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Abstract 

During the past several years much attention has been given to the potential endocrine 

disrupting chemicals present in the aquatic environment. Several studies have investigated 

effluents from municipal sewage treatment plants and industries. However, leachates from 

deposition sites can also contribute to disturb the normal physiology and endocrinology of 

humans and wildlife, due to the contamination of surface water and groundwater. These 

deposition sites pose a serious threat to the environment, due to the increasing consumption of 

materials and insufficient methods to take care of the increasing volumes of wastes.  

Much consideration has been given to develop new in vitro and in vivo methods to identify 

and classify endocrine disrupting chemicals present in the environment. In this paper an in 

vitro-test based on recombinant yeast strains transfected with genes for the human estrogen 

receptor α and androgen receptor was developed to examine the presence of anti-estrogenic 

and anti-androgenic substances in seven Swedish landfill leachates, designated landfill A to 

G. Anti-estrogenicity was detected in some landfill leachates, ranging between < 38 - 3760 µg 

hydroxytamoxifen equivalents L-1, though some of the levels were below the quantitative 

limits. There was a large variation in the anti-androgenic activity observed in the different 

landfill leachates, ranging between 350 - 5100 µg flutamide equivalents L-1. No conclusion 

could be drawn on the identity of potential antagonistic substances present in the leachates 

and or potential contribution to the observed activity. Neither could the type of waste 

deposited on the landfills explain the huge variation in the anti-estrogenic and anti-androgenic 

activities observed.   

Fractionation of three samples of leachates from Landfill A (leachate pond, central part, 

and old part) showed a fraction of leachate from the central part and the older part of the 

landfill to be estrogenic. A possible anti-estrogenic activity was observed in two other 

fractions of leachate from all the three samples, while the central part also displayed anti-

estrogenic activity in two other fractions. This indicated a heterogeneous mixture of anti-

estrogenic substances. Two fractions of the leachate from leachate pond water and leachate 

from the central part of Landfill A showed anti-androgenic activity. However, the old part of 

the landfill did not have any significant anti-androgenic activity. Indications of the substances 

being of more homogenous nature regarding their lipophilicity were suggested.  

The study showed that the developed method was successful in detecting the presence of 

antagonistic substances in Swedish landfill leachates. 
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Introduction 

During the past several years it has become apparent that effluents from municipal sewage 

treatment plants, industries and leachates from solid waste deposition sites contain a variety of 

substances (xenobiotics), which can have the potential to disturb the normal physiology and 

endocrinology of humans and wildlife (Colborn et al., 1993; Cooper and Kavlock, 1997; 

Baun et al., 1999). Substantial scientific evidence indicates that a multitude of environmental 

contaminants have steroid hormone mimicking properties and in some cases, produce 

biological responses qualitatively similar to those produced by endogenous hormones (Jobling 

and Sumpter, 1993; Sumpter and Jobling, 1995; Harries et al., 1996; Jobling et al. 1996, 

1998; Katsiadaki et al., 2002). Most studies on endocrine disrupting chemicals (EDCs) have 

focused on environmental chemicals that mimic biological activities of the female sex 

hormone estrogen (so-called xenoestrogens), which mimic or enhance the action of the 

hormones at their receptor molecules (Routledge and Sumpter, 1996; Beresford et al., 2000; 

Svenson et al., 2002a; Svenson et al., 2004a). However, it is also possible for xenobiotic 

substances to interfere with the synthesis of the receptor protein, affecting the synthesis, 

metabolism, transport or excretion of hormones, and also to interfere with the feedback 

mechanisms operating through the hypothalamus and pituitary gland, or to damage endocrine 

organs directly (Allen et al., 1999). There is no reason to believe that androgenic endocrine 

disruption does not occur in the environment. The first known example of environmental 

androgenization was observed among a population of mosquitofish (Gambusia holbrooki) in 

Elevenmile Creek, Florida, in which all examined females were externally masculinized, 

possibly due to effluent discharges from a paper mill (Howell et al., 1980). Although, many 

years have passed since the discovery by Howell and colleagues, Cody and Bortone (1997) 

found similar results investigating the same river in 1997, indicating that the endocrine 

disrupting chemicals were still present in the effluents. Androgenic effects have also been 

reported from areas close to pulp mill effluents in Sweden where eelpout (Zoarces viviparus) 

sex ratios were significantly male biased (Larsson et al., 2000). 

Disruption of normal endocrine function by interference with either androgenic or 

estrogenic hormone regulation can lead to decreased reproductive capacity, disturbed 

development, endometriosis, and increase of cancer incidence (Harries et al., 1996; Jobling et 

al., 1998; Sohoni and Sumpter, 1998: Van der Belt et al., 2002). Contamination of freshwater 

reservoirs by leachates from deposition sites might pose a serious threat to the environment 
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due to the increased number of refuse dumps and volumes of deposited waste material (Baun 

et al., 1999; Noaksson et al., 2001, 2003a, b). Noaksson et al. (2001) reported that in 1993 the 

relatively small country of Sweden had more than 500 active refuse dumps and approximately 

6000 that were no longer used, of which many were unregistered (Swedish Environmental 

Protection Agency [SEPA], 1998). Refuse dumps are potential point sources of both past 

anthropogenic substances, whose use is now banned by laws and regulations, and present ones 

(Noaksson et al., 2001, 2003a, b). These leachates can contain high concentrations of organic 

and inorganic compounds, depending on the age of the site and the type of waste deposited. 

Most landfill sites in Europe possess a bottom sealing in order to prevent contact with soil and 

groundwater (Coors et al., 2003). In Sweden leakage water from most registered refuse 

dumps is lead to nearby sewage treatment plants, but there are still uncontrolled landfills 

where the leachate is able to infiltrate groundwater and surface waters (SEPA, 1998; 

Noaksson et al., 2001). 

Much attention is being devoted to the development of in vivo and in vitro screening 

strategies to identify and classify xenoestrogens. However, in vivo assays are often costly and 

time-consuming and therefore need to be used in conjunction with reliable in vitro tests 

(Beresford et al., 2000). Previous studies investigating the biological effects of leachate from 

refuse dumps or waste landfills have used several different systems to assess the possible 

effects, mainly focused on acute toxic effects on invertebrates. Lambolez et al. (1994) and 

Baun et al. (1999) studied growth and mortality in green algae and in Daphnia magna, while 

Devare and Bahadir (1994) evaluated landfill leachates using plants and luminescent bacteria. 

Various species of fish, including rainbow trout (Onchorhynchus mykiss), sockeye salmon 

(Oncorhynchus nerka), and tilapia (Sarotherodon mossambicus) have also been investigated 

for acute toxicity (Atwater et al., 1983; Wong et al., 1989). Ames test has been employed for 

assessing genotoxicity by Lambolez et al. (1994). The above mentioned tests revealed that 

many leachate samples were both highly acutely toxic and genotoxic (Noaksson et al., 2001).  

Several in vitro methods have been developed to screen estrogenic activities in wastewater 

effluents. Routledge and Sumpter (1996) described a yeast-based receptor screen test, which 

is one of the most widely used methods to investigate estrogenic or androgenic activities in 

the aquatic environment. The DNA sequence of human estrogen receptor α (hERα) or human 

androgen receptor (hAR) is integrated into the yeast (Saccharomyces cerevisiae) genome 

associated with an estrogen or androgen responsive expression system linked to β-

galactosidase. When these cells are exposed to either estrogens, androgens or mimicking 

chemicals a chain of events is occurring, which can be measured quantitatively. 
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A complement to the yeast-based method is the induction of vitellogenin in male or 

juvenile fish as a response to estrogenic activity (Sumpter and Jobling, 1995). In fish 

vitellogenin is produced under the control of estradiol in the liver of sexually maturing 

females and transported by the blood to the ovary, taken up by growing oocytes, and cleaved 

into yolk proteins. High doses of vitellogenin are normally found in maturing females, 

whereas the levels in males or juvenile fish are very low (Harries et al., 1996; Larsson et al., 

1999; Svenson et al., 2002b). Male fish will produce vitellogenin if they are exposed to 

estrogens or estrogen-like substances (Jobling et al., 1996; Svenson et al., 2000). 

