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What levels of estrogen hormones can be found in swimming pool
water?
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Abstract

Estrogens are a group of sex hormones. The entry of this hormone into the human body causes premature puberty, breast,
and uterus cancer, etc. Due to sustainability, harmful effects, and its skin absorption, the identification of this hormone
in swimming pools is a must. The carrying out of this research was based on estrogen tracking from a collection of four
swimming pools in various days of the week: exclusively masculine, exclusively feminine, and those used by both men and
women alternatively. Estrogen and the remained chlorine of raw water of the pool inlet as well as water inside the pool were
measured during hot and cold seasons of the year. The measurements of the samples were done using electrochemilumi-
nescence apparatus. The sampling results show a significant increase in the pools relative to filling water. Also, the results
verify that the average increase in estrogen concentrations in the feminine pool was 17.95 pg/ml, while the increase in the
masculine was 8.96 pg/ml. The maximum estrogen of the feminine pools at 30.8 pg/ml occurred in hot seasons due to more
usage. According to the obtained results, swimming pools have considerable level of estrogens. It needs more studies about
the health risks of these levels of estrogen in swimming pools.
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Introduction

The swimming pools could be ambiences for transmission
of diseases owing to the skin and mucous secretions as
well as dissolving ointments and medications used by the
swimmers (Khodaee et al. 2016). Hormones, and especially
estrogens, are among the materials the existence of which in
pool waters is less studied. Hormones are a group of chemi-
cals which are produced in humans and animals and control
many activities, so that a slight increase or decrease in which
from the normal level may lead to extreme effects on the
body and cause incidence of diseases.

Estrogens are subsumed in hormones including Estradiol
(E3), Estradiol (E2), and Estrone (E1). They are female sex
hormones made in the ovary, though they are made also in
men’s testicles to a low degree. Estrogens account for the
development of reproductive system and secondary traits in
women (Ryan 1982).
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Besides the human body, the plants (Anderson et al.
2003), chemicals, some pesticides such as DDT, certain
drugs combinations, detergents, plastics, and industrial
materials are also likely possessors of compounds similar
to estrogens.

Estrogens entering into water or sewage could mislead
the controlled activities of natural body estrogens and may
bring about diseases of testicles, ovaries, sperm reduction,
and undesirable effects of reproduction such as infertility,
cancers, and mutations (Wise et al. 2011).

Synthetic estrogens exist in pharmaceutical ingredients
like anticonvulsants and antidepressants, pesticides, plas-
tic products, household products, industrial chemicals, and
contraceptives, so that they may lead to precocious puberty,
breast cancer, testicular cancer, and uterus cancer, and birth
of incomplete and bisexual infants (Anderson et al. 2003).
Nonetheless, studies have shown positive effects of estrogens
on skin rejuvenation in postmenopausal women by apply-
ing cosmetic creams containing estrogens (Stevenson and
Thronton 2007).

The most important entering way into water sources is
via urinating, disposal of pharmaceutical waste to swages,
and birth control pills or hormonal drugs. Sometimes, the
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combination of these hormones changes in urine, but they
might be restored after urination by the bacteria in aquatic
environments and may be turned into the original form
(Moore et al. 2011).

The main problem with pharmaceutical estrogens is that
they are capable of being escalated by the synthetic environ-
mental estrogens arising from pesticides, plastics, household
products, and heavy metals. These materials play the role
of the actual estrogen in the body that aggregates around fat
tissues. These are not easily decomposed and remain intact
in the environment and finally enter the food chain before
taking in the body (Anderson et al. 2003).

Approximate solubility of the hormones of normal estro-
gen in aquatic environments is 3 mg/l and that of synthetic
estrogen is 0.3 mg/1 (Yin et al. 2002).

Besides human, aquatic living creatures may fall under
the influence of estrogens (Kurihara et al. 2007) so that
estrogens may cause reduced fertility even up to 50% (Vojda
et al. 2011), reduction in sperms (Gadd et al. 2005), or
genetic changes (Burki et al. 2006). An example thereof is
the researches done upon horses making use of water con-
taining estrogen compounds (Gibson et al. 2005).

The hormone of estrogen, though having very low solu-
bility, is nearly ubiquitous in the environment so that it could
infiltrate to human body as colloidal solution with high pH
(Campell et al. 2006).

