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Abstract. 
Di-2-ethylhexylphtalate is an ester of phthalic acid that has been used as plasticizer in many materials. Due to the extended use, it has been persistently found in different environments being classified as a pollutant with some risks for human health. However, in the last years, it has been found that this compound is produced by plants or microorganisms like bacteria or fungi. This finding opened a serious debate about the origin of this compound and questioned if it is a real pollutant or a natural metabolite with some biological activities that could help us in several ways. This review tries to give some data of the different points of view about this question.



1. Introduction
Phthalate compounds are colorless liquid chemicals that have been used as plasticizers to improve the plasticity and the flexibility of materials such as food packages, building, toys, medical devices such as blood storage bags, intravenous fluid bags, and other products [1, 2]. Di-2-ethylhexylphtalate (DEHP) has been persistently found in different terrestrial and aquatic environments resulting in one of the most important pollutants in the world [3]. These compounds are released from industrial products, and their photodegradation are very slow under natural conditions. Therefore, measurable concentrations of phthalate compounds accumulate over time in environments such as air, soil, water, and sediments causing a high human exposure [4]. The human beings can accumulate this compound through inhalation, skin contact, and the food chain. In this sense, many studies have been carried out regarding the toxicity effects of this compound in human health. These compounds are suspected to cause teratogenicity, mutagenicity, and carcinogenicity even at very low concentrations [5]. Increased awareness of phthalates toxicity has led to a dramatic increase in concern about the fate and removal of these pollutants in and from the environment. To reduce the presence of these compounds in the environment, many reactions have been reported to degrade and transform these compounds. One of the most effective methods is employing a great variety of microorganisms to biodegrade pollutants because it is simple, cheaper, and environmentally friendly. Several strains belonging to the genera Sphingomonas, Pseudomonas, Rhodococcus, Agromyces, Acinetobacter, Microbacterium, and Gordonia have been reported as DEHP-degrading bacteria [6–10]. These bacteria have been isolated from natural environments such as soil, water, or sediments; therefore, their use as biodegrading bacteria is environmentally friendly since they have natural source, form part of natural chain, and use natural metabolic pathways both under anaerobic and aerobic degradation, converting DEHP in less harmful metabolic secondary compounds [2]. In the same way, a series of phthalate-degrading fungal species has been summarized in previous studies [11] such as, Aspergillus parasiticus, Fusarium subglutinans, and Penicillium funiculosum, which can completely consume intact DEHP, either singly or in groups [12]. However, there is another part in this story that can generate controversy about the origin of this compound. This compound has been isolated from many microorganisms such as bacteria and fungi. The natural biosynthesis of this compound has been a matter of several debates questioning, that is, a pollutant with severe toxicity effects in human health. This review gives a global overview about the occurrence of DEHP naturally or synthetically.
2. Di-2-ethylhexylphtalate (DEHP) Chemical Compound
In general, phthalates are esters of phthalic acid, also known as esters of benzene-1,2-dicarboxylic acid. Phthalates contain a benzene ring with two ester groups. Their solubility in water decreases with an increase in the length of the carbon chain or molecular weight. Phthalates are oily liquids characterized by high boiling temperature, weak solubility in water, and satisfactory solubility in most organic solvents. These compounds are produced due to an esterification reaction to phthalic acid with various alcohols. Particularly, DEHP, also known as dioctyl phthalate (DOP), is obtained by the esterification reaction of 2-ethylhexanol with phthalic anhydride. It is a colorless liquid, and its molecular formula is C24H38O4 with a molecular weight of 390.57 g·mol−1. The compound is an isomeric substance due to the presence of diastereotopic protons adjacent to the chiral center. It has been widely used as plasticizer in many articles made of polyvinyl chloride (PVC) such as sewage pipe due to its low cost and chemical resistance [3, 13]. It has been also used to improve the plasticity and the flexibility of materials such as food packages, building, toys, and medical devices such as blood storage bags, intravenous fluid bags, and other products. It is present in many plastics, especially vinyl materials, which may contain up to 40% DEHP, although lower levels are common [14]. For example, DEHP has been used in PVC gloves that are used for cooking purposes. Several studies demonstrated the occurrence of phthalate in prepared lunches was mainly caused by DEHP containing PVC gloves used during the preparation of the foods [13–16]. DEHP also finds use as a solvent in glowsticks. As the phthalate plasticizers are not chemically bound to PVC, they can leach, migrate, or evaporate into indoor air and atmosphere, foodstuff, other materials, etc. Therefore, the extended use of DEHP is more than obvious [13, 14].
Industrial production has been carried out following the reaction of phthalic anhydride 1 with 2-ethylhexanol 2. Esterification of phthalic anhydride by alcohol takes place in two stages. The first stage is so rapid that it can be carried out in the absence of catalyst. However, esterification of the second carboxylic group is very slow and needs to be facilitated by acid catalyst, and the resulting water must be removed from the reaction mixture to achieve di-2-ethylhexylphtalate (DEHP) 3, as shown in Scheme 1.


