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        Abstract



        Growing populations and increasing industry and agriculture activates have increased the existence of chemicals in the aquatic environment. The variety of anthropogenic chemicals that have been identified as potential endocrine disruptors (EDCs) in the environment and the problems arising from their use as human and livestock pharmaceuticals are discussed. Sewage effluents have been identified as a source of a diverse mixture of EDCs to the aquatic environment. These waters from homes and industries include natural and synthetic hormones (estrogens, androgens), active ingredients in pharmaceuticals, metals, pesticides, personal care product additives, and industrial chemicals. Once effluents are discharged to aquatic environments, EDCs will be diluted in stream or river waters so that organisms living very close to the discharge will have the highest exposure. Aquatic organisms also readily take up and store EDCs and its metabolites. Exposure to endocrine active compounds remains poorly characterized in developing countries despite the fact that behavioral practices related to westernization have the potential to influence exposure. Thus, in Egypt for example, it is likely that women in urban areas have a higher exposure to environmental hormonal risk factors, possibly xenoestrogens (EDCs) with regards to known risk factors of uterine and breast cancer.
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      INTRODUCTION


      The ocean margin is a critical land-ocean interface as at its boundaries the ocean receives most of the land-based contaminant inputs. Accordingly, the existence of chemicals in the marine environment, due to industrial activities from smelters, tanneries, the textile industry, the chemical industry and urban sewage, is of serious concern owing to the toxicity of these chemicals to human and other forms of life. In recent years there has been growing concern about the release of certain chemicals (Endocrine-disrupting compounds (EDCs) into the environment which may be altering the reproductive health of humans and their endocrine systems [1].


      EDCs are exogenous substances (xenoestrogens) that have been shown to act like natural hormones within the body, and have been implicated in numerous in vitro, animal, and human studies to increase the risk of breast cancer [2].


      They are natural and man-made chemicals, which seem to be able to mimic or interfere with the binding and action of natural hormones, thus disrupting physiological processes. They found in the aquatic environment, and they have received attention in recent years due to the interactions in the hormonal system of organisms or humans.


      These xenobiotics are discharged into rivers, lakes, groundwater, and even drinking water and oceans, where they accumulate in aquatic species [3, 4].


      Human exposure to these chemicals in the environment is a critical concern with unknown long-term impacts. Natural and synthetic EDCs are released into the environment by humans, animals and industry; mainly through sewage treatment systems before reaching the receiving bodies (soil, surface water, sediment and ground water). Wastewater treatment plants have been studied as a major source for EDCs. Being EDCs exist in extremely low concentration (μg/L or ng/L) [5].The EDCs' main distribution in the environment is illustrated in Fig. (1) [6, 7]. EDCs are a latent crisis to humans and the environment. Key to the solution for this problem is the identification of EDCs, the accurate measurement of their presence in aquatic systems, and development of methods for their elimination from the environment. Theoretically this crisis could be easily controlled, if EDCs can be completely removed from sewage at sewage treatment plants before final release into the environment.


      [image: ]
Fig. (1)


      EDCs distribution in the environment [6, 7].


      EDCs removal methods fall into three categories; physical removal, biodegradation and chemical advanced oxidation (CAO).


      This article provides an overview of EDCs (including their adverse effects on health and techniques for monitoring them) that brings together the issues faced by the marine environment in trying to reveal the concentration levels of these compounds in the marine organisms. Endocrine disruption needs to be assessed as part of the consideration of all potentially toxic effects of a range of emerging and as yet poorly understood contaminants in surface water and wastewater. The aim of this review is to alert those concerned with marine food to the issues and problems surrounding EDCs, especially in the context of contaminated water sources

    


    
      TYPES AND SOURCES OF EDCs


      Hundreds of individual anthropogenic and natural chemicals are known or suspected to interact with endocrine systems in humans and wildlife, and their sources of exposure, chemical properties, and environmental fate vary widely. Numerous EDCs are released into the environment through many routes as the result of industrial activities around the world [8]. The list of known EDCs is extensive and includes natural and synthetic hormones, anthropogenic chemicals possessing estrogenic activity. These estrogenic pollutants range from the organochlorine pesticides, which include DDT 1,1,1-Trichloro-2,2′bis(p-chlorophenyl) ethane, aldrin, and dieldrin, fungicides, detergents to polychlorinated biphenyls, dioxins and furans as Polybrominated Diphenyl Ethers (PBDEs), alkyl phenol polyethoxylates, Bisphenol A, Nonylphenol, Bisphenol A diglycidyl ether (BADGE), UV filters, Siloxane, pharmaceuticals Phytoestrogens (natural compounds present in plants and ingested daily by both animals and humans), phthalates, pharmaceuticals such as the synthetic estrogen 17α-ethynylestradiol and heavy metals used in the manufacture of paints and plastics [9]. Bisphenol A (BPA) is a chemical produced in large quantities for use primarily in the production of polycarbonate plastics and epoxy resins.


      The chemicals are grouped into classes based on their physical-chemical characteristics or origin/application areas (Table 1). The classes include chemicals that are currently produced for commercial purposes, and those that are no longer manufactured or are being phased out of production [10].


      
        Table 1

        Gropes of known or potential Endocrine disrupting chemicals with examples of individual EDCs [10]
.


        
          
            
              	Classification

              	Specific Examples of EDCs
            

          

          
            
              	Persistent Organic Pollutants (POPs)

              	PCDDs/PCDFs, PCBs, HCB, Chlordan, Toxaphene, Lindan, Endosulphan, Octachlorostyrene, methyl sulphones
            


            
              	Plasticizers and other additives in materials and goods

              	Phthalate esters, Triphenyl phosphate, n-Butylbenzene, Triclocarban, Butylated hydroxyanisole
            


            
              	Polycyclic Aromatic Chemicals (PACs) including PAHs

              	Benzo(a)pyrene, Benzo(a)anthracene, Pyrene, Anthracene
            


            
              	Halogenated Phenolic Chemicals (HPCs)

              	2,4-Dichlorophenol, Pentachlorophenol, Hydroxy-PCBs, Hydroxy-PBDEs
            


            
              	Non-halogenated Phenolic Chemicals (Non-HPCs)

