EFFECT OF REDUCING AGENT ON THE REMOVAL OF HALOGENATED ORGANIC BIOCIDES TRICLOSAN AND BROMOXYNIL FROM WATER

Kamenická B., Weidlich T. 

University of Pardubice, Chemical-technology faculty, Department of environmental and chemical engineering
st38856@student.upce.cz
Abstract
Halogenated organic compounds are usually biologically difficult to decompose and can enter the environment from production and application of chemical specialties. Organic halogen derivatives include Triclosan and Bromoxynil. Triclosan is an antibacterial and fungicidal agent. It ranks among chlorinated aromatic compounds containing ether and phenolic functional groups. Bromoxynil is a benzene derivative containing two bromine atoms and is used as an herbicide for deciduous trees. The aim of technological processes limiting the impacts of the use of these compounds is to remove them from water - for example, by chemical transformation into well biodegradable products. One possibility is the use of reductive dehalogenation using a suitable reducing agent. As the reducing agent, noble metals or metal alloys of electropositive metals can be applied with hydrogenation catalysts. 
Introduction
Organohalogens are widely spread around many different things that we are using in our everyday lives. Halogenated organic compounds are a relatively wide group of organic compounds containing one of the elements belonging to the group of halogens. They are usually biodegradable substances and can be incorporated into the individual environmental compartments from the production and application of chemical specialties (e.g. pesticides, pharmaceuticals, dyes and pigments). Many of them are dangerous to human health and to living organisms (e.g. polychlorinated biphenyls) and their usage and production has been eliminated or restricted with different kinds of agreements (e.g. Stockholm Convention on Persisted Organic Pollutants) to protect the environment. Chlorinated organics are among persistent organic pollutants, which have ability to bioaccumulate in the environment, are highly resistant against degradation and also enter the bodies of living organisms where it could change the DNA structure and causing cancer. Organic halogen derivatives include Triclosan and Bromoxynil1.

Problematics of halogenated organic coumpounds

Organohalogens and mainly chlorinated organics are widely spread around many different things that we are using in our everyday lives. We are encountering these substances consciously or unwittingly on almost every step. Many of them are dangerous to human health and to living organisms (e.g. polychlorinated biphenyls) and their usage and production has been eliminated or restricted with different kinds of agreements (e.g. Stockholm Convention on Persisted Organic Pollutants) to protect the environment. There should be an encouragement towards so called environmental friendly alternatives which would have preferably no harmful impacts on nature. Chlorinated organics are among persistent organic pollutants, which have ability to bioaccumulate in the environment, are highly resistant against degradation and also enter the bodies of living organisms where it could change the DNA structure and causing cancer2.
In this modern age where everything has to be as clean as possible, humans got used to put compounds with antibacterial or antiseptic properties in many different things of their daily needs such as cosmetics (shampoos, creams, etc.), clothing, household products and so on. This need of the total cleanliness and free of germs fever went to nowadays alarming situation of where the overusing of antibacterials is causing the bacteria resistance as we could see with the antibiotics prescribed for every banal disease by which people might get infected. Basically people got used to the feeling of their own security and untouchability while protected by these substances but it is too much of a good thing. This state of things calls for immediate action2.
These substances also increase the AOX parameter in water. Adsordable Organic halides (AOX) is a measure of the organic halogen load at a sampling site such as soil from a land fill, water, or sewage waste. The procedure measures chlorine, bromine, and iodine as equivalent halogens, but does not measure fluorine levels in the sample3.

