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Abstract

On the base of sapropels the new composite well-made sorbents (SORBEX and SAPROLEN) have been created in VNIIGIM under the supervision of Prof. Kireycheva (Moscow, Russia). Creators have tested the efficiency of new sorbents at water and soil purification from heavy metals (HM) and mineral oil (MO).

Sapropels are the colloidal sediments of fresh water bodies. They are characterized with high cation-exchange capacity and content from 30 to 70 % of organic matter (OM), humus substances (HS) being one-half. HS sorbetes HM and protect their accumulation in plants. HS of sapropels don’t solute in water. HS of sapropels form more strong links in organic-mineral complexes than soil HS do. The duration of HS mineralization in sapropels much more longer then in soils. At single application to soil sapropels conserve their efficiency up to 10-12 years. During this time the HM are excluded from the biological cycle. SORBEX contents from carbonate sapropel (65%), - zeolites (25%) and sulphate aluminum (10%). SORBEX is characterized with high value of sorbated capacity equal 256 mg-equivalent per 100 g of mixture, with high specific surface up to 160 g/m2 and with pH equal 6,5-7,0.

SORBEX activity has been tested in green-houses and the domestic waste ware purification. Tests, have been performed in green-houses, showed the reduction of heavy metals in crops: Zn – by 87%, Cu – by 77%, Ni – by 50%, Pb sometimes more then by 90%, Cd – by 33%. Crop yield, planted on soil at SORBEXS application is both ecologically pure and has better quality.

At domestic waste water purification at SORBEX application the reduction of mineral oil was 14 time less compared to control. Content of heavy metals in crops have been reduced too.

An other modification of new sorbents – SAPROLEN is produced on the base of carbonate sapropel in mixture with the waste flax manufacturing. This mixture has the original sapropel HS complex. SAPROLEN has been tested in VNIIGiM at industrial waster water purification. Content of mineral oil at SAPROLEN using reduces by 50%, the additional fiber filter using reduces the oil products content in waster water by 90%. Content of testing metal such as Ni and Zn have being reduced by 90-100%.

Introduction


Man activity courses the circulation of different pollutants in biosphere, heavy metals (HM) being the respectable part among them. The main part of pollution comes to the soil cover and the surface water. HM pollution at concentration values from 0,2 to 10 t/km2 is overseen on the area of 18 mln. hectares (Agroecology,2000) including 3,2% of the arable lands. HM content in soil and water at high concentrations affects the wildlife and breaks natural regimes of metabolism and energy transport in ecosystems and can interfere with people's health.


Last years sewage water escape to the surface water bodies was not practically reduced, the share of purified water being up to 9%. The annual value of HM coming with sewage water is 70 thousands tons, 4,13 thousands tons of mineral oil coming too.

Processes of biological and chemical self-purification and restitution of natural regimes in the environment can’t provide full soil and water detoxification because of increasing pollution load. Thereby the problem of soil and water detoxification from HM with the help of artificial methods is of current interest now.

Results of investigations
Soil detoxification is complex of methods and processes to reduce or eliminate

heavy metals activity. Artificial detoxification of soils provides both healthy crop yield and conditions for soil self-purification. The most ecological one is application of different sorbents to soils. Sorbent is traditionally the mixture of natural and artificial substances, providing transformation HM from mobile to their fixed forms. Natural substances must increase organic matter content in soil and thus provide its self-purification. The best natural sorbents are the sapropels (the bottom sediments of fresh water lakes) because they content the humate type of humus with humiphication degree equal more then 50%. Lake sediments has colloid structure and organic matter content (OMC) from 30 to 70%, the half of OMC being humus substances (HS). Water environment where sapropel’s been formed governs the peculiar properties of sapropel’s structure which is differ from soil humus. All HS of sapropel comprise in to waterproof and insoluble organo mineral complexes therefore it’s impossible to extract HS from sapropel without breaking their mineral structure. Humus content in the investigated sapropels was from 10 to 30% and humiphication degree was more than 50%.


We’ve developed new sorbent SORBEX (licence N 2049107, 27.11.1995, Russia).


SORBEX – is the organo-mineral mixture, including the following ingredients: the carbonate sapropel, zeolite and aluminium sulphate, content of each substance in mixture being 65, 25 and 10% relatively. Mixture has the following properties: high value of .absorption capacity (AC – 256 mg- equ./ 100g mixture); neutral pH – 6,5…7,0); specific surface square – 160 m2/g. SORBEX is ecologicaly safe substance.


Pilot investigations of SORBEX have being carried out in green house vegetable farm belong to the agricultural academy by the name of Timiryazev. SORBEX was tested at cucumber, sweet pepper and salad cultivating (Kireycheva, Glazunova, Yashin, Nguen Suan Hay) (table 1).

SORBEX have been applied to the garden-beds at the measurements –1,5 x 6 m. The rate of application was calculated according to the pollution degree and varied from 1 to 2,5 kg/m2. Reducing of pollution content in crops has been reached in every variant of test.