              	Bisphenol A, BADGE, Bisphenol F, Bisphenol S, Nonylphenol, Octylphenol, Resorcinol
            


            
              	Current-use Pesticides

              	Carbaryl, Malathion, Mancozeb, Vinclozolin, Procloraz, Procymidone, Chlorpyrifos
            


            
              	Pharmaceuticals, Growth Promoters and Personal Care Product Ingredients

              	Endocrine active, Selective serotonin reuptake inhibitors, Flutamide, Parabens
            


            
              	Metals and Organometallic Chemicals

              	Arsenic, Cadmium, Lead, Methyl mercury, tributyltin, Triphenyltin
            


            
              	Phytoestrogens

              	Isoflavones, Coumestans, Mycotoxins, Prenylflavonoids
            

          
        


      


      In contrast to a decade ago, there is a better appreciation that industrial and consumer products can contain known or potential EDCs. For example, cosmetics and other personal care products (shampoos and other hair products, toothpaste, soaps, lotions) contain fragrances (e.g. galaxolide), solvents (e.g. cyclic methyl siloxanes), preservatives (e.g. parabens), and plasticizers e.g. phthalate esters), antimicrobials (e.g. triclosan), chemical stabilizing agents (e.g. phthalates), and metals (e.g. lead, arsenic, mercury). Most are added intentionally to these products but some may be contaminants with no added obvious benefit.

    


    
      ACTION OF THE ENDOCRINE CHEMICAL DISRUPTOR


      
        1. Phenols Compounds


        
          1.1. Bisphenol A


          Bisphenol A is a suspected environmental endocrine disruptor that has been shown to interfere with the reproductive system. Recent finding showed that BPA represented the estrogenic activity at a low dose of 0.23 pg/ml culture medium [11]. It may increase carcinogenic risk, cardiovascular diagnosis and diabetes in humans [12, 13]. BPA has been demonstrated to be both estrogenic and anti androgenic, leading to the decrease in sperm production in humans and abnormal development of puberty in experimental animals [14].


          [image: ]


          Many in vitro and in vivo assays had confirmed that Bisphenol A increased the incidence of infertility, genital tract abnormalities and breast cancer [15]. National Institutes of Health in Norway reported that there was a concern about BPA's effects on fetal and infant brain development and behavior. A recent report by the U.S. National Toxicology Program (NTP) agreed with the panel, expressing concern for effects on the brain, behavior, and prostate gland in fetuses, infants, and children at current human exposures to Bisphenol A, and minimal concern for effects on the mammary gland and an earlier age for puberty for females in fetuses, infants, and children at current human exposures to Bisphenol A. Accordingly, there is an urgent need for developing the effective technology to remove Bisphenol A from aquatic environment [16].


          Environmental estrogens include, but are not limited to, chemicals that mimic the female sex hormone 17-β-estradiol. Comparing structure-activity relationships for estrogenicity of NP and 17-β-estradiol, analysis of the data compared to 17-β-estradiol structure identified three structural criteria that were related to xenoestrogen activity and potency: (a) a hydrogen bonding ability of the phenolic ring mimicking the A-ring, (b) a hydrophobic centre similar in size and shape to the B- and C-rings, and (c) a hydrogen-bond donor mimicking the 17- β-hydroxyl moiety of the D-ring, especially with an oxygen-to-oxygen distance similar to that between the 3- and 17-β-hydroxyl groups of 17-β-estradiol [17, 18]. Moderately active compounds, such as NP, have a 4-hydroxyl substituted benzene ring with a hydrophobic moiety equivalent in size and shape to the B- and C-ring of 17-β-estradiol (Fig. 2).


          [image: ]
Fig. (2)


          17-β-Estradiol (A) and nonylphenol (B) as ligands for the estrogen receptor.

        


        
          1.2. Bisphenol A Diglycidyl Ether (BADGE)


          Bisphenol A diglycidyl ether (BADGE) is a building block of epoxy resins that coat food and beverage cans and is used as a monomer in the production of epoxy-based polymers as well as an additive for the elimination of surplus hydrochloric acid in polyvinyl chloride (PVC) organosol production. BADGE is present in many canned foods and is absorbed through the gastrointestinal tract [19].


          [image: ]


          Therefore, a migration limit of 1 mg/kg for BADGE and its hydrolytic and chlorinated derivatives including bisphenol A (2,3-dihydroxypropyl) glycidyl ether (BADGE-H2O), bisphenol A (3-chloro-2-hydroxypropyl) (2,3-dihydroxypropyl) ether (BADGE•HCl•H2O), and bisphenol A bis (2,3-dihydroxypropyl) ether (BADGE•2H2O), has been set by the European Commission for food contact applications products have been reported BADGE•2-H2O, a hydrolysis product of BADGE, was shown to exhibit estrogenic activity, even greater than that of BPA [20]. BADGE has been reported to form DNA adducts, and to elicit teratogenic and mutagenic effects in vitro. In addition to genotoxic effects of BADGEs, cytotoxicity, developmental, and reproductive toxicity have been reported in laboratory animals. Male workers exposed to BADGE had lower levels of follicle stimulating hormone than the reference population. Following oral and/or dermal exposure, BADGE is metabolized to bis-diols by epoxide hydrolase. As a stable metabolite of BADGE, BADGE•2H2O was also reported as an endocrine disruptor, with potentials even greater than those of bisphenol A (BPA), a known endocrine disrupting chemical. Further, antagonistic activity of the chlorohydroxy derivative of BADGE toward androgen has been reported. Studies also have shown that BADGE was not transformed into BPA by the mammalian metabolic system [21].

        


        
          1.3. Nonylphenol


          Nonylphenol is one of the most studied estrogen mimics that appear to interact with development in several organisms. Table 2 shows several effects on different organisms including mollusks, crustaceans, fishes, amphibians, and other vertebrates. Several endocrine alterations have been found after exposure to NP at concentrations ranging from 0.1 to 100 μgL-1 (Table 2).


          
            Table 2

            Effects on different organisms after treatment with environmental concentrations of Nonylphenol.



            
              
                
                  	Nonylphenol Effects

                  	Organism

                  	Concentration

                  (µgL-1)

                  	Reference
                

              

              
                
                  	- Developmental abnormalities.