Estrogen contamination has been seen in soil, surface
water resources, groundwater, and especially in refined sew-
age effluents. In the latter case, the amount of the hormone
depends on both the burden of sewage pollution and the type
of filtration system. Observation of the estrogen hormone in
groundwater resources is due to usage of animal dung, sew-
age effluent at ground level, and infiltration through runoff
and washing. Even the empty plastic bottles of mineral water
may be conducive to transfer of estrogen compounds in the
water inside the bottle (Wanger and Oehlmann 2009).

Also, studies have been under way concerning succes-
sive methods of estrogen removal from water and wastewater
with reverse osmosis membranes and nano-filter (Nghiem
et al. 2004; Hashemi et al. 2018; Hashemi and Khodabakh-
shi 2016) biological treatment processes (Koh et al. 2007),
and aerated lagoons (Mohebzadeh et al. 2013).

Various investigations were done about the ways this hor-
mone could transfer to groundwater, as well as the role of
soil layers in absorption of estrogen hormone (Soul et al.
2005; Labadie et al. 2007; Golzari and Taghizadeh 2016).

Researches show the possibility of absorption of estro-
gen compounds through skin. This absorption was shown
to be even 10 times more in the condition of moist skin
(Biedermann et al. 2010). Hence, whenever the concentra-
tion of this hormone in swimming pools’ water goes high, its
danger threatens the swimmers. Therefore, investigations on
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existence and concentration increment of this contaminant
are indispensable.

In this research, we engage in studying estrogen levels
in the public pools of Shiraz city including the exclusively
masculine pools, the exclusively feminine pools, and those
used by both men and women alternatively.

Materials and methods

The experiment was based on tracing estrogen hormone from
a set of four swimming pools in Shiraz. The project imple-
mentation was sampling of the pools. The samples were sent
to laboratory after free chlorine tests and pH measurement
to figure out estrogen, thermal, and heterotrophic bacteria,
alkalinity, and calcium hardness. (The remained chlorine and
water pH as a chemical indicator were measured at the site.)
Performance of microbial tests was done by multi-tube fer-
mentation method. Water alkalinity by titration and hardness
of water calcium through standard methods (APHA 2005)
were carried out. The samples were taken from the depth of
10-30 cm from the water level near the outlet. While send-
ing the samples to laboratories according to the standards,
the microbial samples were transferred in the vicinity of ice
and in the range of 0—4 °C, and the other ones were sent in
the shortest time possible to minimize the test error. Overall,
74 samples were taken from the pools while all in sterilized
containers to minimize the error of the experiment. Glass
containers sterilized in autoclave were applied with suffi-
cient amount of sodium thiosulfate to neutralize chlorine. In
conducting chemical tests and examining estrogen, entirely
clean plastic containers were needed.

Sampling locations: As stated above, four swimming
pools were selected in the city. Table 1 shows the features of
the sampled pools according to sexuality. The reason behind
the selection of pools as masculine, feminine, and alternative
is to evaluate the effects of sexuality on the amount of this
hormone in the pools.

The method of estrogen experiment was on the basis of
electrochemiluminescence which is a new way in recogni-
tion of the immunometric analytics. The building block of
this method stays on the usage of antibody against the meas-
ured analyze. Thereby, the concentrations between 10 Mol
and 15 Mol are measured in a short time. In this method, a
platinum electrode is added to the system which causes the
light focus on the place of detector and prevents the diffu-
sion of light. The electrode also regulates the reaction time
range so that the reaction of light production is started with
establishing the electric current and ends with the current
cutoff. A joint German and Japanese product of “Roche” and
“Hitachi,” the Elecsy 2010 apparatus was used to measure
estrogen having the measurement accuracy as +0.05 ml/
pg. The results were determined through a calibration curve