Noaksson and colleagues investigated endocrine disruption in perch (Perca fluviatilis) and 

roach (Rutilus rutilus) (2001) and brook trout (Salvelinus fontinalis) (2003a) exposed in 

surface waters downstream an abandoned public refuse dump. Impaired gonadal development 

and delayed maturity, and reduced circulating levels of testosterone and 17β-estradiol was 

observed by Noaksson et al (2001, 2003a,b) and has previously been reported by McMaster et 

al. (1995) in white sucker (Catostomus commersoni) exposed to bleached kraft mill effluents 

at Jackfish Bay, Lake Superior, USA. Results by Noaksson et al. (2001, 2003a, b) indicated 

that the fish were not exposed to well known environmental pollutants, such as polycyclic 

aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs), but to other 

pollutant(s) causing the observed severe reproductive disorders. The source was suspected to 

be leachate water from a 20-year old public municipal refuse dump.  

Several surveys from the UK have revealed that effluents from sewage treatment works 

induced synthesis of vitellogenin in caged male rainbow trout (Oncorhynchus mykiss), 

indicating the presence of estrogenic substances (Purdom et al., 1994; Sumpter, 1995; 

Sumpter and Jobling, 1995; Harries et al., 1996). In addition, a high incidence of 

intersexuality among wild roach (Rutilus rutilus) was observed throughout the UK also 

associated with effluents from sewage treatment works (Jobling et al., 1996, 1998). Studies 

performed by Harries and colleagues (1996, 1997) reported of estrogenic effects for several 

kilometres downstream of sewage treatment works in the UK, although, the effect usually 

declined rapidly with distance due to dilution and other processes. Estrogenic effects on 

juvenile rainbow trout have also been observed in effluents from a Swedish sewage treatment 

work (Larsson et al., 1999). Jobling et al. (1996) reported of inhibition of testicular growth in 

rainbow trout exposed to estrogenic chemicals. In addition, in the marine environment, male 

flounder (Platichthys flesus) have also showed elevated levels of vitellogenin and increased 

incidence of ovotestes (Lye et al., 1997). Guillette and colleagues (1994) reported of 
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feminization of alligators in Lake Apopka, Florida, probably due to a chemical spill of dicofol 

and DDT or its metabolites, which can act as estrogens.  

Noaksson et al. (2001) detected defects in gonad development in perch (Perca fluviatilis) 

and roach (Rutilus rutilus) in the vicinity of a refuse dump. Katsiadaki et al. (2002) developed 

an enzyme-linked immunosorbent assay to detect androgenicity in paper mill effluent. They 

found production of spiggin in female sticklebacks (Gasterosteus aculeatus), which is a glue 

protein normally produced by male sticklebacks to construct nest for spawning and rearing of 

eggs and larvae. 

It is clear that endocrine disruptors have been known for a long time, but the recent interest 

stems largely from the fact that these substances have the potential to act at often very low 

concentrations, and that some effects can be triggered during embryonic or larval 

development, but can only be expressed during adulthood or in subsequent offspring. Many 

apparently unrelated but nevertheless agonistic or antagonistic substances, at individually 

negligible concentrations, can therefore potentially contribute to adverse effects in organisms 

exposed to complex mixtures (Allen et al., 1999).  

Rivers and estuaries throughout the world are repositories for enormous amounts of 

industrial and domestic waste containing thousands of chemicals, both natural and 

anthropogenic (Jobling et al., 1998). Organisms living in the receiving water exposed to 

discharges are more likely to be exposed to toxic substances than terrestrial organisms, which 

could lead to global impact. Although many countries work actively to try and decrease 

industrial pollutants, the increasing numbers of refuse dumps and volumes of refuse dumped 

is evidence of their lacking ability to manage recycling of natural resources (Noaksson et al., 

2001). Hence, there is an urgent need to develop methods to measure the release of endocrine 

disrupting chemicals into the environment.  

Endogenous estrogens and their effects 

Estrogens belong to the sex hormones that regulate the female reproductive cycle and 

developmental processes, maintain pregnancy, and prepare the mammary glands for lactation 

(Jobling et al., 1998). They are also responsible for the development and maintenance of 

feminine secondary sex characteristics (Olsson et al., 1998; Tortora and Grabowski, 2000). 

Estrogens are synthesized in the ovaries, testes, and adrenal glands, and are also active 

metabolites of testosterone (Ramos et al., 2001). Estrogens do not only occur in females, but 
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are also present in the male though generally at much lower levels, where they have a central 

role in male reproduction (Olsson et al., 1998). 

The endogenous estrogens are 17β-estradiol (E2), estrone and estriol (Jobling and Sumpter, 

1993; Olsson et al., 1998; Ramos et al., 2001). These estrogens consist of 18 carbon atoms; 

they are so-called C18-steroids (Olsson et al., 1998). Synthetic estrogens include 

diethylstilbestrol, equilin, esterified derivatives of E2, 17α-ethinylestradiol (EE2), mestranol, 

and quinestrol (Ramos et al., 2001). 
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Figure 1. Chemical structure of 17β-estradiol and 17α-ethinylestradiol. 

 

Estrogens act by binding to the estrogen receptors α (ERα) and β (ERβ), which are the 

receiving molecule of E2 and other substances with estrogenic properties in the target cell. 

The estrogen receptors are unique among the steroid receptors in their ability to embrace a 

wide variety of non-steroidal compounds. The gap of the ligand binding domain on the ER is 

much larger than that E2 requires, so there is space for a variety of other molecules to interact 

with the receptor (Brzozowski et al., 1997). Olsson and colleagues (1998) suggested that the 

different estrogen receptors may have different ligand binding and trans-activating properties. 

Agonists and antagonists bind at the same site on the ER, but demonstrate different binding 

modes (Brzozowski et al., 1997). Some estrogens can be more potent than others, e.g. 

estradiol is 10 000 times more potent than the xenoestrogen bisphenol A (Beresford et al., 

2000). The ER is very similar among fish and mammals, which explains why chemicals that 

act as estrogens do so throughout the vertebrates (Sumpter and Jobling, 1995).  

The precise structural requirements for estrogenic activity are not yet fully understood, 

since the range of known estrogen mimics are so structurally diverse (Harries et al., 1996; 

Petit et al. 1997; Beresford et al., 2000). Katzenellenbogen (1995) suggested that the phenol-

group attached to one end of the estrogen molecule or the functional equivalent of a phenol 

has a crucial role in estrogenic activity. This phenol-group is observed in a number of organic 

pollutants or their metabolites, for instance nonylphenol.  
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Phytoestrogens and mycoestrogens 

There are naturally occurring compounds from plants (phytoestrogens) or fungi 

(mycoestrogens) that have estrogenic activity (Sumpter and Jobling, 1995; Olsson et al., 

1998). These include, e.g. isoflavones (genistein and daidzein), coumestrol, and the 

mycotoxin zearalenone. The phytoestrogens are readily metabolized by most animals, in 

comparison to synthetic environmental estrogens (xenoestrogens), such as PCBs and the 

insecticide o,p´- DDT (Olssson et al., 1998).  

The reproductive toxicity of phytoestrogens and mycoestrogens was first recognized in 

livestock, and sheep and swine seem to be especially sensitive. Following uptake from the 

gut, the plant isoflavones and lignans are metabolized into hormone-like compounds that both 

bind to the estrogen receptor and are able to induce estrogenic responses. The distinct 

biological effects caused by phytoestrogens are their ability to bind to the estrogen receptor β. 