                  - Reduction in larval survival.

                  - Delayed settlement and metamorphosis.

                  	Crassostrea

                  gigas

                  	0.1-10

                  	[22]
                


                
                  	- Changes in the sex ratio towards females.

                  - Increase in the incidence of hermaphrodites

                  	Crassostrea

                  gigas

                  	1-100

                  	[23]
                


                
                  	- Perturbations of endogenous steroid metabolism.

                  - Reduction of the testosterone elimination

                  - Increase of the testosterone conversion rate.

                  	Daphnia magna

                  	10-40

                  	[24]
                


                
                  	- Increase of fertility.

                  - Longer second antennae.

                  	Corophium

                  volutator

                  	10

                  	[25]
                


                
                  	- DNA adduct formation, and mutations or genomic rearrangements.

                  	Elminius

                  modestus

                  	0.1 -10

                  	[26]
                


                
                  	- Mortality increase.

                  - Morphologic deformations.

                  - Apoptosis increase

                  - Alteration of the deposition and differentiation of neural crest-derived melanocytes.

                  	Xenopus laevis

                  	0-50

                  0.1-10

                  	[27]
                


                
                  	- Increase of mortality rates.

                  - Stress behavior.

                  - Decrease of body weight.

                  - Reduction of gonadal development and reproductive function.

                  	Xiphophorus

                  maculates

                  Xiphophorus

                  helleri

                  	14

                  	[28]
                


                
                  	- Feminization of the phenotype.

                  - Intersex “testis-ova” condition.

                  	Salmo salar

                  	10-125

                  (mg/kg BW)

                  	[29]
                


                
                  	- Reduction in microsomal integrity.

                  - Negative effect on spermatogenesis and sperm quality.

                  	mice

                  	50-500

                  (drinking water)

                  	[30]
                

              
            


          


          Nonylphenol has been proposed to act via the androgenic gland in Malacostracan crustacean. This gland is present only in males and regulates sexual differentiation and development of secondary sexual characteristics through a protein known as androgenic hormone [31]. An increase of fertility in C. volutator females was observed in NP exposed populations while the sex ratio was not affected. Additionally, the second antennae of exposed male animals were observed to be significantly longer that those of control animals [25].


          Nonylphenol has also been suggested to induce DNA adduct formation, and/or mutations or genomic rearrangements. This DNA damage could help explain how xenoestrogens mimic the effects produced by natural estrogens [26]. Other studies have shown that exposure to 100 and 200 μgL-1 of NP are not directly embryogenic but rather that toxicity is mediated by maternal influences during gestation. Nonylphenol affects the weight of reproductive organs and kidneys in parental and males of CD-I mice. In females these effects were only seen in the parental organisms. A significant reduction in microsomal integrity has been reported in both generations of NP-treated mice as well as a negative effect on spermatogenesis and sperm quality [31].

        

      


      
        2. UV Filters


        UV filters are lipophilic high production volume substances with an increasing diverse spectrum of use, as sunscreens or product protection in cosmetics, as additives in plastics, folia, carpets, furnish clothing and washing powder. UV Filters have to be declared in cosmetics but remain essentially unidentified in technical products. Possible exposure scenarios are many folds as humans and animals can be exposed through the food chain and humans through skin [32]. UV filters represent a new class of endocrine active chemicals. In vitro, 8/9 chemicals showed estrogenic (MCF-7 cells), and 2/9 antiandrogenic activity (MDA-kb2 cells). Six/nine filters (benzophenone (Bp)-1, Bp-2, Bp-3, 3-benzylidene camphor (3-BC), 4-methylbenzylidene camphor (4-MBC), octyl-methoxycinnamate (OMC)) increased uterine weight in immature rats.


        3-Benzylidene camphor and 4-MBC displaced 16α125I-estradiol from human estrogen receptor (ER)β, not ERα. Developmental toxicity of 4-MBC (0.7-47 mg/kg body weight/day) and 3-BC (0.24-7 mg/kg), administered in chow was investigated in Long


        Evans (LE) rats. Weight gain of pregnant rats was reduced only by 3-BC, early postnatal survival rate and thymus weight by both compounds at higher doses. 4-Methylbenzylidene camphor and 3-BC delayed male puberty, and dose-dependently affected reproductive organ weights of adult male and female F1 offspring, with partly different effect patterns. Thyroid weight was increased by higher 4-MBC doses. Tissue-specific changes in mRNA levels of estrogen-regulated genes in prostate, uterus and brain regions, determined by real-time PCR, and in their response to acute estradiol challenge in adult gonadectomized offspring were observed [32, 33].

      


      
        3. Siloxane


        The cyclic siloxane octamethylcyclotetrasiloxane (D4) and the linear siloxane hexamethyldisiloxane (HMDS) have numerous industrial and consumer applications and thus have the potential for human exposure. In an uterotrophic assay in immature rats receiving oral doses of D4 and HMDS for 4 days, D4 exhibited weakly estrogenic effects (dose-related increase in uterine weight and epithelial cell height) in both SP and F-344 rats. The substance also showed weak antiestrogenic properties by partially blocking EE (ethinylestradiol) induced uterine weight increases (competitive inhibition of estrogen receptor binding or D4 acting as a partial estrogen agonist). Estrogenic and antiestrogenic effects of D4 were several orders of magnitude 50 less potent than EE, and many times less potent than the weak phytoestrogen CE [34].


        In the same assay HMDS showed no measurable effect on uterine weight when tested as an agonist. When co-administered together with EE, HMDS produced a slight, but statistically significant reduction in absolute uterine weight. The biological relevance of this could not be assessed in the present study [35].

      


      
        4. Polybrominated Diphenyl Ethers (PBDEs)


        
          4.1. Thyrotoxicity


          Hydroxy-PBDE have structural similarities with the thyroid hormones 3,5-diiodothyronine (T2), 3,3,5-triiodothyronine (T3) and 3,3,5,5-tetraiodothyronine (thyroxine, T4). They have been reported to bind human alpha- and beta-thyroid hormone receptors. PCBs and PBDEs both alter thyroid hormone balance by disrupting brain development. PBDEs also bind to cytosolic aryl hydrocarbon receptors, thyroid hormone receptors, and serum thyroid hormone binding proteins (i.e., transthyretin). Specific congeners may decrease, increase, or mimic the biological action of thyroid hormones owing to structural similarities to these compounds [36].


