. 31, 2012, 1396-1406.

[5]	 Camacho-Munoz D., Martin J., Santos J.L., Aparicio I., Alonso E., Occurrence, 
temporal evolution and risk assessment of pharmaceutically active compounds in 
Doñana Park (Spain), Journal of Hazardous Materials, Vol. 183, 2010, 602-608.

[6]	 Chen C.Y., Wen T.Y., Wang G.S., Cheng H.W., Lin Y.H., Lie, G.W., Determining 
estrogenic steroids in Taipei waters and removal in drinking water treatment using 
high–flow solid phase extraction and liquid chromatography/tandem mass spectrometry, 
Science of the Total Environment, Vol. 378, 2007, 352-365.

[7]	 Duong C.N., Ra J.S., Cho J., Kim S.D., Choi H.K., Par, J.–H., Kim K.W., Inam E., 
Kim S.D., Estrogenic chemicals and estrogenicity in river waters of South Korea and 
seven Asian countries, Chemosphere, Vol. 78, 2010, 286-293.

[8]	 Fayad P.B., Prevost M., Sauve S., On-line solid-phase extraction coupled to liquid 
chromatography tandem mass spectrometry optimized for the analysis of steroid 
hormones in urban wastewaters, Talanta, Vol. 115, 2013, 349-360.

[9]	 Froehner S., Machado K.S., Stefan E., Bleninger T., da Rosa E.C., de Castro Martins 
C., Occurrence of selected estrogens in mangrove sediments, Marine Pollution Bulletin, 
Vol. 64, 2012, 75-79.



53

[10]	 Grassi M., Rizzo L., Farina A., Endocrine disruptors compounds, pharmaceuticals and 
personal care products in urban wastewater: implications for agricultural reuse and 
their removal by adsorption process, Environmental Science and Pollution Research, 
Vol. 20, 2013, 3616-3628.

[11]	 Hamid H., Eskicioglu C., Fate of estrogenic hormones in wastewater and sludge 
treatment: A review of properties and analytical detection techniques in sludge matrix, 
Water Research, Vol. 46, 2012, 5813-5833.

[12]	 Heberer T., Occurrence, fate and removal of pharmaceutical residues in the aquatic 
environment, Toxicology Letters, Vol. 131, 2002, 5-17.

[13]	 Jiang W., Yan Y., Ma M., Wang D., Luo Q., Wang Z., Satyanarayanan S.K., Assessment 
of source water contamination by estrogenic disrupting compounds in China, Journal 
of Environmental Sciences, Vol. 24, 2012, 320-328.

[14]	 Jobling S., Williams R., Johnson A., Taylor A., Gross-Sorokin M., Nolan M., Tyler 
C.R., van Aerle R., Santos E., Brighty G., Predicted exposures of steroid estrogens 
in U.K. rivers correlate with widespread sexual disruption in wild fish populations, 
Environmental Health Perspectives, Vol. 114, 2006, 32-39.

[15]	 Kidd K.A., Blanchfield P.J., Mills K.H., Palace V.P., Evans R.E., Lazorchak J.M., Flick 
R.W., Collapse of a fish population after exposure to a synthetix estrogen, Proceedings 
of the National Academy of Sciences of the U.S.A., Vol. 104, 2007, 8897-8901.

[16]	 Kinani S., Bouchonnet S., Creusot N., Bourcier S., Balaguer P., Porcher J.-M., Ait-Aissa 
S., Bioanalytical characterization of multiple endocrine– and dioxin–like activities in 
sediments from reference and impacted small rivers, Environmental Pollution, Vol. 158, 
2010, 74-83.

[17]	 Kuo C.-H., Yang S.-N., Hung C.-H., Immunomodulatory effects of environmental 
endocrine disrupting chemicals, Kaohsiung Journal of Medical Sciences, Vol. 28, 
2012, 37-42.

[18]	 Labadie P., Hill E.M., Analysis of estrogens in river sediments by liquid chromatography 
– electrospray ionisation mass spectrometry, Comparison of tandem mass spectrometry 
and time-of-flight mas spectrometry, Journal of Chromatography A, Vol. 1141, 2007, 
174-181.

[19]	 Lange R., Hutchinson T.H., Croudace C.P., Siegmund F., Schweinfurth H., Hampe P., 
Panter G.H., Sumpter J.P., Effects of the synthetic estrogen 17-alpha-–ethinylestradiol 
on the life-cycle of the fathead minnow (Pimephalespromelas), Environmental 
Toxicology and Chemistry, Vol. 20, 2006, 1216-1227.