Applied Water Science (2019) 9:132 Page3of6 132
Table 1_ Features Of, pools Name Pool no. 1 Pool no. 2 Pool no. 3 Pool no. 4
according to sexuality
Type Indoor Indoor Indoor Indoor
Days used (feminine) All the week Saturday, Monday, Sunday,
Wednesday, Tuesday,
Friday Thursday
Days used (masculine) All the week Sunday, Tuesday,  Saturday,
Thursday Monday,
Wednes-
day, Friday
Table 2 Appearance information of pools
Pool characteristics Pool no. 1 Pool no.2 Pool no. 3 Pool no.4
Pool volume (m®) 1700 2000 3600 1700
Capacity (person) 150 200 400 150
Source of pool water Municipal piped water supply ~ Municipal piped water supply ~ Well Municipal piped water supply
Treatment system Recycled sand filter Recycled sand filter Recycled sand filter ~ Recycled sand filter
Chlorination system Gas chlorinator Gas chlorinator Gas chlorinator Gas chlorinator
Remained free chlorine 1.5-3 1.5-3 1.5-3 1.5-3
concentration (ppm)
Pool temperature (C) 25-29 25-29 25-29 25-29
pH 7.2-8 7.2-9 7.2-8 7.2-8

generated by a two-point calibration and an indicator curve
provided by the reagent barcode.

Results and discussion

Table 2 contains the information taken from the general fea-
tures of the swimming pools, while pH and temperature were
obtained from long-term experiments statistics available at
the pools’ offices.

Results of estrogen in inlet raw water

Table 3 shows the inlet water qualities such as pH, the
remained chlorine, and the concentration of estrogen dur-
ing two samplings.

As inferred from the results of Table 3, the inlet raw water
into the pools contained some estrogen with the maximum
value attributed to Pool 3 which has been fed by well water.

Results of microbial and chemical experiments

Table 4 represents the microbial and chemical quality of the
pools water.

The results tell us that the microbial and chemical factors
extant in water are within the standard range recommended
by WHO (2006). So, there is the hypothesis that these fac-
tors affect equally upon the samples.

Table 3 Quality of inlet raw water into pools

Pool no. Estrogen (pg/ml) mg/l cl, pH
Pool 1 7.3 04 7.4
9.8 0.3 7.4
Pool 2 9.3 0.5 7.4
8.7 04 7.4
Pool 3 12.3 0 6.8
10.22 0 7
Pool 4 9.05 0.2 7.2
Pool no 7.28 0.5 7.2

Table 4 Microbial and chemical quality of the pools water

Pool no. Poolno. 1 Pool no.2 Poolno.3 Pool no. 4

Coliforms <1 <1 <1 <1
(MPN/100 ml.)

Heterotrophs <200 <200 <200
(No/100 ml.)

Alkanity (mg/l, <200 <120
caco3l)

Ca. hardness(mg/I, <120 <120 <250

caco3)
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Table 5 Results of estrogen
measurements in different pools

Sampling time Estrogen concentra-

Estrogen concentra-  Estrogen concentra-  Estrogen concentra-

o tion (POOL1) (pg/  tion (POOL2) (pg/  tion (POOL3) (pg/  tion (POOLA4) (pg/
during six time stages ml) ml) ml) ml)
July 277 23.09 25.52 28.03
September 34.73 17.84 23 21.8
September 23.7 18.4 22.6 20.9
October 30.8 23.1 16.3 20.1
November 18.7 16.3 20.8 17.20
November 14.3 12.8 17.4 18.05
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Fig. 1 Results of estrogen existing in the inlet water and the average
water for each pool
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Results of estrogen measurements in different pools

Table 5 shows the results of the samplings performed during
six time stages.

Figure 1 illustrates the results of estrogen existing in the
inlet water and the average water for each pool.

By using SPSS, a significant test was applied on the aver-
age estrogen existing in the water of each pool as well as the
raw water thereof to conclude, as observed in Fig. 1, that
the water estrogen has had a significant increase compared
to the initial value (p >0.05). Therefore, one could deduce
that estrogen has made its way into water via the swimmers.
The increase in estrogen in the pools may be the outcome
of the following:

1. The use of estrogen sunscreens prescribed by medics to
protect skin against UV ray;

2. The use of anti-inflammatory and anti-aging skin oint-
ments and lotions having estrogen compounds;

3. Physical discharges and not taking adequate showers
before entering the pools.

Considering the results of water estrogen in the pools
among the months of the year, it turns out, not surprisingly
that in warmer seasons in which the use of referrals to the
pools has been greater, estrogen was more waterborne, so
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Fig.2 Concentration changes of estrogen during July to December
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Fig.3 Average changes of estrogen in the pools

that numerical value of estrogen had a direct relationship
with the user population.

