
Emerging pollutantsEmerging pollutants

● Compounds with an 
ever-growing presence 
in the biosphere and 
water [1]

● Related to inadequate 
waste disposal

MicropollutantsMicropollutants
● Emerging pollutant 
that causes harmful 
effects in 
concentrations in the 
order of μg/L and ng/L 
[2]

● Examples: hormones, 
pharmaceuticals, heavy 
metals, etc…

Endocrine disruptorsEndocrine disruptors
● Class of 
micropollutants that 
deregulate the 
endocrine system in 
humans and animals [3]

● Not easily removed by 
wastewater and sewage 
treatment facilities
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To solve the issue of estrogen contamination, several separation methods have been
proposed. Adsorption has been studied as a viable and practical alternative with a variety
of highly efficient adsorbents, such as resins, silica, clays, zeolites, graphene oxides,
chitosan, multi-walled carbon nanotubes and activated carbons [4].

Types of estrogen

Introduction

Figure 3. Chemical structure of 17α-ethinylestradiol (estrogen EE2).

Figure 1. Chemical structure of estrone 
(estrogen E1).

Figure 2. Chemical structure of 17β-estradiol 
(estrogen E2).

Pathways for estrogen contamination

Figure 4. Main pathways for estrogen contamination in humans and animals.

Properties of activated carbon

• Carbonaceous material mainly composed of lignin and cellulose
• Well defined microporous structure
• Rich amount of surface chemical groups (i.e.: hydroxides, ketones, aldehydes, 

carboxylic acids, etc…)
• High surface area and porous volume

In more recent years, there has been a transition from non-renewable adsorbent sources,
like coal, to more green and low-cost sources, like agro-industrial and forestry biomass rich
in carbon compounds, such as activated carbon [4].

Estrogen contamination in Portugal

Figure 5. Maximum estrogen concentration detected by district in Portugal. [5-12]

Estrogen impact on human health

Female disordersMale disordersType of disorder
• Premature puberty
• Delayed puberty
• Disturbed lactation

• Premature puberty Endocrine

• Disorders in ovulation• Infertility (oligospermia)Reproductive
• Vaginal cancer 

(adenocarcinoma)
• Breast cancer

• Testicular cancerOncological

• Intrauterine growth
restriction

• Intrauterine growth restriction
• Sexual deformities such as 

cryptorchidism and hypospadia

Fetal/neonatal 
conditions

Table 1. Summary of disorders in humans provoked by endocrine disruptors. [13]
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RefKinetic 
Model

Isotherm 
Model

Adsorption 
capacity 
(mg/g)

ActivationAdsorbentEstrogens

14PSOFreundlich0.387 –
0.420No activationBanana 

pealE1, E2

15GeneralLangmuir1.68CarbonizationPalm 
kernel shellEE2

16PSOFreundlich0.80 – 2.80 PyrolysisWallnut 
shellE1, E2, E3

17PSOLangmuir99.8PyrolysisCorn strawE2

18PSOLangmuir99.67 –
133.45

K2FeO4 + 
pyrolysis

Wood 
sawdustE2

Table 2. Selected adsorption studies from literature and respective main results.
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