          Short-term exposure to less-brominated PBDE congeners interferes with thyroid function and disrupts hormonal balance. In metabolic studies of tetra-BDE, hydroxy-tetra-BDE metabolites were found. These hydroxy-PBDEs may reduce T4 levels by binding to thyroid hormone transport protein (transthyretin), interfering with normal thyroid hormone transport, resulting in decreased total thyroxine levels.

        


        
          4.2. Estrogenicity


          PBDEs are also estrogen disruptors, some hydroxy-PBDEs were more potent inducers than estradiol at higher concentrations. The concentrations of PBDEs leading to 50% induction varied from 2.5 to 7.3 μM. Several pure PBDE congeners as well as OH-PBDE are agonistic of both alpha and beta-receptors and stimulate ER-mediated luciferase induction in vitro. This suggests that PBDEs may produce more potent pseudoestrogens upon in vivo metabolism that can compete with T4 for binding totransthyretin. Other estrogen receptor-mediated pathways affecting testis development, hepatic enzymes activity, and behavior may be affected as well [37].

        

      


      
        5. Benzothiazole (BTHs)


        Benzothiazole and its derivatives (BTHs) are used in rubber products to accelerate the vulcanization of rubbers and to enhance mechanical strength and abrasion resistance. Some benzophenone derivatives (BPs), as well as some phenolic BTRs, are efficient UV light filters and are widely used in plastics and other polymeric materials. The acute toxicities of BTRs, BTHs, and BPs were reported to be low. Human intake of benzophenones occurs from food and medicine, and these chemicals may accumulate in the body to some extent. However, various adverse effects from chronic exposure to these compounds have been reported. Mutagenicity and estrogenic potential of 1-H-BTR have been reported in bacteria and aquatic organisms. 1-H-BTR and tolyltriazole (TTR, a mixture of isomers of 4-methyl-1-H-BTR and 5-methyl-1-H-BTR) were phytotoxic.


        Some hydroxylated benzophenones also show estrogenic activity in the yeast two hybrid system with estrogen receptor and coactivators [38]. It was reported that 2-hydroxy-4-methoxybenzophenone (2-OH-4-MeO-BP) and 4- hydroxybenzophenone (4-OH-BP) are weakly positive in the uterotrophic assay using immature rats [39]. Androgenic and anti-androgenic properties of hydroxylated benzophenones are also an important problem. Yamasaki et al. [40] reported that some hydroxybenzophenones do not act as antiandrogen in the Hershberger assay and Satoh et al. [41] showed that benzophenone has no affinity for androgen receptor. While Ma et al. [42] reported that 2-OH-4-MeO-BP is a weak antagonist for androgen receptor. However, the activities in reporter assays have not been fully examined, and the relationship between the structure and activity of benzophenone derivatives is not yet understood.


        The in vivo activity results obtained by Suzuki et al. [43] suggest that benzophenones pose a relatively low risk to humans in terms of endocrine disrupting, in spite of the in vitro activity. In contrast, some hydroxylated benzophenones, such as those hydroxylated at the 2 and 4-positions, showed both estrogenic and antiandrogenic activities, and the presence of other hydroxyl groups markedly alters these activities. Thus, these compounds might exhibit endocrine disrupting action via both mechanisms in animals.

      


      
        6. DDT


        
          6.1. Sex Steroid Axis


          The effect of DDT and its metabolites on the reproductive system has been a primary focus of many researches. Kelce et al. [44] reported that p,p'-DDE, the major and persistent DDT metabolite, has little ability to bind with the oestrogen receptor, it does bind strongly with the androgen receptor and inhibits androgen receptor action via the inhibition of androgen-induced transcription. DDT or DDE may alter sex hormone metabolism, reducing available testosterone to tissues [45].The authors suggested that p,p'-DDE can cross the placenta to the developing human fetus and reach levels shown, in rats, to induce anti-androgenic effects in vivo. Because of concerns about DDT storage in fat, several attempts have been made to estimate the relation between DDT levels in breast fat and breast cancer incidence. Falck et al. [46] showed that women with malignant breast cancer had significantly higher mammary adipose tissue levels of p,p'-DDT and the metabolite p,p'-DDE than women with benign changes.

        


        
          6.2. Thyroid Axis


          Given their wide spectrum of steroid action, it is not surprising that DDT and its metabolites could affect axis in the endocrine system. For example, DDT causes hyperthyroidism and enlargement of the thyroid. Xenobiotic compounds like DDT and its metabolites exert an effect on the thyroid by disrupting one of the several possible steps in the biosynthesis and/or secretion of thyroid hormones. These steps include (1) inhibition of the iodine-trapping mechanism (thiocyanate or perchlorate), (2) blockage of organic binding of iodine and coupling of iodothyronine to form thyroxin (T4) and triiodothyronine (T3) or (3) inhibition of T3/T4 secretion by an effect on proteolysis of active hormone from the colloid [47]. DDT has been shown to disrupt thyroid hormone economy by increasing the peripheral metabolism of thyroid hormones through an induction of hepatic microsomal enzymes. The effect of DDT and its metabolites have been reported in several species. Male juvenile alligator from Lake Apopka, Florida (dicofol and DDT spill in 1980٫s), have elevated plasma T4 levels compared to male juvenile alligators in lake Woodruff, Florida [48].

        


        
          6.3. Adrenal Axis


          Guillette et al. [49] suggested that DDT could have corticosterone like action in anurans. They described facial abnormalities in metamorphic froglets after exposure of Kassina senegalensis tadpoles to corticosterone. These effects are identical to those reported in other anurans larvae after DDT exposure. Guillette et al. [49] has hypothesized that the effect of corticosteroneis due to its stimulation of DDT release from fat stores. Antiadrenal action of o,p´-DDD and o,p´-DDE are well documented [50]. As o,p´-DDD inhibits adrenal steroidgenisis in variety of species. Including human, dogs, various fish species, and birds, but does not affect adrenal steroidgenisis in sheep, tiger salamanders or tree lizards.