	
	
	
	
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
		
	
	
		
	
	
	
	
	
		
		
	
	
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
	
	
		
	

Scheme 1: Synthesis of DEHP.


The synthesis is very simple; however, there have been some studies about what catalyst is the most convenient and appropriate to give the best yields. Sulfuric acid, methanesulfonic acid, p-Toluenesulfonic acid, and sodium hydrogen sulfate are the most conventional homogeneous used catalysts. Among them, sulfuric acid, as a strong acid, has been one of the most employed, both in laboratory and industrial practice. However, the generation of some by-products has leaded to replace it by p-toluenesulfonic acid that is less active catalyst but less aggressive. The applications of these catalysts cause some problems such as corrosion, loss of catalyst, and environment problems. Therefore, development of more efficient catalysts will be interesting and useful. A comparison is reported [17] between the homogeneous catalyst, p-toluenesulfonic acid, with heterogeneous catalysts such as zeolites and sulfated zirconia, demonstrating that heterogeneous catalysts showed high efficiency for esterification reactions. Another work, to study the kinetic model of this synthesis, uses methanesulfonic acid as a catalyst over the same reaction giving good results [18]. Each catalyst has some advantages over the others. It can be seemed that the heterologous catalysts showed high reaction yield, and they were used solvent free without requiring neutralization and washing steps, being of low cost and environmentally friendly catalysts.
The above-described method is the only way to synthesize DEHP; however, there are some studies on the optimization of synthesis of two starting materials that are used in the DEHP synthesis. There are two main routes to produce phthalic anhydride: the oxidation of o-xylene with air or K2SO4 as a promoter and oxidation of naphthalene in the same way using in both cases different silica gel and titania-supported catalysts, being V2O5/TiO2 catalyst which gives the best yields [19]. More recently, the oxidation of naphthalene was carried out with ozone to achieve phthalic anhydride; however, the yields were lower than before-used methods [20]. On the other side, 2-ethylhexanol is industrially produced through three consecutive reaction processes such as, propylene hydroformylation to n-butyraldehyde, n-butyraldehyde self-condensation, and typical aldol condensation reaction, which can be catalyzed by an acid, a base, or an acid-base bifunctional catalyst, to give 2-ethyl-2-hexenal, and a hydrogenation, catalyzed by the supported Cu or Ni catalysts, of this last compound to give 2-ethylhexanol [21]. More recently, the one-step synthesis of 2-ethylhexanol from n-butyraldehyde was exploited using Cu/Mg2.5AlOx catalyst. This one-step synthesis of 2EHO could simplify the process, reduce equipment costs and operating costs, and improve the process economy. However, this methodology is under investigation [22].
3. Occurrence of DEHP in the Environment and Its Effects
Phthalate esters are gradually released from industrial products during manufacturing, storage, use, and disposal [23]. The photodegradation and hydrolyzation rates of these pollutants are very slow under natural conditions. For example, DEHP has a half-life of 2000 years [24]. DEHP is used as an excipient in approved pharmaceutical formulations, added into polyvinyl chloride (PVC) to reinforce its flexibility, and to be used as a solvent for dyes. In general, DEHP is considered as high-volume selling plasticizer which could migrate to the environment and penetrate the human body through water, air, food, and medical equipment. It has been detected in many environmental places such as rivers, lakes, groundwater and wastewater, soil, sludge, and sediments. Phthalate esters can be released into the atmosphere as gaseous molecules, being temperature an important factor to control phthalate esters behavior. Despite the major phthalate esters are primarily present in vapor phase, DEHP preferred the particle phase. Rainfall transfers phthalate esters from the atmosphere to fresh water on land, causing their wide distribution in rivers, lakes, and sediments due to the natural hydrological cycle. DEHP is the predominant congener in both fresh water and sediments because of urbanization and industrialization. DEHP has low-water solubility; therefore, this compound concentrates from water into soil and sediments. There are many reports indicating the presence of diverse phthalates in agricultural soils being absorbed by crops and vegetables [25, 26]. Due to the plastics used in agriculture, many of phthalates were found in arable soils [25]. The phthalate esters that accumulate in agricultural soils may be absorbed by crops and vegetables, causing direct damage to the human food chain. However, as it can be seen later, DEHP is related with microorganisms since some of them can produce this compound.