The phytoestrogens induce steroid hormone binding globulin in the liver and this has been 

suggested to reduce the availability of the endogenous steroid hormones for the cells (Olsson 

et al., 1998). This would result in reduced steroid hormone activity and to a reduction of their 

metabolism and clearance. The estrogen receptor β has a higher binding affinity to coumestrol 

and genistein than ERα while phytoestrogen β-sitosterol binds equally well to both ER 

isoforms (Olsson et al., 1998).  

Xenoestrogens 

There are several effects on humans that have been suggested to be related to environmental 

exposure to endocrine disrupting chemicals. Environmental estrogens or xenoestrogens have 

been linked to demasculinization and feminization in fish and mammals (Thomas and 

Thomas, 2001). Exposure to estrogens or xenoestrogens during sexual differentiation has been 

shown to induce sex reversal and/or intersexuality, while exposure during sexual maturation 

can inhibit gonadal growth and development. Reduced sperm quality and increased cancer 

incidence has also been correlated with exposure to xenoestrogens (Olsson et al., 1998; 

Thomas and Thomas, 2001).  

A very wide range of substances have estrogen-like properties, including synthetic steroids 

such as those used in contraceptive pill, i.e. 17α-ethinylestradiol, and in many pesticides 

(Pelissaro et al., 1993). A variety of synthetic chemicals have been shown to be estrogenic 

including the pesticides DDT and methoxychlor, the plasticizer bisphenol A, and other 

industrial chemicals including polychlorinated biphenyls (Ramos et al., 2001). Besides those 
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xenoestrogens already mentioned, detergents, antioxidants, plasticizers are also included. 

Many of these compounds are slowly degraded and hydrophobic, and hence can accumulate 

to high concentrations in lipids and membranes (Petit et al., 1997). Several studies have 

investigated the exposure of just one estrogenic chemical rather than a mixture. It is, however, 

unlikely that aquatic organisms are exposed to one single chemical. Sumpter and Jobling 

(1995) investigated the exposure of rainbow trout to a mixture of estrogenic chemicals and 

their results indicated that the mixture was more potent than each of the chemicals when 

tested individually.  

Anti-estrogens 

An anti-estrogen is a compound that inhibits estrogen action for example by competing for the 

estrogen receptors (Barrón-González et al., 2001). Anti-estrogens can be classified into two 

major groups, type I and type II anti-estrogens. Type I anti-estrogens, sometimes also called 

Selective Estrogen Receptor Modulators (SERMs) are non-steroidal and include compounds 

that have both agonistic and antagonistic activity, e.g. tamoxifen, or its metabolite 4-

hydroxytamoxifen (Figure 2), toremifene, and idoxifene (Jobling and Sumpter, 1993; Olsson 

et al., 1998; Hermenegildo and Cano, 2000; Barrón-González et al., 2001). Tamoxifen, for 

instance, has antagonistic activity in breast cancer cells, but agonistic activity in the 

endometrium (Bowler et al., 1989).  
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Figure 2. Chemical structure of tamoxifen and its metabolite 4-hydroxytamoxifen. 

 

Type II anti-estrogens or so-called pure anti-estrogens have not shown any agonistic activity 

in laboratory assays (Hermenegildo and Cano, 2000; Barrón-González et al., 2001). The best 

known of these type II anti-estrogens are ICI 182780 (Faslodex or Fulvestrant) (Figure 3) and 
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ICI 164384, which are derivatives of estradiol but contain an alkylamide extension in the 7α-

position (Wakeling and Bowler, 1987; Bowler et al., 1989; Wakeling et al., 1991; Barrón-

González et al., 2001). Wakeling et al. (1991) reported that ICI 182780 was more potent and 

its affinity for the ERs was about four or five times higher that of ICI 164384.  
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Figure 3. Chemical structure of the anti-estrogen ICI 182780. 

 

Beresford and colleagues (2000) found that ICI 182780 was unable to inhibit the response 

induced by E2, and instead acted additively with E2 in the anti-estrogen screen. Yamamoto et 

al. (2003) reported of a novel anti-estrogen with stronger antagonistic effects at lower 

concentrations compared to ICI 182,780, named TAS-108. This novel anti-estrogen seemed to 

retain some of the beneficial activities that ICI 182780 did not. However, it should be noted 

that a phase II study of TAS-108 is under progress. 

Endogenous androgens and their effects 

The principal natural androgen is testosterone, which is synthesized in the testes, ovaries, and 

adrenal glands, and its active metabolite dihydrotestosterone (DHT) in mammals (Figure 4). 

Precursors of testosterone synthesis include androstenedione secreted by the adrenal cortex 

and dehydroepiandrosterone (Olsson et al., 1998; Ramos et al., 2001). Teleosts utilize 11-

ketotestosterone in addition to the mammalian type androgens (Figure 4), which has been 

shown to stimulate development of male characteristics in fish and at least in some fish, 

spermatogenesis and male reproductive behaviour (Olsson et al., 1998). In most studied fish, 

including salmonids, the testosterone levels are higher in females than in males. However, 11-

ketotestosterone occurs at higher levels in males than in females. The testes also secrete small 

amounts of estrogens (Thomas and Thomas, 2001). All natural androgens are C19-steroids 

(Olsson et al., 1998).  
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Figure 4. Chemical structure of testosterone, 5α-dihydrotestosterone, and 11-ketotestosterone. 

 

Synthetic androgens include e.g. nandrolone, boldelone, and methyltestosterone (Ramos et 

al., 2001). Androgens stimulate the appearance of masculine traits such as differentiation of 

male reproductive tracts, secondary male characteristics and spermatogenesis. Absence of 

testosterone leads to default development of female genitals in mammals. The androgen 

receptor (AR) is highly specific in spite of the homology between AR and other steroid 

receptors. AR for testosterone and DHT have also been used to evaluate the effects of various 

gonadotoxins (Thomas and Thomas, 2001).  

Jenkins and colleagues (2001) identified androstenedione as a major component in effluent 

discharges in the Fenholloway River, Florida, USA, and it was suggested that the conversion 

in vivo of androstenedione, a weak androgen, into testosterone, DHT, and in fish 11-

ketotestosterone was the primary cause for the observed masculinization in female 

mosquitofish after exposure to pulp mill effluents. The source of the androstenedione in pulp 

mill effluents was probably from pine trees used to make paper. However, the source of the 

androstenedione found in sewage treatment work by Thomas et al. (2002) is likely to be from 

the direct metabolism of testosterone in the human body followed by excretion. 

Little is known about the interference of chemicals with the human androgen receptor 

(hAR). A few derivatives of the known non-steroidal anti-androgen bicalutamide (ICI 

176334) have shown androgenic effects in vitro. These metabolites relate structurally to the 

therapeutic anti-androgen flutamide.  

Phytoandrogens and mycoandrogens 

The American dwarf palm tree (Serenoa repens) produces permixon, which has anti-

androgenic activity. Effects of permixon on the development of the male or female 

reproductive systems have so far not been reported (Kelce and Wilson, 1997). The fungicide 
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vinclozolin have anti-androgenic properties and is used as a fungicide on fruits (Kelce and 

Wilson, 1997; Daxenberger, 2002). The authors reported several endocrine disrupting effects 

after exposure of male rats to vinclozolin.  

Xenoandrogens 

Several studies show endocrine disruption mediated by xenoestrogens, however few data 

exists concerning xenoandrogens. Exposure to xenoandrogens could masculinize female 

foetuses (Daxenberger, 2002). Any xenobiotic substance that binds to the androgen receptor 

can either mimic or antagonize the effects of physiological androgens. In order to elicit a 

response in animal models under laboratory conditions the concentrations of xenoandrogens 

has to be several orders higher than those present in food and environment.  