        

      


      
        7. Polychlorinated Biphenols (PCBs)


        During the last decade there has been increasing concern about the endocrine disruptive effects of many OCs (Organic Chemicals) in humans as well as in wildlife species [51]. Many environmental compounds, including the pesticides 2,4-D and DDD and the industrial chemicals PCBs and dioxins, interfere with thyroid hormone processes [52]. The thyroid system is one of the endocrine systems affected by PCBs [53]. The substances can affect hormone production by altering iodide use and delivery. They can affect thyroid enzymes that put together or take apart the hormones. They can alter thyroid hormone delivery to body tissues by changing blood transfer protein concentrations. Thyroids (THs) also stimulate the uptake of oxygen in most metabolically active tissues, and TH regulation is essential for maintaining normal body temperature [54]. Zoeller have suggested that effects of PCBs on brain development may be caused by their ability to affect the thyroid system [55]. There are two main types of THs: thyroxin (T4) and triiodothyronine (T3), which contain four and three iodine atoms, respectively. Substances can disrupt nearly every part of thyroid hormone production, delivery, and breakdown. But, unlike estrogens, androgens, and other steroid hormones, they do not strongly interfere with thyroid receptors.


        Additionally, some PCBs and their breakdown products double up on thyroid hormones. First, they can tie up thyroid transport proteins in the blood leaving natural thyroid hormones without an escort. Secondly, the compounds boost certain hormone destroying liver enzymes. In essence, the free-floating thyroid hormone is filtered from the blood into the liver, quickly coated with sugar, and excreted out of the body. Thyroid hormone levels fall, and the thyroid gland balloons into a goiter. Enlarged thyroid glands have been observed in wildlife, such as herring gulls and rainbow trout, living in the Great Lakes region [56].


        PCBs/dioxins disrupt the TH system by decreasing blood TH levels, which in turn induces hypothyroidism in various organs. Prenatal exposure to PCBs/dioxins in laboratory animals induces a decrease in plasma T4 levels without significantly altering the growth [57], and T3 levels remain within the normal range [58], indicating that the toxicity of these chemicals does not manifest by altering blood TH levels. On the other hand, because the molecular structures of PCBs/dioxins are similar to those of TH, these chemicals are considered to act via TH receptors (TRs) [59]. Furthermore, these compounds can be transferred across the blood–brain barrier and accumulate in the brain [60]. These findings suggest that PCBs/dioxins induce abnormal brain development by directly acting on TR.

      


      
        8. Cadmium


        The prominence of estrogens in the etiology of breast cancer suggests that environmental exposures to chemicals that mimic effects of estrogens may be potential risk factors for the disease [61]. A new class of environmental estrogens referred to as metalloestrogens has been identified. Metalloestrogens include the heavy metals and metalloids cadmium, aluminum, antimony, arsenate, barium, cobalt, copper, chromium, lead, mercury, nickel, nitrite, selenite, tin, uranium and vanadate [62, 63].


        Cadmium has the potential to disrupt endocrine function by behaving like sex hormones [64]. At low concentrations the metal mimics the effects of estradiol and binds with high affinity to the hormone-binding domain of ER-alpha (Estrogen Receptor-α). This binding involves several amino acids, suggesting that cadmium activates the receptor through the formation of a complex with specific residues in the hormone-binding domain [64, 65]


        
          8.1. Estrogenic Effects of Cadmium


          A study by Johnson et al. [65] shows that, cadmium might also cause early puberty and possibly breast cancer. Roy et al. [66] has also shown that even low doses and short term exposure to cadmium can cause specific DNA damage in breast tissue and may be a possible mechanism of action of cadmium on the cell cycle of human mammary cell lines. The MCF-7 cells are a hormone dependent human breast cancer cells that require estrogens for growth [67]. Cadmium significantly stimulated the growth of MCF-7 cells when compared with cells grown in estrogen-depleted medium, comparable with the degree of growth stimulated by estradiol [68, 69]. This study demonstrates that cadmium induces cell growth, and may have a possible role in the etiology or progression of breast cancer.


          [image: ]


          Additional evidence shows that cadmium also activates the non-genomic ERα pathways [68, 70]. More importantly, at a dose similar to the World Health Organization Provisional Tolerable Weekly Intake (PTWI 0.007 mg/kg body weight), cadmium mimics the in vivo effects of estrogen in target organs in animal studies [65]. Similar to estrogens, exposure of ovaryectomized animals to a low dose of cadmium (5 μg/kg body weight) results in the induction of estrogen target genes and an increase in uterine wet weight that are blocked by an anti estrogen.

        


        
          8.2. Androgenic Effects of Cadmium


          [image: ]


          Several studies suggest that exposure to cadmium is a risk factor for prostate cancer; however, not all epidemiological studies support a role for the metal in the etiology the disease. The first studies to suggest a link between cadmium and prostate cancer showed an increased risk of the disease in occupationally exposed workers in a nickel cadmium battery factory. Several additional occupational studies demonstrated an association between cadmium exposure and an increase in prostate cancer risk and mortality [71]. The latter studies found that prostate cancer was associated with dietary exposure to cadmium through drinking water and food [72]. More importantly, environmentally relevant doses of cadmium mimic the effects of androgens in castrated rats and mice.


          A recent study by Nagata et al.. investigated the association between urinary cadmium levels and estrogens and androgens in 164 postmenopausal Japanese women [73]. Their results revealed a significant positive association for cadmium exposure and testosterone levels. The cross-sectional nature of this study limits assessing the relationship between timing of cadmium exposure and hormonal changes. Cross-sectional studies may also involve length biased sampling, over-representing cases with a long duration and under representing those with a short duration of breast cancer. Also, the small sample size and possible confounding with other unmeasured factors makes the results of this study preliminary. Taken together, these data suggest that cadmium is also a metalloandrogen and may explain, in part, the risk of prostate cancer associated with exposure to the metal.