[20]	 Lei B., Huang S., Zhou Y., Wang D., Wang Z., Levels of six estrogens in water and 
sediment from three rivers in Tianjin area, China, Chemosphere, Vol. 76, 2009, 36-42.

[21]	 Li W.C., Occurrence, sources, and fate of pharmaceuticals in aquatic environment and 
soil, Environmental Pollution, Vol. 187, 2014, 193-201.

[22]	 Luo Y., Guo W., Ngo H.H., Nghiem L.D., Hai F.I., Zhang J., Liang S., Wang,X.C., 
A review on the occurrence of micropollutants in the aquatic environment and their fate 
and removal during wastewater treatment, Science of the Total Environment, Vol. 473–
474, 2014, 619-641.

[23]	 Manickum T., John W., Occurrence, fate and environmental risk assessment of endocrine 
disrupting compounds at the wastewater treatment works in Pietermaritzburg (South 
Africa), Science of the Total Environment, Vol. 468–469, 2014, 584-597.



54

[24]	 Martin J., Camacho-Munoz D., Santos J.L., Aparicio I., Alonso E., Occurrence of 
pharmaceutical compounds in wastewater and sludge from wastewater treatment 
plants: Removal and ecotoxicological impact of wastewater discharges and sludge 
disposal, Journal of Hazardous Materials, Vol. 239–240, 2012, 40-47.

[25]	 Petrie B., Barden R., Kasprzyk-Hodern B., A review on emerging contaminants 
in wastewaters and the environment: Current knowledge, understudied areas and 
recommendations for future monitoring, Water Research, Vol. 72, 2015, 3-27.

[26]	 Pojana G., Gomiero A., Jonkers N., Marcomini A., Natural and synthetic endocrine 
disrupting compounds (EDCs) in water, sediment and biota of a coastal lagoon, 
Environment International, Vol. 33, 2007, 929-936.

[27]	 Rezka P., Balcerzak W., The occurrence of non–steroidal anti–inflammatory drugs in 
wastewater and water environment and methods of their removal – selected issues, 
Archives of Waste Management and Environmental Protection, Vol. 17(1), 2015, 33-38.

[28]	 Schafer A.I., Akanyeti I., Semiao A.J.C., Micropollutant sorption to membrane 
polymers: A review of mechanisms for estrogens, Advances in Colloid and Interface 
Science, Vol. 164, 2011, 100-117.

[29]	 Shi J., Liu X., Chen Q., Zhang H., Spatial and seasonal distributions of estrogens 
and bisphenol A in the Yangtze River Estuary and the adjacent East China Sea, 
Chemosphere, Vol. 111, 2014, 336-343.

[30]	 Vulliet E., Cren-Olive C., Screening of pharmaceuticals and hormones at the regional 
scale, in surface and groundwaters intended to human consuption, Environmental 
Pollution, Vol. 159, 2011, 2929-2934.

[31]	 Yan Z., Lu G., Liu J., Jin S., An integrated assessment of estrogenic contamination 
and feminization risk in fish in Taihu Lake, China, Ecotoxicology and Environmental 
Safety, Vol. 84, 2012, 334-340.

[32]	 Yu Y., Wu L., Chang A.C., Seasonal variation of endocrine disrupting compounds, 
pharmaceuticals and personal care products in wastewater treatment plants, Science 
of the Total Environment, Vol. 442, 2013, 310-316.

[33]	 Yuan X., Li T., Zhou L., Zhao X., Characteristics and Risk Assessment of Estrogenic 
Compounds in Rivers of Southern Jiangsu Province, China, IERI Procedia, Vol. 9, 
2014, 176-184.

[34]	 Zhang X., Gao Y., Li Q., Guo Q., Yan C., Estrogenic compounds and estrogenicity 
in surface water, sediments, and organisms from Yudang Lagoon in Xiamen, China, 
Archives of Environmental Contamination and Toxicology, Vol. 61, 2011, 93-100.

[35]	 Zhou X., Lian Z., Wang J., Tan L., Zhao Z., Distribution of estrogens along Licun River 
in Quingdao, China, Procedia Environmental Sciences, Vol. 10, 2011, 1876-1880.