Anti-androgens 

Anti-androgens represent another major class of endocrine disrupting chemicals (Rogers and 

Kavlock, 2001). An anti-androgen is a substance which inhibits or prevents an action of an 

androgen. Major manifestations of developmental exposure to an anti-androgen are generally 

restricted to males, and include hypospadias, retained nipples, reduced testes and accessory 

sex gland weights, and decreased sperm production (Kelce and Wilson, 1997; Rogers and 

Kavlock, 2001). In mammals, anti-androgens affect sexual differentiation and development, 

causing feminization and demasculinzation of male offspring (Jensen et al., 2004). Another 

clinical problem that environmental anti-androgens may pose is their ability to interfere with 

the naturally occurring androgens in breast tissue and suppress the growth of normal as well 

as breast cancer cells (Kelce and Wilson, 1997).  

Chemicals known to affect development via anti-androgenic mechanisms include 

pharmaceuticals such as the androgen receptor antagonist flutamide, its 2-hydroxy – 

metabolite (Figure 5), and the 5α-reductase inhibitor finasteride and environmentally relevant 

compounds such as the fungicide vinclozolin and its two primary metabolites M1 and M2 

(Figure 6), and the DDT metabolite p,p´-DDE which are androgen receptor antagonists (Kelce 

and Wilson, 1997; Rogers and Kavlock, 2001; Daxenberger, 2002; Jensen et al., 2004).  
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Figure 5. Chemical structure of flutamide and its metabolite 2-hydroxyflutamide. 

 

Vinclozolin seems to be a poor competitor with androgen for binding to the androgen receptor 

compared to its two metabolites, which resemble the anti-androgen hydroxyflutamide in 

structure. 
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Figure 6. Chemical structure of vinclozolin and its primary metabolites, M1 and M2. 

 

Although, the use of DDT has been banned in many countries, it is still being used in many 

developmental countries. DDE has shown to bioaccumulate in the environment (Kelce and 

Wilson, 1997). Flutamide and 2-hydroxyflutamide are commonly used as reference anti-

androgens for EDC testing in mammalian systems (Jensen et al., 2004). Both o,p´-DDT, p,p´-

DDT, and p,p´-DDE inhibit specific binding of the natural ligand 5α-dihydrotestosterone to 

the androgen receptor (Daxenberger, 2002). Similar to xenoestrogens and phytoestrogens, a 

common chemical substructure have not yet been discovered for AR-mediated anti-

androgenic activity (Körner et al., 2004). 
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Sources of estrogens and androgens in the aquatic environment 

An important source of estrogens induced into water bodies is through human excretion of 

natural and synthetic estrogenic steroids passing the municipal sewage treatment (Desbrow et 

al., 1998). Several studies indicate that the major estrogenic inputs in the aquatic environment 

are through the excretion of natural and synthetic steroids by humans in domestic sewage 

rather than industrial effluents (Purdom et al., 1994; Desbrow et al., 1998; Jobling et al., 

1998; Larsson et al., 1999; Rodgers-Gray, 2000; Svenson et al., 2000, 2002a; Allard et al., 

2004). Though there are several studies indicating the presence of estrogenic substances in 

effluents, Thomas et al. (2002) thought it would be likely that androgenic steroids and other 

substances may also be contributing to the effects observed in the aquatic environment. There 

seems to be an incomplete removal of these compounds in the wastewater treatment systems. 

Svenson and Allard (2002) and Svenson et al. (2004a, b) reported of both estrogenic and 

weak androgenic activities in landfill leachates in Sweden.  

Excretion of steroids 

Although, many environmental xenobiotics have only weak hormonal activity, their lipophilic 

nature and long half-lives allow them to accumulate and persist in fatty tissues of the body, 

thus increasing their concentration in the animal body (Danzo, 1997). The liver and the 

kidney are the major excretory organs. The liver is the main site of biotransformation of 

toxicants and the metabolites thus formed may be excreted directly into the bile and further to 

the intestine and faeces (Rozman and Klaassen, 2001). Estrogenic steroid hormones are 

mainly excreted via the urine and faeces (Larsson et al., 1999). Steroids normally have low 

water solubility and to facilitate the secretion from the organism, the steroids are conjugated 

with other more soluble groups such as glucuronic acid or sulphate, which increases the 

solubility (Desbrow et al., 1998; Olsson et al., 1998; Parkinson, 2001). Glucuronidation, i.e. 

conjugation of a substance with glucuronic acid, is a major pathway of xenobiotic 

biotransformation in many mammalian species except for members of the cat family 

(Parkinson, 2001). Many of the xenobiotics that undergo glucuronidation also undergo 

sulphate conjugation. Estrone and ethinylestradiol are known to conjugate with sulphate. 

Sulphate conjugation generally produces a highly water-soluble sulphuric acid ester usually 

excreted by the urine (Parkinson, 2001). These conjugates are polar and hence not sufficiently 

lipid-soluble to be reabsorbed into the system and easily excreted. Intestinal microflora may 

hydrolyze glucuronide and sulphate conjugates, making them sufficiently lipophilic for re-
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absorption (Rozman and Klaassen, 2001). Repeated re-absorption may lead to very long half-

lives of xenobiotics in the body (Parkinson, 2001). This increases the time of exposure and 

facilitates the manifestation of a toxic effect. Humans primarily excrete estrogens as 

conjugates and in contact with microorganisms in e.g. sewer drains or treatment works 

deconjugation can occur leading to regained hormonal activity (Desbrow et al., 1998; Ternes 

et al., 1999). 

Recent laboratory studies have shown that the major natural estrogen, E2 is rapidly 

degraded in sewage treatment work effluents to estrone (E1), which can be further converted 

to estriol, the major excretion product (Ternes et al., 1999). E1 is essentially equipotent with 

E2, but it degrades much more slowly than E2, and that may explain the greater quantity of 

E1 than E2 found in STW effluents and rivers (Desbrow et al., 1998). The contraceptive 17α-

ethinylestradiol is excreted almost exclusively in conjugated forms, which are considered 

biologically inactive; both ethinylestradiol glucuronide and sulphate are inactive as estrogens 

in trout (Sumpter and Jobling, 1995). 

Scope 

The aims of this paper were twofold: to develop in vitro screening methods to evaluate both 

qualitatively and quantitatively anti-estrogenic and anti-androgenic activities and to apply the 

methods to examine leachates from solid waste deposition sites in Sweden.  

Materials and Methods 

Sampling of landfill leachates 

Water samples from ponds that assemble leachate from solid waste deposition sites were 

collected. Table 1 shows the deposition sites and their major types of waste deposited on the 

landfills. After collection of water samples, the samples were frozen and kept at –18 ˚C until 

assay.   

 

 

 

 

 17



Table 1. Data of collection of landfill leachates and effluent from sewage treatment work assayed for anti-

estrogenicity and anti-androgenicity and their major types of waste deposited on the landfills and possible 

treatment of sampling. 

Landfill Waste type Date of collection 

 

Type of sampling, 

treatment, etc. 

A Domestic, industrial 01-11-29 Untreated 

B Domestic, industrial 02-08-19 Untreated 

C Domestic 02-09-18 Untreated 

D Domestic 02-05-29 Untreated 

E Domestic 01-09-17 Untreated 

F Industrial 02-09-11 Untreated 

G Industrial 01-05-08 Untreated 

Municipal sewage 

effluent 
 98-09-18 – 98-10-09 

3-w flow proportional. 

Activated sludge, 

simultaneous Al 

precipitation 

 

Sample preparation 

500 mL leachate sample was adjusted to pH 2.5 – 3.1 with concentrated HCl. Extraction of 

leachate samples was carried out using solid phase extraction (SPE) on columns (ENV+, 

Sorbent AB, Västra Frölunda) containing 0.2 g of polystyrene divinylbenzene copolymers 

according to a published procedure (Körner et al., 2000). Before use each SPE column was 

successively rinsed with two portions of 2 mL acetone and two portions of 5 mL 1 mM HCl. 

Leachate samples were then passed through the columns by suction at flow rates of 

approximately 100 – 500 mL h-1. Then columns were washed twice with 5 mL HCl (1 mM) 

and dried under reduced pressure. Elution was performed with four portions of 2 mL acetone. 

