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Abstract. This paper presents results of research on the use of natural materials such as zeolites (mordenite and clinoptilolite) as sorbents and as promising materials for protecting flood-prone areas after a flood. Floods transfer large amounts of inorganic and organic water pollutants, creating huge ecological problems in the lower river regions, where human settlements and agriculture are vulnerable to floods. Floods carry bacteria, viruses and parasites, as well as chemicals, along which organic substances that are especially dangerous, e.g., chlorine-containing compounds such as pesticides, solvents, and petroleum-based products. Diseases such as dysentery, hepatitis and giardiasis can be transferred to water sources used by the population that have been contaminated by floodwaters. The paper offers a method of sorption treatment, using natural Armenian zeolites. The advantages of natural zeolites in comparison with other sorbents, include their stability, low cost, availability and filtering properties.
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1. Introduction

Over many centuries, floods have caused famine and epidemics in Armenia. Summer downpours cause flooding, especially in the northeastern part of the country. Nowadays, the removal of hydrocarbons, particularly chlorine-containing compounds, from wastewater is becoming more of a problem. The concentrations of chlorine compounds like POPs and pesticides in wastewater have increased rapidly due to agricultural development, and some are human carcinogens. 
One of the best methods for wastewater treatment for organic pollutants is to use inorganic and organic adsorbents such as zeolites and other aluminosilicates.

2. Ecological problems
Pollution of the environment by chlorine-containing organic compounds occurs during the burning of fossil fuels (coal, petroleum, peat, combustible slates), from the application of fertilizers, which contain natural and synthetic organic impurities, as example, POPs and pesticides. These substances are particularly problematic in flood-prone areas, because of the large amounts transported during floods and the presence of human settlement and agriculture.
POPs and pesticides cannot be removed by conventional gravity separation technology. The application of treatment technologies to remove pesticides from the water would present a higher degree of complexity, risk and cost to the operations and potentially reduce the viability of many established operations.
3. Using of zeolites for river water treatment 

A method of sorption treatment is offered here, using natural zeolite. The increasing demand for ion-exchange materials to solve ecological problems has stimulated intensive study of natural and modified zeolites, because they are considered to be cheap (Breck, 1974). The technological stability of zeolites as sorbents is determined first of all by such characteristics as mineral and chemical composition, sorption ability and their mechanical, physical and filtering properties (Breck, 1974).
The advantages of zeolites in comparison with other sorbents (Collela, 1999) are: the large reserves in Armenia, a unique complex of technological properties – sorptional and molecular-sieving - as well as their natural origin, possibilities for their modification in various directions, regeneration and utilization (Torosyan, 2002). Natural zeolites and their combination with other systems have been proved to be effective in removing metal ions and organic impurities from water. The efficiency and mechanism of sorption - filtering parameters, length of contact liquid and solid phases ratio and other factors - have been studied. The chemical stability and mechanical strength of the natural zeolites (mordenite and clinopilolite) meet the requirements for filtering materials.
4. Technological decisions
The service provider treating floodwaters must take into account the following:

1. If the onsite wastewater treatment system has electrical components, the ability to restart the system will depend on the flood elevation. 
2. If the floodwater only covers the tanks and the components in the tanks, it is possible to restart the system without further evaluation.
3. If the floodwater covers components located on the ground surface (air pumps, panels), the system should be inspected to determine whether it is safe to restart the electrical service and use the system. 

Additionally, sorption materials can be placed on the floodplain, e.g., in ponds with mobile walls filled by adsorbents, and removed after the flood. There would be a primary treatment system and a secondary treatment where the containers filled with zeolite are established.
5. Experiments
5.1 Sorbents
Sedimentary deposits of zeolite are widespread in the Idjevan (clinopilolite) and Shirak (mordenite) regions of Armenia. The natural zeolites clinoptilolite and mordenite were dehydrated at 110oC, and prepared by the heated pile method, using 0.5 and 1 N solutions of CaCl2. Clinoptilolite modified by catamine-AB was prepared according to Torosyan (2000).
5.2 Adsorption

Adsorptive isotherms were determined for the equilibrium status of water containing chlorine compounds or pesticides in concentrations of 0.0025 to 0.070 mol/L on the zeolite sorbents. Adsorption was carried out at a temperature 27.0oС, the average temperature in the Ararat valley in spring and autumn.
To remove the pollutants, sorbents were placed in water containing varying concentrations of the chlorine compounds, and stirred for 1h and shaken for 8h. The quantity of the chlorine compounds - chlorobenzene and dichlorobenzene - on the zeolites was determined by the precipitated organic fraction in the filtered solution using UV Spectroscopy, Highly Effective Liquid Chromatography (HELCh) and Refractometry, and the quantity of pesticides removed was calculated. Table 1 and Figure 1 show the results for dichlorobenzene. 
6. Conclusion
An effective method of removing organochlorine compounds has been demonstrated using natural Armenian zeolites. The method can be applied at relatively low initial concentrations for other chlorine-containing aromatics, such as chlorobenzene and trichlorobenzene.