        

      


      
        9. Phytoestrogens


        Phytoestrogens are plant compounds that have effects similar to those of estrogen, the major female sex hormone, in the body. They can be divided into two main groups: isoflavones, which are found in soybeans, red clover, kudzu root, among others; and lignans (Fig. 3), substances that are found in flax seed, whole grains, and some fruits and vegetables. Soy is a unique dietary source of the much studied isoflavones called genistein and daidzein.
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Fig. (3)


        Isoflavones (a) and Lignans (b).


        Phytoestrogens are thought to compete with natural estrogens for estrogen receptors on cells. By binding to the receptors, phytoestrogens prevent estrogen from stimulating certain tissues and theoretically lower the risk of developing cancers that are spurred by estrogen. Isoflavones are much more potent than lignans when it comes to interacting with estrogen receptors in the body. Although they compete for the same binding sites on cells, phytoestrogens do not act exactly the same way natural estrogens do. Chemically, for example, isoflavones are only about one-thousandth as potent as natural estrogens. But in some of the body's tissues, phytoestrogens mimic the action of estrogen and may alleviate the symptoms of menopause in older women; in other tissues, they block the action of estrogen and thereby lower the risk of developing some kinds of cancer, especially of the breast cancer [74].


        
          9.1. Phytoestrogens in Males


          The use of phytoestrogens (as soy protein) in fast food meals and other processed foods as a low cost substitute for meat products may lead to consumption of isoflavonoids by fast food eaters. A research team speculates that, such intake may lead to a slight decrease in male fertility, including a decrease in reproductive capability if isoflavones are taken in excess during childhood [75]. In theory, exposure to high levels of phytoestrogens in males could alter their hypothalamic-pituitary-gonadal axis. However, studies have shown that such a hormonal effect is minor. It may have health benefits for males [76]. Isoflavones supplementation has no effect in sperm concentration count or motility and shows no changes in testicular or ejaculate volume. Researchers are studying if phytoestrogens can prevent prostate cancer [77].

        


        
          9.2. Phytoestrogens in Females


          There are conflicting studies, and it is unclear if phytoestrogens have any effect on the cause or prevention of cancer in females. Epidemiological studies showed a protective effect against breast cancer, in vitro studies concluded that females with current or past breast cancer should be aware of the risks of potential tumor growth when taking soy products, as they can stimulate the growth of estrogen receptor-positive cells in vitro. The potential for tumor growth was found related only with small concentration of genistein (kind of isoflavones found only in soy) and protective effects were found with larger concentrations of the same phytoestrogen. Messina et al. [78] stated the opinion that not enough information is available, and that even if isoflavones have mechanisms to inhibit tumor growth, in vitro results justify the need to evaluate, at cellular level, the impact of isoflavones on breast tissue in females at high risk for breast cancer. The generally accepted position on this topic is that phytoestrogens may be beneficial for healthy females and that females with known breast cancer should be aware of potential risks and consider avoiding consumption until more information is available [79].

        

      

    


    
      OCCURANCE OF EDCs IN AQUATIC ENVIRONMENT


      Sewage effluents have been identified as a source of a diverse mixture of EDCs to the aquatic environment. These waters from homes and industries include natural and synthetic hormones (estrogens, androgens), active ingredients in pharmaceuticals, metals, pesticides, personal care product additives, and industrial chemicals [80]. In areas of food production, storm runoff from agricultural fields is an important non point source of EDCs (pesticides, hormones, pharmaceuticals) to aquatic systems.


      Animal wastes are also washed into surface waters by rainfall and contain endogenous hormones, growth promoters and pharmaceuticals. Other EDCs are found in the sludge (biosolids) that remains after sewage is treated [81]. If these solids are applied to fields, EDCs like triclosan are found in nearby surface waters [82].


      Bisphenol A had been detected in all kinds of environmental water, the primary sources of Bisphenol A released to environmental water are expected to be the discharge of municipal effluent and industrial wastewater, also can be encountered in raw water [83, 84]. The maximum concentrations reached up to 17.2 mg/L in hazardous waste landfill leachates [85], 12µg/L in stream water [86] and 0.1µg/L in drinking water. BPA was shown to be present in Dutch, Netherlands, surface water at levels up to 330 ng/l, and one occasional level of 21 µg/l. Also in other studies, In 1997 BPA was found in Dutch surface water at levels varying from 4 to 160 ng/l [87]. Similarly, in a German study, BPA levels in surface water ranged from 0.5-229 ng/l with a median of 23 ng/l [88]. Crain et al. [89] note that although BPA dissolved in surface water has a short half-life because of photo- and microbial degradation, metabolites may persist. Additionally, while most values reported for BPA in surface water are below 1μg/L [90], BPA concentrations can vary with depth [90] so sampling throughout the water column may be necessary to accurately characterize BPA. Observed BPA concentrations in oceans and estuaries are relatively low compared to some fresh water systems. However, BPA leaching could be a concern at marine sites where plastic waste has accumulated, as BPA leaches more rapidly in marine than in freshwater systems [89, 91] and microbial degradation may occur more slowly [92].


      Nonylphenol (NP) which are non-ionic Surfactants and widely used in many industries can cause several hazards to aquatic ecosystem. Pesticides are thought to be a secondary source of NP contamination in natural water because Nonylphenol ethoxylates (NPEOs) are used as adjutants in pesticide formulations [93]. However, most wastes are first passed through a wastewater treatment plant. Most of the NP containing compounds, such as (NPEOs), is then aerobically degraded by bacteria into shorter Nonylphenol ethoxylates or NP. In the wastewater treatment plant, it is estimated that half of the NP absorbs on particles. These particles then stay in the wastewater treatment plant as sludge or are emitted into the aquatic phase and settle on the sediment [94]. The concentration values for NP in sediments are several orders of magnitude higher that those found in surface waters, and can reach concentrations up to 13.700 μgkg-1 [18]. It appears that degradation of Nonylphenol in sea water and sediments may be slower than in fresh water and freshwater sediments. Bennie et al. [95] measured Nonylphenol in Great Lakes water; they found about 25 percent of sites sampled had concentrations from 0.01 to 0.92 µg/L.