Dimethylsulfoxide (DMSO, 100 µL, 99.5%, Sigma, Deisenhofen, Germany) was added and 

the eluate mixed and divided into four portions. The acetone in each portion was then 

evaporated with a gentle stream of nitrogen. The final extracts were stored in –18 ˚C until 

assay. 
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Preparation of solutions and media for the different assays 

A minimal medium was prepared by adding 13.61 g KH2PO4, 1.98 g (NH4)2SO4, 4.2 g KOH 

pellets, 0.2 g MgSO4, 1 mL Fe2(SO4)3 solution (40 mg/50mL H20), purchased from Merck 

VWR International AB Sverige, 50 mg L-leucine, 50 mg L-histidine, 50 mg adenine, 20 mg 

L-arginine-HCl, 20 mg L-methionine, 30 mg L-tyrosine, 30 mg L-isoleucine, 30 mg L-lysine-

HCl, 25 mg L-phenylalanine, 100 mg L-glutamic acid, 150 mg L-valine, and 375 mg L-serine 

(Sigma-Aldrich Sweden Ltd Stockholm) to 1 L of Milli-Q water pH 7.1. Aliquots of 90 mL 

were dispensed into 100 mL-flasks, sterilised at 121 ˚C for 10 minutes and then stored at 

room temperature.  

A vitamin solution was prepared by adding 8 mg thiamine, 8 mg pyridoxine, 8 mg 

pantothenic acid, 40 mg inositol (Sigma-Aldrich Sweden Ltd Stockholm), and 20 mL biotin 

solution (2 mg/100 mL H20) to 180 mL Milli-Q water. The solution was then filter-sterilised 

through disposable 0.22 µm pore size filters (Millipore AB, Solna), and 25 mL aliquots were 

stored at 4 ˚C in sterile glass bottles. 

A 20 % w/v solution of D-(+) glucose was sterilised in 20 mL aliquots at 121 ˚C for 15 

min and stored at room temperature. Stock solutions of L-aspartic acid (4 mg/mL) and L-

threonine (24 mg/mL) were sterilised in 20 and 5 mL aliquots respectively, at 121 ˚C for 15 

min. L-aspartic acid stock solutions were stored at room temperature and L-threonine stock 

solutions were stored at 4 ˚C. A 20 mM copper (II) sulphate solution was prepared and filter-

sterilised through 0.22 µm pore size disposable filters (Millipore). The solution was stored in 

5 mL aliquots at room temperature in sterile glass bottles. A 10 mg/mL stock solution of 

chlorophenolred-β-D-galactopyranoside (CPRG, Calbiochem, VWR International AB 

Sverige) was prepared in Milli-Q water, filter-sterilised, and stored at 4 ˚C in sterile glass 

tubes. 

Growth medium was prepared by adding 10 mL (20 % w/v) glucose solution, 2.5 mL L-

aspartic acid solution, 1.0 mL vitamin solution, 0.8 mL L-threonine solution and 250 µL 

copper (II) sulphate solution to 90 mL minimal medium. A recombinant yeast strain 

(Saccharomyces cerevisiae) was used in these assays (see below). Both yeast strains were 

stored at -20 ˚C as a 10× concentrated stock culture in 0.5 mL-aliquots in 2 mL sterile 

cryogenic vials according to Routledge and Sumpter (1996).  To inoculate, 125 µL of the 

concentrated yeast suspension was mixed with 1-4 mL growth medium in a conical flask and 

incubated at 28 ˚C for approximately 24 hours on an orbital shaker. The assay medium was 
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prepared by adding 1 mL of 10 mg/mL CPRG and 2 mL of the inoculated yeast culture to 100 

mL fresh growth medium.  

Agonistic activity assays 

Yeast Estrogen Screen (YES) 

The assay of estrogenicity was performed with a recombinant yeast strain (Saccharomyces 

cerevisiae), with the DNA sequence of the human estrogen receptor α (hERα) incorporated in 

the main chromosome. The main principles of preparations of reagents were essentially the 

same as previously published by Routledge and Sumpter (1996). The assays were performed 

in triplicate on 96-wells microtitre plates. Each plate was filled with one row of a dilution 

series of 12 concentrations of 17β-estradiol (E2) 10µL, 0.1 – 500 ng L-1 as a positive control 

with a dilution factor of 1.8 and one row of un-induced assay medium (blank, negative 

control). The remaining rows were used for assay of test samples with a dilution factor of 2 

between the 12 concentrations. After adding 200 µL of assay medium to each well the plates 

were incubated for three or four days in darkness at 30 ˚C. Absorbance was thereafter 

measured using a plate reader (Spectracount, Packard) at A540, A570, and A670 nm.    

Yeast Androgen Screen (YAS) 

The assay of androgenicity followed essentially the procedure previously reported by Sohoni 

and Sumpter (1998). The assay was performed using a recombinant yeast strain containing the 

DNA sequence of the human androgen receptor (hAR) incorporated into the main 

chromosome. The performance of yeast androgen screen tests were the same as for the YES, 

unless stated otherwise.  

One row on the 96-well microtitre plates was filled with a dilution series of 

dihydrotestosterone (DHT) 10µL, 23 – 15000 ng L-1, as a positive control with a dilution 

factor of 1.8 and 200 µL assay medium was added in each well. Another row contained only 

200 µL assay medium in each well as a negative control. The remaining rows were used for 

assay of sample extracts. Sample extracts were dissolved in 2.0 mL assay medium and 

aliquots of 200 µL volumes were serially diluted with a dilution factor of 2.0. The plates and 

assay medium were incubated for three days in darkness at 30 ˚C and absorbance was 

measured using a plate reader at A540, A570, and A670 nm. 
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Antagonistic activity assays 

Antagonistic effects on the hormone activity on the human estrogen and androgen receptors 

were assayed in the presence of submaximal concentrations of E2 and DHT, respectively, 

essentially as outlined by Sohoni and Sumpter (1998). 

Antagonistic Yeast Estrogen Screen (Anti-YES) 

The assays were performed in triplicate on 96-wells microtitre plates. The eight 12-well rows 

on each plate were filled with 1) one row of E2 as a positive control, 2) one row of un-

induced assay medium as a negative control, 3) three rows with hydroxytamoxifen (HTAM) 

and E2 as an anti-estrogen control, and 4) three rows of sample extracts and E2.  

A dilution series with 0.1 – 500 ng E2 L-1 was prepared from a stock solution of E2 in 

ethanol, with a dilution factor of 1.8. A volume of 10 µL of the diluted solutions was 

transferred into each well in the first row. The ethanol was allowed to evaporate to dryness 

and then 200 µL of assay medium containing recombinant yeast strain and CPRG was added. 

Next row contained only 200 µL of assay medium. The following three rows contained 10 µL 

of hydroxytamoxifen, serially diluted in ethanol to a final concentration of 2.0 – 4000 µg L-1, 

with a dilution factor of 2.0. The solvent was evaporated and 200 µL of assay medium 

containing 10, 20 and 30 ng L-1, respectively, of E2 in each of the three rows was added. The 

sample extracts, prepared as described above, were dissolved in 2.0 mL medium containing 

10, 20 or 30 ng of E2 L-1 respectively, in each of three solutions. Aliquots (200 µL) were 

serially diluted with medium, also containing 10, 20 or 30 ng of E2 L-1 and filled in the wells 

in each of three rows on the microtitre plates. 

The plates were incubated for three or four days in darkness at 30 ˚C. After incubation 

each plate was shaken for 30 sec and left to settle for an hour before the absorbance was read 

in a plate reader at A540, A570, and A670 nm (Spectracount, Packard). Absorbance was 

measured on both the third and fourth day and the data set with the maximal difference in 

absorbance between fully induced positive and un-induced negative controls was used for 

calculations.  