Table 1. The adsorption of dichlorobenzene (mg) on the zeolites (10g).

	N/N
	Zeolite 
	Adsorption mg/g
	Adsorption

%

	1.
	Mordenite-tuff
	0.12
	22.0

	2.
	Mordenite  - treated by 0,5N CaCI2
	0.19
	25.0

	3.
	Mordenite- treated by 1N CaCI2
	0.28
	40.0

	4.
	Clinoptilolite-tuff
	0.22
	30.0

	5.
	Clinoptilolite- treated by 1N CaCI2
	0.32
	45.0

	6.
	Clinoptilolite- modified by Catamine-AB
	0.50
	70.0
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Figure 1. Isotherms of dichlorobenzene adsorption. (1) Clinoptilolite- treated by 1N CaCI2, (2) Clinoptilolite-tuff, (3) Clinoptilolite- modified by Catamine-AB.
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porcnakan

				c  el		h  el		h ver		c verch		A gr/gr		m skzb  
90 ml		m sorb heto 
82 ml		%

		1		0.0001		0.1		0.0001		0.0000001		0.00084		0.000837		0.00000076		99.9088888889

		2		0.0005		1		0.001		0.0000005		0.0042		0.0042		0.000004		99.9088888889

		3		0.001		3		0.5		0.000167		0.0071		0.0084		0.001		84.8148148148

		4		0.005		5		3		0.003		0.0190		0.0419		0.023		45.3333333333

		5		0.01		14		11		0.008		0.024		0.084		0.060		28.4126984127

		6		0.05		47		32		0.03		0.2		0.42		0.26		37.9669030733

		7		0.1		-		-		-		-		-		-		-

				Ada 26

				c		a

		1		0.0000001		0.00084

		2		0.0000005		0.0042

		3		0.000167		0.0071

		4		0.003		0.019

		5		0.008		0.024

				Ada27

				c  el		C verj		h  el		h ver		m anil  skzb
 l-tum		m anilin
 l-tum vrj		A gr/fg		%

		1		0.1		-		-		-		-		-		-		-

		2		0.01		0.0077		30		23		0.0837		0.06417		0.01953		23.3

		3		0.001		0.0003		3		1		0.00837		0.00279		0.00558		66.7

		4		0.0001		0.00003		2		0.5		0.000837		0.00020925		0.00063		75

		5		0.005		0.003		1		0.6		0.04185		0.02511		0.01674		40

		6		0.0005		0.00017		0.3		0.1		0.004185		0.001395		0.00279		66.7

				Ada27

				c		a

		1		0.00003		0.0006

		2		0.00017		0.0028

		3		0.0003		0.0056

		4		0.003		0.0167

		5		0.0077		0.0195
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for Abstract

		N		xaramow 2				pndukow 3				ceolitow 1

				c		a		c		a		c		a

		1		0.00003		0.0006		0.0000001		0.00084		0.0000005		0.00470

		2		0.00017		0.0028		0.0000005		0.0042		0.000300		0.0063

		3		0.0003		0.0056		0.000167		0.0071		0.001700		0.0313

		4		0.003		0.0167		0.003		0.019		0.008200		0.0484

		5		0.0077		0.0195		0.008		0.024

				xaramow 2				pndukow 3				ceolitow 1

				lgc		lga		lgc		lga		lgc		lga

				4.5		3.2		7.0		3.1		6.3		2.3

				3.8		2.6		6.3		2.4		3.5		2.2

				3.5		2.3		3.8		2.1		2.8		1.5

				2.5		1.8		2.5		1.7		2.1		1.3

				2.1		1.7		2.1		1.6
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		N		xaramow 2				pndukow 3				ceolitow 1

				c		a		c		a		ceolitow		a

		1		0.00003		0.0006		0.0000001		0.00084		0.0000005		0.00006

		2		0.00017		0.0028		0.0000005		0.0042		0.000005		0.0003

		3		0.0003		0.0056		0.000167		0.0071		0.000133		0.0005

		4		0.003		0.0167		0.003		0.019		0.001667		0.0020

		5		0.0077		0.0195		0.008		0.024		0.006664		0.0019

		N		xaramow 2				pndukow 3				ceolitow 1				mord H+

				c		a		c		a		ceolitow		a

		1		0.00003		0.0006		0.0000001		0.00084		0.0000005		0.00470		0.0001		0.0005

		2		0.00017		0.0028		0.0000005		0.0042		0.000300		0.0063		0.0008		0.0012

		3		0.0003		0.0056		0.000167		0.0071		0.001700		0.0313		0.0026		0.0042

		4		0.003		0.0167		0.003		0.019		0.008200		0.0484		0.0155		0.01

		5		0.0077		0.0195		0.008		0.024						0.049		0.025
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