According to the results of Table 5, the overall diagram
of average estrogen in each pool per month is as Fig. 2.

As is seen in the figure, the effects of cold months of
the year on the increase in estrogen hormone have been
declining due to reduced user population.

The main purpose of selection of the pools according
as masculine, feminine, and alternatively both sexes is to
study the effect of sexuality on the estrogen existing in
water. Figure 3 shows the average changes of this hormone
in the pools.
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With reference to the Fig. 3, Pool 1 used merely by
women has been of the most estrogen level, as predicted.
The level in Pool 2 had the least value, and as to Pools 3 and
4, the values were almost in concert. The statistical T test
done by SPSS reveals the significant difference in estrogen
level between the masculine and feminine swimming pools
with 95% safety and p value =0.097 > 0.05.

Conclusion

As the results of experiments in the pools show, it is known
that the estrogen level has increased significantly in propor-
tion to the inlet raw water in each pool, which is a token of
the estrogen increase via the swimmers. In warmer months
of the year with more use of referrals, the estrogen level has
increased, showing that the level had a direct relation with
the user population. The pools used by women had more
estrogen hormones than those referred to by men.

To prevent the effects of estrogen risks upon pathogenic-
ity in men, it is suggested that the pools should be more
separate. Also, according to the effect of user population
on increase in estrogen concentration, it is recommended
that the capacity of women’s pools is considered to be less.

More medical studies are needed concerning increase
in estrogen concentration as a result of bathing in pools.
Typical estrogen removal methods in pool water treatment
should be taken into account. Draining the pools water into
water resources without treatment should be interdicted due
to known effects of estrogen on the environment.

Acknowledgements The present article is extracted from dissertation
of MSc thesis conducted in Islamic Azad University, Estahban Branch.
The authors would like to thank the University officials and Medical
Laboratory of Dr. Saadati.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Anderson H, Siegrist H, Sorensen BH, Ternes TA (2003) Fate of estro-
gens in a municipal sewage treatment plant. Environ Sci Technol
37(18):4021-4026. https://doi.org/10.1021/es026192a

APHA (2005) Standard methods for the examination of water and
waste water, 21st edn. American Public Health Association,
Washington, DC

Biedermann S, Tschudin P, Grob K (2010) Transfer of bisphenol a
from thermal printer paper to the skin. Anal Bio Anal Chem
398(1):571-576. https://doi.org/10.1007/s00216-010-3936-9

Burki R, Vermeirssen ELM, Korner O, Joris C, Burkhardt-Holm P,
Segner H (2006) Assessment of estrogenic exposure in brown

trout samatotruttal in a Swiss midland river, integrated analysis
of passive samplers, wild and eaged fish, and vitellogenin mRNA,
and protein. Environ Toxicol Chem 25(8):2077-2086

Compbell CG, Borglin SE, Green FB, Grayson A, Wozei E, String-
fellow WT (2006) Biologically directed environmental moni-
toring, fate, and transport of estrogenic endocrine disrupting
compounds in water. Chemosphere 65(10):1265-1280

Gadd J, Stewart C, Sikes E (2005) Estrogenic activity and known
environmental estrergnes in sewage effluent, Hamilton, New
Zealand. Australas J Ecotoxicol 11:149-154

Gibson R, Smith MD, Spary CJ, Tyler CR, Hill EM (2005) Mixtures
of estrogenic contaminants in bile of fish exposed to waste water
treatment work effluents. Environ Sci Technol 39(8):2461-2471.
https://doi.org/10.1021/es048892¢g

Golzari A, Taghizadeh MM (2016) The role of soil layers in prevent-
ing ground water pollution with 178-estradiol hormone (E2).
Environ Health Eng Manag J 3(1):9-14

Hashemi H, Khodabakhshi A (2016) Complete treatment of compost
leachate using integrated biological and membrane filtration
processes. Iran J Chem Chem Eng 35(4):81-87

Hashemi H, Hoseini M, Ebrahimi AA (2018) Flat sheet membrane
sequencing batch bioreactor for the removal of coliforms and
heavy metals from stabilized composting leachate. J Environ
Eng 144(4):04018015