Antagonistic Yeast Androgen Screen (Anti-YAS) 

The principal design of the anti-androgen assay was essentially the same as that of the anti-

estrogen assay. The 12-well rows on each plate were filled with 1) one row of DHT as a 

positive control, 2) one row of un-induced assay medium as a negative control, 3) three rows 
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containing flutamide and DHT as anti-androgen controls, and 4) three rows of sample extracts 

and DHT.  

A dilution series of 23 – 15000 ng DHT L-1 was prepared from a stock solution of DHT in 

ethanol, with a dilution factor of 1.8. Aliquots (10 µL) of these solutions were transferred into 

each well in the first rows of each plate and the ethanol was allowed to evaporate to dryness. 

Assay medium, 200 µL, containing recombinant yeast strain and CPRG was then added. The 

wells in the second row were filled with 200 µL assay medium. The three following rows 

contained 10 µL of solutions of flutamide in ethanol, diluted serially to a final concentration 

of 0.05 – 35 µg L-1 with a dilution factor of 1.8. The solvent was evaporated and 200 µL of 

assay medium containing 300, 400, or 500 ng DHT L-1 was added to the wells in each of the 

three rows. The landfill leachate extracts, prepared as described above, were dissolved in 2.0 

mL medium containing 300, 400 or 500 ng of DHT L-1 in each of three solutions. Aliquots 

(200 µL) were serially diluted with medium, also containing 300, 400 or 500 ng of DHT L-1 

and filled in the wells in each of three remaining rows on the microtitre plates. 

The plates were incubated for three days in darkness at 30 ˚C. After incubation each plate 

was shaken for 30 sec and left to settle for an hour before the absorbance was read in a plate 

reader at A540, A570, and A670 nm (Spectracount, Packard). Absorbance was measured on both 

the second and third day and the data set with the maximal difference in absorbance between 

fully induced positive and un-induced negative controls was used for calculations.  

Fractionation of landfill leachates 

Samples of landfill leachate were fractionated by sorption on solid phase columns and eluted 

with a solvent gradient essentially according to a previously described procedure (Svenson et 

al., 1996). The solid phase extraction was performed with 10 g Megabondelut columns 

(Sorbent AB, Västra Frölunda, Sweden). Samples of water (1-2 L), adjusted to pH 3 with 

hydrochloric acid (HCl), was passed through the column and components in the sample were 

sorbed to the column material. The columns were washed twice with 50 mL 1 mM HCl and 

eluted with 50 mL portions of methanol-1 mM HCl-mixtures with increasing proportions of 

methanol (25, 50, 75, 85, 90, 95, and 100% methanol). Aliquots (20 – 40 µL) of the fractions 

of eluate were tested in duplicate, after evaporation of the solvent, regarding their anti-

estrogenic and anti-androgenic activities using the assays described above. A570 was recorded 

in a plate reader, and the difference between values for incubations containing only the steroid 
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hormone and those containing hormone and sample extract fractions was used as a measure of 

antagonistic activity.  

Data treatments and calculations of EC50

Inhibitory effects on the growth of the yeast cells (toxic effects) were measured as the light 

absorption (scattering) at A670 nm. Values of A670 were examined and significant deviations 

from the average turbidity (derived from standard deviations) were located in the wells of the 

microtitre plates. Such wells were omitted in the following data collection and treatment. 

Agonistic estrogenic or androgenic activities were calculated by a non-linear fit to the 

experimental data. Dose-response curves from the absorbance at A540 nm for the 

concentrations of positive controls and sample extracts were drawn, and a nonlinear 

exponential fit to the experimental data was carried out with the Solver program in Microsoft 

Excel (Microsoft, Redmond, WA, USA). The median effective concentration (EC50) values 

and slopes of dose-response curves were derived from a minimization of the sum of 

deviations of the nonlinear fit and the experimental data calculated according to Equation 1.  

 

A = Amin + (Amax – Amin) * (Ci/ECi)s / (1 + (Ci/ECi)s) Equation 1, 

 

where A is the calculated absorbance, Amin was obtained from the average of un-induced 

wells at low concentrations of sample, or, if not available, the average of blank values in 

negative control. Amax was obtained from the fully induced dilutions of the dose-response 

curve, or if not available from the positive controls of E2 or DHT. C is the concentration of 

wastewater extract or positive control, and s is the slope of the dose-response curve. EC50 of 

positive controls were obtained and expressed in weight concentrations (ng L-1). Using 

dilution factors, sample volumes and the relation to the activity in the positive controls, the 

values for landfill leachates were recalculated and expressed as E2 or DHT equivalents in µg 

L-1.  

A similar approach was used to evaluate inhibition dose curves for anti-estrogenicity and 

anti-androgenicity, assuming an exponential dependence. Median effective concentrations 

(EC50) for the control antagonists HTAM (for anti-estrogens) and flutamide (for anti-

androgens) were obtained from non-linear fits of calculated data to the experimental data 

according to Equation 1. Amin was obtained from the average of un-induced wells at low 

concentrations of reference substance, or, if not available, the average of blank values in 
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negative control and Amax was obtained from wells with fully induced cells at the three levels 

of agonists added to the incubation media. Assay results (EC50) were expressed in weight 

concentrations (ng L-1). Results of assays of leachate extracts were calculated similarly and 

EC50 values expressed in dilutions of the sample extract. The values were then recalculated 

using EC50 of the antagonistic reference substances, dilutions of original sample and the 

sample volume and expressed in µg HTAM-equivalents or flutamide-equivalents L-1, 

respectively.  

Statistical methods 

Analysis of variance (ANOVA) was used to evaluate the data obtained from the anti-

estrogenic and anti-androgenic screen tests at different landfills. The assumption was that 

there was no difference in anti-androgenicity between the different landfill leachates. One-

way ANOVA with Dunnet’s post test was performed using GraphPad Prism version 4.00 for 

Windows, (GraphPad Software, San Diego, California, USA, www-graphpad.com) to 

compare the extract sample means with the control (STW effluent). The null hypothesis was 

that there was no difference between the mean value of anti-estrogenicity in the different 

samples and the municipal effluent. Further analysis was performed with ANOVA to detect 

any difference in the sensitivity of each of the antagonistic reference compounds, where the 

null hypothesis was that there was no difference with increasing concentration of E2 or DHT, 

respectively. The significance level was 5 % for all the assays.  

Results and Discussion 

Anti-estrogenic activities 

Test performance 

Figure 7 demonstrates the results from an anti-estrogenic assay. The red coloured product in 

Figure 7 in the top row indicates a positive estrogenic activity of E2. The second row shows 

the control blank, containing only growth medium and yeast cells. In some of the assays the 

negative control wells appeared yellow, probably due to a slight background presence of β-

galactosidase (Sohoni and Sumpter, 1998). In row 3 – 5 HTAM and three concentrations of 

E2 (10, 20, and 30 ng L-1) are shown. A gradient in colour increasing from left to right was 

observed, indicating the inhibitory properties of the known antagonist HTAM. The red 
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coloured gradient depicted in the last three rows illustrates the sample’s intrinsic anti-

estrogenic activity. The first two clear yellow wells in row 6 – 8, where turbidity was lower 

than in other wells, indicated the presence of substances that were toxic to the yeast cells, 

causing reduced growth or lysis of the cells. 

 

 
Figure 7. 96-well microtitre plate test of anti-estrogenicity. Rows show controls or samples serially diluted from 

left to right, Row 1) Positive control of E2, 500 – 0.1 ng L-1, Row 2) Negative control (blank),  Row 3) 

Hydroxytamoxifen (HTAM) control, 4000 – 2.0 µg L-1 with 10 ng E2 L-1, Row 4) HTAM control, 4000 – 2.0 µg 

L-1 with 20 ng E2 L-1, Row 5) HTAM control, 4000 – 2.0 µg L-1 with 30 ng E2 L-1, and Row 6) Leachate extracts 

with 10 ng E2 L-1, Row 7) Leachate extracts with 20 ng E2 L-1, and Row 8) Leachate extracts with 30 ng E2 L-1.  