Due to the high concentration of this compound in diverse environments, there have been realized some studies about the effect of this compound on the human health. The environmental risk limit (ERL) for DEHP phthalates in soil is 1000 μg/kg fresh weight [27]. Due to their potential health and environmental risks, the World Health Organization (WHO), US, Australia, Japan, and New Zealand have recommended the concentration of DEHP in drinking water to be below 8, 6, 9, 100, and 10 μg/L, respectively [28]. However, its potential toxicity is inconclusive. Some studies highlight its probable carcinogenic effect and its role as emerging endocrine disruptor and epigenetic toxicant. However, its potential toxicity is inconclusive. This compound is not severely toxic over a reasonable period; however, oxidized products of DEHP are probably more harmful than DEHP itself, because for humans the metabolism of DEHP seems to be more complex and involves several oxidative metabolites. Logically, many studies have been done in animals since they are more available for clinical trials; however, only few data are available for human toxicity being sometimes contradictory. There is no clear evidence about the association between exposure to DEHP and liver cancer in humans [29]. There are some studies [30] that have demonstrated that the exposure of a man to DEHP produce sperm abnormalities, such as reduced sperm count and motility, among others. Many other experiments about the effect of DEHP on human reproductive system have failed trying to detect the real adverse impact of DEHP in humans [31, 32]. About the effect of DEHP on several biological functions, there are many experiments that conclude that DEHP induces chromosomal aberrations, such as DNA strand breaks and gaps.
Consequently, there is a need to develop efficient processes to remove DEHP from different environments or degrade this compound. There are some questions about conventional treatment processes to degrade DEHP. One question is about if the physicochemical treatments are better than biological treatments. Normally, advanced oxidation processes have been developed and applied to remove DEHP at laboratory scale; however, for large-scale application, more research is need. This can be overcome by coupling this method with biological processes improving the DEHP biodegradation and reducing the operating cost as well as a shortening retention time [33]. It is important to consider the biodegradation pathway of DEHP that is shown in Figure 1. In Figure 1 are shown the different pathways that can follow DEHP biodegradation. It can be observed that the pathways are different using aerobic bacteria or anaerobic bacteria. Accordingly, bacteria can follow different ways through ortho- or metacleavage pathway [6]. There are many aerobic bacteria that can degrade phthalates primarily Arthrobacter sp., Pseudomonas sp., Sphingomonas sp., Burkholderia sp., Ochrobactrum sp., Serratia sp., Bacillus sp., and Acinetobacter sp. In addition to bacteria, some fungal species such as Aspergillus, sp., Fusarium sp., and Penicillium sp. can also degrade phthalates. Monoester phthalate and phthalic acid are common central intermediates in the anaerobic mineralization of phthalate esters. Phthalic acid should be converted to benzoate through decarboxylation, but no experimental evidence is available regarding the exact location of decarboxylation in degradation pathway. Benzoate degradation proceeds through ring cleavage to carbon dioxide, hydrogen, and acetate, which is converted into methane in further steps. The bacterial aerobic degradation of phthalate esters involves a sequence of reactions and is common to most microbes. As is shown in Figure 1, the cleavage of esters linkages is the common first step yielding phthalic acid. This acid can follow different routes depending if the bacteria is Gram positive or Gram negative. However, both routes converge in protocatechuate, which can follow different ways through ortho- or metacleavage pathway [34].