      DDT may reach surface waters primarily by runoff, atmospheric transport, drift, or by direct application (e.g. to control mosquito-borne malaria). The reported half-life for DDT in the water environment is 56 days in lake water and approximately 28 days in river water. The main pathways for loss are volatilization, photodegradation, adsorption to water-borne particulates and sedimentation. Many studies indicate that bottom sediments in lakes and rivers act as reservoirs for DDT and its metabolites. Despite a twenty-year ban in the USA, It is still found concentrated in soils and freshwater sediments. Field and laboratory studies in the United Kingdom demonstrated that very little breakdown of DDT occurred in estuary sediments over the course of 46 days. DDT has been widely detected in ambient surface water sampling in the United States at a median level of 1 ng/L [96].


      In aquatic environment, PCBs bind readily with sediment particles and do not easily dissolve in water. In estuaries and rivers, PCBs bind to sediment particles one million times more strongly than to water molecules. PCBs molecules attached to sediment particles eventually sink to the estuary or river bottom, where they are eaten by bottom fauna. These smallest aquatic organisms are eaten by successively larger, predator fish which are then consumed by fish-eating mammals. The PCBs in surface sediments of Egyptian Mediterranean coast are predominant over all kinds of pesticides the concentration was ranged from 0.31 to 1.95 ng/g [97].


      Polybrominated Diphenyl ethers (PBDEs) have been detected in coastal and estuarine environments. They have also been found in the air, soil, sediments, humans, wildlife, fish and other marine life, and sewage treatment plant sludge [98].


      Cadmium, Lead and Arsenic, as a metallic hormone, can enter surface waters from the natural sources and from a variety of manufacturing operations that involve either cadmium itself or zinc that contains a cadmium impurity. Cadmium and Lead can enter the water environment from the plating operations when spent plating solutions are discarded. The production of refined metals is a potential source of Cd and Pb in nearby surface waters. Lead can also enter the aquatic environment from the boats have been painted with a paint that is high in lead [99].

    


    
      OCCURRENCE OF EDCS IN MARINE ORGANISMS


      Both marine and freshwater fish are exposed to a variety of EDCs from a range of sources. Effluents from industrial sites containing EDCs such as alkylphenol ethoxylates or Bisphenol A, urban and agricultural runoff which contains a number of endocrine disrupting pesticides and residues, sewage effluent which has shown to exert an oestrogenic effect on male fish, and sewage sludge dumped at sea all result in the exposure of fish to EDCs (Fig. 2). Once effluents are discharged to aquatic environments, EDCs will be diluted in stream or river waters so that organisms living very close to the discharge will have the highest exposure. Although some EDCs are not persistent in waters (e.g. estrogens persist days to weeks), there is a constant discharge and fish and other organisms are continuously exposed to a mix of persistent and “pseudo persistent” chemicals. Additional exposure sources, especially in marine environments, are accidental or intentional discharges from oil tankers, ships and fuel extraction activities and oil spills [10].


      Bisphenol A has an acute toxicity to aquatic organisms in the range of 1-10 mg/L for freshwater and marine species. Examples of LC50 values are 1.1 mg/l for shrimp and 4.7 mg/L for minnow [100] and of EC50 values are 10 mg/L for water flea. Belfroid et al. [87] and Lindholst et al. [101] reported that, BPA is present in the liver of rainbow trout (75 ng/g d.w), while in muscle; the levels remained below the limit of detection (5ng/g d.w). In another study of Lindholst et al. [101], rainbow trout were exposed to BPA during 12 days via the water phase it was observed mainly in the liver; they also detected BPA in the muscle, but at much lower concentrations. The risks of estrogenic effects of the present BPA levels in the environment can be based on the observed estrogenic response in rainbow trout [101, 92]. While BPA exposure has resulted in growth and developmental effects in fishes, this has only been found to occur above typical environmental levels. Alo et al. [102] found 80 μg/L BPA altered the activity of neural estrogen receptors that regulate growth hormone in Mediterranean rainbow wrasse (Coris julis), potentially impairing reproduction and development in this sequentially hermaphroditic species. Embryonic medaka were found to exhibit increased morphological deformities from 200 μg/L BPA exposure [103], whereas zebrafish embryos exposed to 228 μg/L concentrations of BPA showed signs of feminized brains [89]. At higher BPA exposure (1000 μg/L) yolk sac edema and hemorrhage were observed in salmon fry (Salmo salar m. Sebago) [104]. Elshaer et al. [105] assess the histological changes and the harmful effect caused to the gill tissues of both mosquito-fish (Gambusia affinis) and a guppy-fish (Poecilia reticulata), collected from Egyptian water, after exposure to BPA (50μg/L of BPA) for 15 days (short term) and 30 days (long term).


      Mollusc (Potamopyrgus antipodarum) exposed to concentration of 5μg/L BPA for 9 weeks led to increase female fecundity [106], also the exposure to concentration 59.4 μg/L BPA for 3 weeks for Mollusc (Mytilus edulis) led to identifiable protein expression changes [107].


      Nonylphenol is lipophilic, thus are accumulated in a wide range of marine and aquatic life including algae, crustacean, mollusks, and fish [108]. This is especially important when these organisms are part of the lower trophic level. High concentrations of NP were determined in different tissues of in the fish and wild duck. The low NP concentrations found in some higher animals could be due to the tissue metabolism and elimination. However, information is sparse concerning the metabolic fate of Nonylphenol in aquatic animals [18]. However, Keith et al. [109] measured Nonylphenol in fish tissues of seven species from the Kalamazoo River and in water at the river’s confluence with Lake Michigan. They found 41 percent of the tissue samples had measurable concentrations of Nonylphenol with a range of 3.3 to 29.1µg/kg and a mean value of 12.0 µg/kg.


      Pesticides and PCBs have strong lipophilic properties, which have caused extensive concerns due to their persistence in the environment and enrichment in food chains [110, 111 ]. These hydropholic compounds are mainly stored in fat tissues and when fats are mobilized, the toxic substances re-enter the circulatory system disturbing the organisms, normal physiology. PCBs have been detected in both fresh and marine water fish in varying amounts depending on size, feeding grounds, position in the food chain. This process is called bioaccumulation or biomagnifaction, and PCB levels in top predators such as bald eagles, lake trout and humans can be millions of times those found in surface water. Because PCBs are soluble in fat (as mentioned before), they stay stored in an organism's fatty tissue and can build to harmful levels over time [112].