 

The produced red colour of the enzyme reaction was recorded and graphs of experimental 

data of tests of the positive control E2, the anti-estrogen HTAM, and a sample extract from 

landfill F are shown in Figure 8. The anti-estrogenic activities in the sample extract are shown 

as the dose-dependent inhibition of the E2 response. 
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Figure 8. Anti-estrogenic activities in extract of leachate from Landfill F. Values represent average of three 

replicates; (square) E2 gradient, start concentration 500 ng L-1, (diamond) HTAM control in 20 ng E2 L-1, start 

concentration 4.0 mg L-1, and (triangle) extract of leachate from Landfill F in 20 ng E2 L-1. 

 

E2 revealed a full dose-response curve, with agonistic estrogenic activity at higher 

concentrations. The anti-estrogen HTAM had no inhibitory activities at the lowest 

concentrations, but at higher concentrations (dilution 0.010 – 0.100) inhibition was observed. 

However, at the highest concentrations, i.e. the two last wells, HTAM was estrogenic in 

accordance with the visual observations on the microtitre plate (Figure 7). This property has 

been previously reported (Beresford et al., 2000). No growth of yeast cells could be detected 

in the two last wells in assay of the sample extract indicating the presence of a high 

concentration of toxic compounds. 

 

Activities of HTAM, the anti-estrogen reference compound 

The sensitivity of the antagonist HTAM at three different concentrations of E2; 10, 20, and 30 

ng L-1 respectively, are shown in Figure 9. EC50-values varied between 169 and 207 µg L-1 

and there was no clear dependence on the E2 concentration. No significant difference between 

the mean EC50-values of HTAM was found (ANOVA, p > 0.05, df = 2). The values 

corresponded fairly well with values deduced from graphs presented in literature (Sohoni and 

Sumpter, 1998).  
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Figure 9. Inhibitory activities of hydroxytamoxifen (HTAM) on E2 response in the anti-YES assay at 10, 20, or 

30 ng of E2 L-1 (log-normal average EC50 values, µg L-1, ± 95 % confidence intervals n = 19; 19; 18). 

 

Sohoni and Sumpter (1998) investigated a number of chemicals with potential anti-

estrogenic properties e.g. vinclozolin, bisphenol A, and HTAM. In their investigation the only 

compound with inhibitory effect on the activity of E2 was HTAM. Since their report new 

chemicals with anti-estrogenic properties have been reported e.g. ICI 182780 and TAS-108 

(Hermenegildo and Cano, 2000; Yamamoto et al., 2003). These new types of anti-estrogens 

devoid of any agonistic properties could possibly be useful in this type of assay. However, 

HTAM was found to function satisfactorily in this assay and was furthermore commercially 

available.  

 

Anti-estrogenicity in landfill leachates 

The results of assays of antagonistic estrogenic activities in extracts of landfill leachates, 

expressed in HTAM-equivalents L-1, are shown in Table 2.   
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Table 2. Agonistic and antagonistic steroid sex hormone disrupting activities in landfill leachates in Sweden.  

 

Landfills 

assayed 

(see table 1 

page 18) 

Estrogenicity Anti-estrogenicitya Androgenicity Anti-androgenicitya

 
E2-Equiv. 

(µg L-1) 

HTAM-Equiv. 

(µg L-1) 

DHT-Equiv. 

(µg L-1) 

Flutamide-Equiv.      

(µg L-1) 

A 0.029c <38 0.037 c 2710 

B <0.0004 c 490 <0.015 c 350 

C <0.0008 c 363 <0.001 c 1620 

D 0.002 c n.d.b 0.0026 c 930 

E 0.0021 c n.d.b n.d. c, b 5100 

F 0.0026 c 3763 0.021 c n.a.b

G 0.0024 c n.a.b 0.015 c 1240 

Municipal 

sewage 

effluent 

0.0058 c 143 0.028 c n.a.b

a Log normal average, n = 3. 
b n.a. = not assayed, n.d. = no quantitative results obtained 
c Svenson et al., 2004a. 

 

Comparison of the means of anti-estrogenic activity demonstrated that the leachates were 

significantly different from each other (ANOVA, p < 0,001, df = 6). Landfill B and F were 

the only ones that showed a significant difference compared to the municipal sewage effluent 

(ANOVA Dunnet’s multiple comparison test, p < 0.05, df = 6). Sometimes the anti-estrogenic 

activities were low and quantitative results as HTAM-equivalents were not always possible to 

obtain. No relationship between the types of waste deposited on these landfills compared to 

the other landfills seemed to emerge. Both Landfill B and F received industrial waste, but so 

did also Landfill A. Those landfills receiving only domestic waste, such as Landfill C, D, and 

E, showed no significant difference (ANOVA Dunnet’s multiple comparison test, p > 0.05, df 

= 6).  
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Anti-androgenic activities 

Test performance 

Anti-androgenic activities were detected as the decrease in response of the recombinant yeast 

cells to produce β-galactosidase. The colour change of the enzyme reaction was recorded and 

measured at A540 nm. The sigmoid dose-response curve of the positive control (DHT) and 

graphs of experimental data of the anti-androgen flutamide, and an extract of leachate from 

Landfill A are shown in Figure 10. 
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Figure 10. Anti-androgenic activities in extract of leachate from landfill A. Values represent average of three 

replicates; (square) DHT gradient, start concentration 15 µg L-1, (diamond) flutamide control in 500 ng DHT L-1, 

start concentration 35 mg L-1, and (triangle) extract of leachate from Landfill A in 500 ng DHT L-1. 

 

DHT showed a complete dose-response curve, with agonistic androgenic activity at higher 

concentrations. The anti-androgen flutamide did not inhibit the androgenicity at low 

concentrations, but at higher concentrations an increasing inhibitory activity was observed in 

accordance with a previous report (Sohoni and Sumpter, 1998). The landfill leachate extract 

also inhibited the androgen response. Examination of the turbidity as the absorbance at A670 

nm (data not shown) showed that in the wells, with the highest concentrations of extracts, 

there was a toxic effect also inhibiting cell growth. 
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Activities of flutamide, the anti-androgen reference compound 

The sensitivity of the antagonist flutamide at three concentrations of DHT; 300, 400, and 500 

ng L-1 respectively, is shown in Figure 11.  
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Figure 11. Inhibitory activities of flutamide on DHT induction of the androgen receptor in the anti-YAS assay at 

300, 400, or 500 ng of DHT L-1 (log-normal average EC50 values, mg L-1, ± 95 % confidence intervals, n = 17; 

17; 16). 

 

Values of EC50 varied from 0.88 mg L-1 at 300 ng DHT L-1 to 1.38 at 500 ng DHT L-1. 

There was a significant (ANOVA, p < 0.05, df = 2) increase in EC50 indicating that the 

sensitivity of the assay decreased when higher concentrations of DHT were used, or that more 

inhibitor was needed to compete with the hormone at the receptor site at higher hormone 

concentrations. The values correspond well with results previously published by Sohoni and 

Sumpter (1998). 

In this assay flutamide was used as a reference compound, however, other chemicals with 

antagonistic properties may be used. Thus, the known anti-androgens vinclozolin, p,p´-DDE, 

and diethylstilbestrol have also shown anti-androgenic activity in the yeast based assay 

(Sohoni and Sumpter, 1998). The authors investigated a number of anti-androgens including 

flutamide and the present study emphasized their findings of flutamide being a suitable anti-

androgen reference compound. 