Khodaee M, Edelman GT, Spittler J, Wilber R, Krabak BJ, Solomon
D, Riewald S, Kendig A, Borgelt LM, Riederer M, Puzovic V,
Rodeo S (2016) Medical care for swimmers. Sports Med 2:27.
https://doi.org/10.1186/s40798-016-0051-2

Koh YYK, Chiu TY, Boobis I, Cartmell E, Scrimshaw MD, Lester
JN (2007) Treatment and removal strategies for estrogens from
waste water. Environ Technol 29:245-267

Kurihara R, Watanabe E, Ueda Y, Kakuno A, Fujii K, Shiraishi
F, Hashimoto S (2007) Estrogenic activity in sediments con-
taminated by nonylphenol in Tokyo Bay (Japan) evaluated by
vitellogenin induction in male mummichogs. Mar Pollut Bull
54(9):1315-1320

Labadie P, Cundy AB, Stone K, Andrews M, Valbonesi S, Hill EM
(2007) Evidence for the migration of steroidal estrogens through
river bed sediments. Environ Sci Technol 41(12):4299-4304.
https://doi.org/10.1021/es063062j

Mohebzadeh T, Taghizadeh MM, Takdastan A, Dehghani M (2013)
Comparing the performance of wastewater treatment using
activated sludge and aerated lagoons processes in the removal
efficiency of estradiol hormones. Jundishapur J Health Sci
5(3):149-156

Moore K, McGuire KI, Gordon R, Woodruff TJ (2011) Birth control
hormones in water separating myth from fact. Editorial 84:115—
118. https://doi.org/10.1016/j.contraception.2011.04.014

Nghiem LD, Manis A, Soldenhoff K, Schifer AI (2004) Estrogenic
hormone removal from waste water using NF/RO membranes.
J Membr Sci 242:37-45. https://doi.org/10.1016/j.memsc
1.2003.12.034

Ryan KJ (1982) Biochemistry of aromatase: significance to female
reproductive physiology. Cancer Res 42(8 Suppl):3342s—3344s

Soul C et al (2005) Effect of agreicultural antibiotics on the persis-
tence and transformation of 17-estradiol in a Sequatchie loam.
Environ Sci Health 40(5):741-751

Stevenson N, Thronton J (2007) Effect of esterogen on skin aging and
the potential role of SeRMS. Clin Interv Aging 2(3):283-297

Vojda AM, Barber LB, Gray JL, Lopez EM, Bolden AM, Schoe-
nfuss HL, Norris DO et al (2011) Demasculinization of male
fish by waste water treatment plant effluent. Aquat Toxicol
103(3-4):213-221

Wanger M, Oehlmann J (2009) Endocrine disruptors in bottled min-
eral water total estrogenic burden and migration from plastic
bottles. Environ Sci Pollut Res Int 16(3):278-286

iglue Lol auo .
KACST ,161)lg rogLe Ll @ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1021/es026192a
https://doi.org/10.1007/s00216-010-3936-9
https://doi.org/10.1021/es048892g
https://doi.org/10.1186/s40798-016-0051-2
https://doi.org/10.1021/es063062j
https://doi.org/10.1016/j.contraception.2011.04.014
https://doi.org/10.1016/j.memsci.2003.12.034
https://doi.org/10.1016/j.memsci.2003.12.034

132 Page6of6 Applied Water Science (2019) 9:132

WHO (2006) Guidelines for safe recreational water environments.
Volume 2, Swimming pools and similar environments. www.
who.int/water_sanitation_health/bathing/srwe2full.pdf

Wise A, O’Brien K, Woodruff T (2011) Are oral contraceptives a sig-
nificant contributor to the estrogenicity of drinkingwater? Environ
Sci Technol 45(1):51-60

Yin GG, Kookana RS, Ru YJ (2002) Occurrence and fate for hormone
steroids in the environment. Environ Int 28:545-551

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer


http://www.who.int/water_sanitation_health/bathing/srwe2full.pdf
http://www.who.int/water_sanitation_health/bathing/srwe2full.pdf

	What levels of estrogen hormones can be found in swimming pool water?
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Results of estrogen in inlet raw water
	Results of microbial and chemical experiments
	Results of estrogen measurements in different pools

	Conclusion
	Acknowledgements 
	References