	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
		
	
	
	
	
	
	
	
	
	
		
	
	
		
		
	
	
	
	
	
	
	
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
		
	
	
	
		
	
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
		
	
	
	
		
	
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
		
		
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
		
	
	
	
	
		
		
	
	
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
	
	
	
		
		
	
	
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
		
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
		
		
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
	
		
		
	
	
	
		
	
	
	
	
		
		
	
	
	
	
	
	
	
		
	
	
		
		
	
	
	
	
	
	
	
	
		
	
	
	
	
		
		
	
	
	
	
	
	
		
	
	
	
	
		
	
	
	
	
		
		
	
	
	
		
		
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 1: Biodegradation pathway of DEHP.


4. Natural Product Isolated from Several Organisms and Its Activity
Today, one of the biggest problems in the world related with the human health is that the number of drug-resistant bacteria has alarmingly increased; therefore, the search for new drugs has emerged as an interesting research area. In this sense, microbial secondary metabolites have been the target for this search, since many of the most consumed antibiotics have been isolated from bacteria or fungi. Some of the chemical compounds isolated from microorganisms have other uses such as di-2-ethylhexylphtalate which has been widely used in plastics. As it has been mentioned, this compound has been considered as an environmental polluting due to the industrial origin. However, this idea has changed gradually since it has been found that this compound is synthesized by many organisms such as plants, bacteria, or fungi, and several studies have demonstrated different biological activities for this compound.
A phytochemical study on the flower of Calotropis gigantea showed the isolation of di-2-ethylhexyl phthalate [35]. In the same study, this compound showed an antibacterial and antifungal activity against Staphylococcus aureus, Bacillus subtilis, Sarcina lutea, Escherchia coli, Shigella sonnei, and Shigella shiga and Shigella dysenteriae bacteria and Aspergillus flavus fungus [35]. The same group more recently explored the anticancer activity of this compound showing that it has dose-dependent antitumor activity against Ehrlich ascites carcinoma cells in vivo [36].
As it has been mentioned, some microorganisms have also produced this compound. Among them, actinomycetes, also called filamentous bacteria, is a group that produces this compound. Streptomyces sp. produced di-2-ethylhexyl phthalate which showed antibacterial activities against Gram-positive bacteria and fungi [37]. From Streptomyces mirabilis has also been isolated the same compound with antimicrobial activities mainly against Gram-positive bacteria and yeasts [38]. An actinomycete identified as Nocardia levis produced this phthalate that showed a moderate antimicrobial activity against some Gram-positive bacteria and some fungi [39]. There is no much literature reporting the production of this compound by other genera of bacteria. The only report is about Bacillus cereus bacteria symbiotically associated with an entomopathogenic nematode sp., namely, Rhabditis (Oscheius) sp. which secreted DEHP to the culture showing high-antimicrobial activity [40]. The fungi are the largest microbial group secreting this compound. Penicillium species produce a very diversified array of active secondary metabolites, including antibacterial, antifungal, immunosuppressant, and cholesterol-lowering agents. Recently, it has been reported that Penicillium janthinellum produced DEHP as a major bioactive compound, showing in this report a potent dose-dependent antitumor activity against Ehrlich cells in vivo [41]. Another fungus that produces DEHP is Aspergillus fumigatus which was shown to secrete this compound [42]. Very recently, the same compound was isolated from Aspergillus awamori showing activity against Candida albicans fungus and against Gram-positive bacteria Sarcina lutea, having at the same time, cytotoxic activity against some carcinoma cell lines [43].
5. Conclusions
Di-2-ethylhexylphtalate is used as plasticizer during industrial production of PVC, paints, adhesives, cosmetics, and food packaging, among others [15]. These compounds easily migrate to the environment; therefore, they are present in any environment such as plants, soils, water, and sediments [26]. This situation can create a human health problem because of the high exposing levels for humans. In this sense, there have been many studies about the human health problems associated with the exposure to this kind of compounds, probing that they can cause infertility and reproductive problems in males [27]. To solve this problem, many researchers have tried to remove these pollutants from the environment. Many study results indicate that biodegradation under aerobic conditions is the best option for the mineralization of phthalate esters in the environment. The use of microorganisms for this purpose has been extensively reported [6]. However, it has been found that DEHP compound is synthesized by many organisms such as plants, bacteria, or fungi, and several studies have demonstrated different biological activities for this compound [38]. These data show that many microorganisms produce di-2-ethylhexylphtalate but it is unclear if this compound is originated from secondary metabolisms of the living organisms or is absorbed from the accumulation of high levels of this compound from air and water. There is only one study with di-n-butyl phthalate (DBP) that demonstrates biosource production of this compound by filamentous fungi confirming that the fungal generation of DBP was largely through shikimic acid pathway, which was assembled by phthalic acid with butyl alcohol through esterification [44]. This study is very important because it confirmed the metabolic ability for biosynthesis of DBP. Until today, no studies have been done about other phthalates such as DEHP but it is very likely that the behavior is very similar, and the microorganisms can produce this compound through any of metabolic pathway. Therefore, this arises in the big question, is di-2-ethylhexylphthalate a natural product, rather than a pollutant? More research is needed to answer this question.
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