Anti-androgenicity in landfill leachates 

The results of assays of landfill leachate extracts are shown in Table 2. The range of anti-

androgenic activities in six examined landfill leachates was 0.35 – 5.1 mg flutamide 
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equivalents L-1. There was a significant (ANOVA, p < 0.05, df = 5) difference between the 

different landfill leachates. The lowest anti-androgenic activity was found in leachates from 

Landfill B, which received both domestic and industrial waste. Svenson et al. (2004) found 

that landfills with high content of industrial waste had the three highest levels of 

androgenicity in untreated leachates. However, no such observation was found regarding the 

anti-androgenic activities in this study. Landfill E received solely domestic waste, and so did 

Landfill C and D, but their leachates had relatively low anti-androgenic activities compared to 

that from Landfill E. Landfill E had the highest measured anti-androgenicity. 

Comparison of hormone disrupting activities in landfill leachates 

Data on antagonistic activities in landfill leachates together with the corresponding agonistic 

estrogenic and androgenic activities from extracts of the same leachates are presented in Table 

2.. Data on estrogenicity and androgenicity have been published elsewhere (Svenson et al., 

2004a).  

The data in Table 2 indicates that the sensitivity in the two screens, anti-estrogenicity and 

anti-androgenicity, vary slightly. In order to elicit an anti-androgenic response a higher 

concentration of flutamide equivalents are required than the concentration of HTAM-

equivalents present in the anti-estrogen screen. This could possibly be due to the estrogen 

receptor’s structure, which enables it to bind to several structurally diverse chemicals.  

The aquatic environment is a major repository for industrial and domestic waste containing 

thousands of chemicals, both natural and anthropogenic (Jobling et al., 1998). Aquatic and 

terrestrial organisms are not subjected to just one potential endocrine disrupting chemical, but 

a mixture of these. Most of the EDCs encountered in the environment are many orders of 

magnitude less potent than their endogenous counterparts, and it therefore seems unlikely that 

low-level exposure will cause significant health problems (Jobling et al., 1998). However, 

Colborn et al. (1993) and Jobling et al. (1998) reported of an increasing concern about the 

possibility of EDCs at the concentrations present in the environment may act synergistically 

or additive. For example, Rajapakse et al. (2002) investigated the additive effects of a mixture 

of xenoestrogens together with E2, which led to an enhancement of the hormone’s action.  

Seasonal variability of collection of landfill leachates may explain some of the observed 

variability in antagonistic activities seen in Table 2. Landfill A, D, and G were sampled at two 

quite separate periods compared to the other landfills. However, Coors et al. (2003) found that 

seasonal variability was unlikely to occur, but since their landfills were covered and hence not 
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influenced by rainfall and that treatment occurred indoors it is not surprising they did not 

detect any seasonal variability.  

Several studies e.g. Desbrow et al. (2003) have shown that municipal sewage water 

contained a large amount of estrogens of human origin, e.g. natural estrogens and the 

synthetic estrogen 17α-ethinylestradiol. The estrogenic activities observed in extract from 

landfills have been assumed to have another origin. Coors and colleagues (2003) found 

bisphenol A to be responsible for the estrogenic activity observed in municipal landfill 

leachates in Germany. Similar results were found in Swedish landfill leachates investigated by 

Svenson et al. (2004a), who also found natural estrogens and ethinylestradiol in the leachates. 

Svenson et al. (2004a) suggested that the observed androgenic activity detected in Swedish 

landfill leachates may have a different origin compared to municipal sewage water, which 

most likely contained natural androgens. Jenkins and colleagues (2001) found that 

androstenedione, a precursor of biologically active androgens, was a major component in 

effluents from a paper mill in USA. Androstenedione, a weak androgen, is likely to be 

converted to other more potent androgenic substances such as testosterone, DHT, and 11-

ketotestosterone. Conversion of plant sterols may also contribute to the observed androgenic 

activity (Jenkins et al., 2001). 

No relationship seems to exist between high estrogenicity and low anti-estrogenicity, 

although landfill A has a relatively low anti-estrogenic activity compared to the other 

landfills. No correlation can be detected between the types of waste and high estrogenic or 

anti-estrogenic activity. Landfill F, which received industrial waste had the highest anti-

estrogenic activity, 3763 µg HTAM-equivalents L-1, but ten times lower estrogenic activity 

compared to Landfill A. Those landfills receiving solely domestic waste appeared to have 

both low estrogenic and anti-estrogenic activity, but a high anti-androgenic activity. 

Antagonistic activities in fractions of landfill leachates 

To date no information is available regarding which substances that exert antagonistic 

activities in in vitro assays of landfill leachates. Studies of the distribution of the anti-

estrogenic and anti-androgenic activities in fractionated leachate samples were performed to 

show some properties of responsive compounds. 

Anti-estrogenicity 

Results obtained in assays of antagonistic estrogenic activities in fractions of three samples of 

leachates from Landfill A are shown in Figure 12.  
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Figure 12. Anti-estrogenic activities in fractions of leachate water from Landfill A. Grey bars show the leachate 

collection pond, white bars the drainage from the central part of the landfill, and black bars drainage water from 

an older part. All tests were performed in media containing 10 ng E2 L-1. Bars represent average of duplicate 

assays and values are the difference between the fully induced positive control (E2) and the extract fraction. 

 

It is shown that a fraction of leachate from the central and older parts of the landfill, eluted 

with 75 % methanol, was estrogenic. This is in accordance with the results presented in Table 

2. Similar results have previously been reported from other Swedish landfill leachates 

(Svenson et al., 2004a). Possible anti-estrogenic activities may be observed in the fractions 

eluted with 25 and 50 % methanol and for the leachate from the central part of the landfill 

also in fractions eluted with 85 and 90 % methanol. This may indicate a heterogeneous set of 

inhibitory substances and the activity was not supported by the level of anti-estrogenicity 

shown in Table 2. 

Anti-androgenicity 

Results obtained in assays of antagonistic androgenic activities in fractions of three samples 

of leachates from Landfill A are shown in Figure 13.  
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Figure 13. Anti-androgenic activities in fractions of leachate water from Landfill A. Grey bars show fractions of 

sample from the leachate collection pond, white bars the drainage from the central part of the landfill, and black 

bars drainage water from an older part. All tests were performed in media containing 300 ng DHT L-1. Bars 

represent average of duplicate assays and values are the difference between the fully induced positive control 

(DHT) and the extract fraction. 

 

Anti-androgenic activity was found in two fractions, eluted with 75 and 85 % methanol, of 

both the leachate pond water and leachate from the central part of the landfill. The third 

leachate sample did not contain any significant anti-androgenic activity. The presence of anti-

androgens was supported by the results from the assays presented in Table 2. The location of 

activity in two fractions indicated that the substances were rather homogenous regarding their 

lipophilic properties and somewhat more lipophilic than e.g. E2. 

Conclusions 

A survey of potential anti-estrogenic and anti-androgenic activities in landfill leachates 

demonstrated that levels of anti-estrogenicity varied between no observed activity and 

significant high activity (> 490 µg HTAM-euqivalents L-1). Though, a majority of the extracts 

did not differ from a municipal sewage effluent (< 363 µg HTAM-euqivalents L-1), which 

would be expected to have a low estrogen antagonistic activity. The anti-androgenic activities 

detected in the landfills were significantly different from one another, ranging from 350 – 

5100 µg flutamide equivalents L-1. No conclusion could be drawn on the potential 

antagonistic substances contributing to the anti-estrogenicity or anti-androgenicity observed 
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or the type of waste deposited on these landfills. Further studies are needed in order to 

identify the substances responsible for the activities.  

This is, to my knowledge, the first time that anti-estrogenic and anti-androgenic activities 

have been reported from extracts of landfill leachates. The developed assay seems to detect 

the presence of antagonizing steroid hormones successfully. Furthermore the assay is simple 

and inexpensive to perform, compared to in vivo assays. While this assay may serve as a 

useful tool for identifying chemicals which interact with the steroid receptors it is, however, 

necessary to perform tests on more complex organisms, since in vitro assays do not consider 

the potential accumulation of substances in the body, metabolism, availability of the 

compound to the target cell, or alternate pathways for endocrine disruption.  
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