      The main route of exposure to PCBs is via the diet, the major dietary sources of PCBs are fish, in particular oily fish (e.g.salmon, herring, sardines, fresh tuna, swordfish) and those caught in contaminated lakes or rivers, fish oils, meat and dairy products [113]. Because they are usually highly persistent as well as lipophilic, organochlorines tend to accumulate in the fat deposits of animals, especially those with poor metabolic and excretory capabilities for these pollutants, such as marine mammals [114]. In a study conducted in Egypt on the concentration of PCBs (as one of EDCs) in muscle tissues of some cultured freshwater fish, which represent the main meal of fish for the vast majority of Egyptians people, it was found that the concentration ranges from (1.646-22.768 ng/g).This result indicates that agricultural activities (as the fish farm feed on mixed wastes) have affected the water quality of in which the fish live; these organic contaminants are transported to the people through the diet causing a lot of troubles [97].


      The bivalve (Brachiodontes sp.) collected along the Egyptian Red Sea coast, the PCBs concentrations were lowest than concentrations of PCBs recorded in mussels collected worldwide. Similarly, the concentrations of PCBs and pesticides observed in coral reef skeleton, collected from Egyptian Red Sea coast, it exhibited moderate differences with low accumulation for most locations [115]. This suggests that PCBs sources may be less prevalent in Egyptian Red Sea environment; consequently, it still does not pose a threat to the ecosystem in this region


      Aquatic organisms also readily take up and store DDT and its metabolites. DDT reduced primary production by as much as 50% at a concentration of 1 ppb. Marine fish appear to be very sensitive to DDT: the 96 h LC50 for it ranges between 0.4 and 0.89 µ/L for a variety of teleosts. Aquatic vertebrates such as fathead minnow and rainbow trout have also been found to contain DDT. Bivalve molluscs, on the other hand, with their ability to concentrate organochlorine pesticides without coming to harm have a 96 h LC50 greater than 10 mg/l [116].


      In a study of different trophic levels of the North Sea food web, the lipid levels of six major tri, tetra, penta and hexa-BDE congeners in fish were found comparable to the levels in marine invertebrates. Biomagnifications of more than an order of magnitude occurred going from gadoid fish to marine mammals [98]. In the general population, exposure to cadmium occurs primarily through dietary sources, cigarette smoking, and, to a lesser degree, drinking water. Although the metal has no known physiological function, there is evidence to suggest that the cadmium is a potent metallohormone mimics the function of steroid hormones [99].

    


    
      EDCs IN EGYPTIAN ENVIRONMENT


      Exposure to endocrine active compounds remains poorly characterized in developing countries despite the fact that behavioral practices related to westernization have the potential to influence exposure. BPA is a high production volume chemical that has been associated with metabolic dysfunction as well as behavioral and developmental effects in people, including children. A study on the exposure to phthalates, as ECDs, among premenstrual girls from rural and urban regions in Egypt by Colacino et al. [117], they revealed few differences in the urinary concentrations of specific phthalate metabolites between Egyptian and US girls, perhaps explained by routes/sources of exposure unique to a specific locale. This suggests that exposure to phthalates may be of equal concern in some developing countries as in the US. Colacino et al. [117] noted differences in urinary concentrations of phthalate metabolites by food storage. Additionally, they noted differences in the urinary concentrations of certain phthalate metabolites, mono-benzyl phthalate (MBzP), mono-(3-carboxypropyl) phthalate (MCPP), and mono-isobutyl phthalate (MiBP), between urban and rural individuals when these concentrations were adjusted for urinary dilution using specific gravity. Phthalate exposure alone likely will not explain differences in health effects, including breast cancer, between these urban and rural women in Egypt.


      Some traditional Egyptian food, tea and coffee usually served in plastic materials either cups or dishes contain phthalates. Generally, the diet has been considered the prime source of phthalates exposure in the population. High concentrations of Dimethyl phthalate (DMP), Diethyl phthalate (DEP) and Butyl benzyl phthalate (BBP) was recorded in two kinds of traditional food in Egypt ranging from 1.02 - 2.54 μg/kg [118].


      Nahar et al. [119] assess the concentration of BPA in the urine of girls in a province in the center of the Nile Delta in Egypt, similar concentrations of total urinary BPA concentrations were found between girls residing in urban and rural Egypt. The significant association between food storage in plastics and BPA concentrations suggests that diet is an important route for BPA exposure in this population. A closer look at changing food patterns and the consumer market may provide a better understanding of BPA exposure in developing countries.


      In the same province in Egypt, Dey et al. [120] found an approximately six times higher incidence of uterine cancer in urban areas, and, in addition, the evidence from Dey et al. [121] recent studies showed an almost four times higher urban incidence of breast cancer and ER+ breast cancer. Thus, it is likely that women in urban areas have a higher exposure to environmental hormonal risk factors, possibly xenoestrogens (EDCs). This is especially the case in light of there being no substantial differences between urban and rural women with regards to known risk factors of uterine and breast cancer.


      Xenoestrogens are a preventable cause of cancer, and more research at the individual level is required to clearly enumerate a possible association between xenoestrogens with uterine and breast cancers.


      El Kholy et al. [122] establish the normal stretched penile length and prevalence of male genital anomalies in full-term neonates and whether they are influenced by prenatal parental exposure to endocrine-disrupting chemicals in Egypt. A thousand newborns were included; their mothers were subjected to the following questionnaire: parents’ age, residence, occupation, contact with insecticides and pesticides, antenatal exposure to cigarette smoke or drugs, family history of genital anomalies, phytoestrogens intake and history of in vitro fertilization or infertility. Free testosterone was measured in 150 neonates in the first day of life. Mean penile length was 3.4±0.37 cm. A penile length <2.5 cm was considered micropenis. Prevalence of genital anomalies was 1.8% (hypospadias 83.33%). There was a higher rate of anomalies in those exposed to endocrine disruptors ((EDCs; 7.4%) than in the non-exposed (1.2%; p < 0.0001; odds ratio 6, 95% confidence interval 2-16). Mean penile length showed a linear relationship with free testosterone and was lower in neonates exposed to EDCs.
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