Triclosan and Bromoxynil

Triclosan (5-chloro-2,4-dichlorophenoxy)phenol, TCS) is a very widely spread antibacterial agent with wide range of effect. We could find it in personal care products such as toothpastes, antibacterial soaps, shampoos and cosmetics. European Union restricted triclosan use in cosmetics since 2014 but it also can be found as an antibacterial preservative in plastics like kitchenware, toys as well in textile products like socks, beddings, sports clothing. Triclosan has been also detected in human breast milk and bodies of fish. TCS is commonly detected in the wastewater treatment plants (WWTPs) and even though its degradation efficacy is quite high, trace concentrations go to effluents and cause death of many aquatic organisms such as algae, daphnids, phytoplankton and fish. In WWTPs or by incinerating TCS contained clothing TCS could be transformed to even more toxic compounds (e.g. by photocatalysis of surface water, through biological methylation to methyltriclosan). Usage of TCS in clothing has been banned by European Union because of the concerns from bacterial resistance and generation of toxic metabolites such as 2,8‐dichlorodibenzo‐p‐dioxin 4,5,6.
Bromoxynil (3,5-dibromo-4-hydroxybenzonitrile, BRX) is an organic compound with the formula HOBr2C6H2CN. It is classified as a nitrile herbicide, and as such sold under many trade names. It is a white solid. It works by inhibiting photosynthesis. It is moderately toxic to mammals. It is an organic compound, a benzene derivative containing two bromine atoms. This substance is used as a herbicide for the disposal of annual weed species. Bromoxynil decomposes with a half-life of approximately two weeks in soil. Persistence increases in soils with elevated clay or organic matter content, suggesting the compound has somewhat limited bioavailability to microorganisms in these environments. Under aerobic conditions in soils or pure cultures, products of Bromoxynil degradation often retain the original bromine groups. The herbicide, and one of its common degradation products (3,5-dibromo-4-hydroxybenzoic acid) have been shown to undergo metabolic reductive dehalogenation by the microorganism Desulfitobacterium chlororespirans 7,8.
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Figure 1. Chemical structure of Bromoxynil (1) and Triclosan (2).

Possibilities for removal of organics specialities based on AOX from water

The goal of technological processes limiting the impacts of the production and use of these compounds is to effectively remove them from water. One of the ways to degrade halogenated biocides is their chemical conversion, for example, by dehalogenation to readily biodegradable products. One possibility for removing stable halogenated organic compounds is the hydrodechlorination. Hydrodechlorination is an effective way for detoxification of chlorinated organics under relatively mild conditions without toxic byproducts formation. Unlike chemical oxidation where the pollutants are usually degraded to (if possible) CO2 and H2O under quite harsh conditions (and toxic byproducts could be produced), this method enables to replace chlorine in the molecule by hydrogen under relatively mild conditions and generate more easily biodegradable compounds due to their lower toxicity, i.e. no halogen in the molecule. Hydrogen could be introduced to the system in many different ways, e.g. by hydrogen gas bubbled to the solution or generated in situ from hydrides, hydroxides, or hydrazine by a reaction with metals (either by Pt or Pd on carbon, by a mixture of metals as a fly ash or in the form of metallic alloys). Those methods showed good results in the degradation of various chlorinated pollutants, such as toxic polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and trichlorobenzenes bunder relatively mild conditions 1,2,9,10,11.
It was tested the hydrodechloration by activated zero valent metal, for example Fe coated with Cu, Zn coated with noble metals.23,24 Many publications deal with the use of alloys for reductive dehalogenation. As the reducing agent, metal alloys of electropositive metals can be applied with hydrogenation catalysts. For example, aluminium metal alloy dehalogenation, which has the properties of a hydrogenation catalyst (Raney nickel alloy – nickel and aluminium; Devard’s alloy – copper, aluminium and zinc), can be dehalogenated 1,2,8. 
For degradation of various halogenated compounds has been used in the past utilizing reductive dehalogenation with Al-Ni alloy in alkaline solutions. Mainly products of degradation had been obtained by replacing the halogen with hydrogen however in some cases the reduction of other groups on the molecule occurred. The dehalogenation mechanism of halogenaromatics by metal alloys is not yet completely clarified – few different views on the problematic had been reported. First view is proposing the direct reduction of organohalogen at metal surface the other describes the effect of adsorbed hydrogen activated on nickel sponge 2,12,13. The example of reductive dehalogenation of Triclosan shows the figure 2 2.
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Figure 2. Example of reductive dehalogenation of Trcislosan by Al-Ni alloy.

Catalytic hydrogenation, reduction by using metals or metal hydrides as well as reductions with some nucleophilic neutral or anionic species have been used for the transformation of an aromatic C-X bond into a C-H bond. Aryl chlorides and fluorides are markedly less reactive in comparison to the corresponding bromides and iodides and are rather resistant to chemical reduction, especially when substituted with electron-donating groups1. The Table 1 shows the various reductants for dehalogenation of different organohalogens.
Table I
Various reductants for dehalogenation of different organohalogens
	Pollutant
	Reductant
	Reference

	PCDBs, PCDFs
	Pt /C or Pd/C + H2
	9

	TCPs
	Pd/C +N2H4
	10

	2,4,6-TCP
	Zn(0), Zn/Pd, Zn/Pt
	14

	DDT and 2,4,6-TCP
	Devarda’s alloy + NaBH4
	15

	MCBs, DCBs
	Al-Ni/OH
	16

	2-CP
	Al-Ni/F-(EDTA)
	17, 18

	Chlorinated aromatics
	Fly ash + alcohol
	19, 20

	2,4,6-TBP
	Devarda’s alloy+ OH-
	9

	2,4,6-TBP
	Al-Ni/OH
	21



	In these publications (shows Table 1), the influence of the reaction temperature and time of the hydrodehalogenation reaction was also studied. The optimum reaction time was most often in the order of hours. The dehalogenation of halogenated compounds tested was more efficient with the use of elevated temperature. The scientists who were able to reduce the reaction times to several minutes or several hours, however, those experiments were conducted either at increased temperature or by using way higher substrate: metal : base ratios. Surprisingly, in case of Choi and Kim14 the reaction times are in days though the metal is in high excess against the substrate – hydrodehalogenation of 2,4,6-TCP by zinc or zinc bimetals (Zn/Pt, Zn/Pd, Zn/Ni, Zn/Cu). The results are not satisfactory, after 20 days the total degradation was achieved only with Zn/Pd. Yang et al. 17,18 reports HDC of 2-chlorophenol (2-CP) by Al-Ni alloy at ambient temperature and pressure in times around 45 – 120 minutes. Reactions most often take place in an aqueous environment, but organic solvents can also be used. In most cases, no special reactor is needed 9-21. 
For example, in the publication11, the authors attempted to compare the effect of the alloy used on the dehalogenation of the studied Triclosan. For dehalogenation of Triclosan used Al-Ni alloy, Arnd’s alloy, Devard's alloy, etc. in NaOH solutions. Their results show the Table 2. The Al-Ni alloy is the most effective in their results. They also studied the effect of the used base and the amount of most effective Al-Ni alloy on the hydrodechlorination. They appear, that optimal conditions for complete hydrodehalogenation were with using at least 0.22 g of Al-Ni alloy (i.e.  4 mmol of Al) and 0.8 g NaOH (20 mmol) 11. The most suitable use of the base was aqueous NaOH solution. This results shows Table III.
Table II
Results of dehalogenation of Triclosan with different alloys11
	Used alloy
	Content of unreacted
Triclosan / %

	Devarda’s
	100

	Al-Cu-Zn
	100

	Arnd’s
	100

	Cu-Mg
	100

	Al-Ni
	0

	Raney
	0



Table III
Results of dehalogenation of Triclosan with different amount of Al-Ni alloy and NaOH11
	Quantity of Al-Ni  [g]
	NaOH [mmol]
	[bookmark: _GoBack]Conversion to dehalogenation product 1c (Fig. 2) [%]

	1.08
	35
	100

	0.54
	35
	100

	0.54
	20
	100

	0.4
	20
	100

	0.27
	20
	100

	0.27
	35
	100

	0.22
	20
	100

	0.16
	30
	74

	0.16
	20
	51

	0.27
	30
	100




Conclusion

Organohalogens are widely produced and used as organic specialties. They are bioaccumulative, toxic and persistent substances that cannot be removed by classical processes in waste treatment plants. There are several methods for removing them from water.
 In this work the possibility of removal of these substances by hydrodehalogenation was presented. Some publications dealing with this issue have been compared. As can be seen from the articles, the reaction time, temperature, and environment in which the reaction takes place are affected by hydrodehalogenation. It follows from the article 11 that as the most suitable agent for removing Triclosan from water is an Al-Ni alloy using a suitable base (NaOH)
From the point of view of environmental protection, this process shows potential advantages in reducing the adverse impact of AOX dissolved in industrial effluents.  
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