Table 1. Heavy metal content in sweet pepper samples, mg/ kg (wet weight)

	Heavy metal content, mg/ kg
	Extreme

Valid

concentration

mg/kg
	Decrease compared to control values (%)

	Pollutant
	Control
	Soil+ SORBEX

2,5 kg/m2
	
	

	Zn
	29,3
	3,8
	10,0
	87

	Cu
	9,2
	2,1
	5,0
	77

	Cd
	0,003
	0,002
	0,03
	33

	Ni
	0,19
	0,12
	-
	37


Concentration reduction comparing to the control data was 7,7 times at Zn, 4,4 times at Cu, 1,6 time at Ni.

To determine the effective rate of SORBEX application the test at salad cultivation has been made, the different rate (from 0,5 to 2 kg/1m2 ) of sorbent being applied in the green house (table 2).

Table 2. Heavy metals content in crop production in different variants of SORBEX application comparatively to the control one.

	Variant
	Application rate, kg/1m2
	Concentration reduction according to control data,%

	
	
	Cu
	Zn
	Ni
	Pb
	Cd

	1
	0,5
	87,2
	62,7
	30,2
	23,0
	-25

	2
	1,0
	81,8
	58,8
	49,1
	92,3
	-20

	3
	1,5
	86,5
	77,1
	58,1
	92,3
	-5

	4
	2,0
	86,1
	71,7
	55,8
	46,2
	0



The given data allow to submit that to purificate soil in green house the rate of SORBEX application is 1-1,5 mg/1m2.


Field tests were carried out in Tverskaya region on the “Gubino” plot belong to VNIIMZ (Kireycheva, Korneeva, Nguen Suan Hay, 2001) on the dyke sandy loams during 3 years at barley, oats, tare and potato planting. SORBEX and carbonate sapropel were used as reclamation mixtures. Tests showed that SORBEX application have both restore natural balance of mineral elements and have improved agrochemical properties of soil and content of humus in it (table 3).

Table 3. SORBEX efficiency at its application to soil

	Variant
	pH
	Hg*

mg-equ./100g
	P2O5
mg/100g
	K2O

mg/100g
	CaO

mg/100g
	MgO

mg/100g
	Humus

(%)

	Soil without

SORBEX
	5,6
	2,5
	36,0
	10,5
	7,4
	2,2
	2,8

	Soil

at sorbex application 10t/h
	5,85
	2,13
	40,9
	12,8
	7,5
	1,8
	3,0


*) hydrolysis acidity


Improving of soil properties increases yield crop and makes it ecologically safe. At SORBEX application crop yield increases two times as compared to control (table 4).
Table 4. Influence of Sorbex application to the crop yield increase (mean values from 4 repeatability)

	Crop
	Control
	Sapropel

t/h
	Yield increase, % by control
	SORBEX

t/h
	Crop increase, % by control


	Barley, species ABAVA, t/h
	1,83
	2,41
	32
	2,34
	29


	Tare + oats, green mass,

t/h
	5,05
	9,82
	95
	10,14
	101


	Potato, species Lugovskoy, t/h 
	18,15
	-
	-
	2,22
	17




At SORBEX application soil is provided both with nutrition elements such as: K - by 11%; Ca – by 10% and microelements: Co – by 25%; Cu – by 6%; Zn – by 14%; Mo – by 3%. It is observed decrease of some heavy metals such as: vanadium – by 8%, Ni – by 8%, tin – by 27%, barium – by 13%, lanthanum – by 12%; rubidium – by 22%, yttrium- by 12%, zirconium – by 4%.


So field tests have shown efficiency of SORBEX and sapropel at soil application. They improve such soil properties as: fertility, crop yield productivity, activity of soil microflora, cation exchange capacity (CEC) and alkaline absorbtion capacity, self-purification, resistance to pollution, humus supply. All above mentioned increase fertility and improve quality of crop production. 


Test’s results have shown that Sorbex application is very perspective at soil detoxification. Sorbex is efficient both at obtaining ecologically save crop yield on the polluted soils and at creating special protecting layers on the territory at its pollution hazard.


Beside sorbex application to soil its availability to purify sewage water has been tested. (Kireycheva, Kuptsova, 1998). Domestic surface sewage water belong to purification plant “Tushino-2”(Moscow) has been used in the investigations. Test was made at the folowing varieties: corned Sorbex, corned sapropel, crashed zeolite. Such approach has provided not only to estimate sorbex absorb capacity but also to study out the importance of each component in Sorbex composition. The tests results are shown in table 5.

	Table 5. Influence of Sorbex, sapropel and zeolite to the chemical properties of the domestic sewage water of Moscow (Tushino-2), 1998

№
	Character
	Extreme

valid

concentration


	Initial sewage water quality
	SORBEX*
	Sapropel*
	Zeolite*

	1
	PH
	6,5-8,5
	8,1
	1,4
	7,41
	7,05

	2
	O2 bio absorption, mg/l
	3
	3,7
	2
	7,2
	2,2

	3
	Mineral oil, mg/l
	0,05
	0,69
	Up to 0,05
	0,15
	0,09

	4
	Chloride, mg/l
	300
	734
	51,4
	298
	192

	5
	Sulphate, mg/l
	100
	100
	104
	402
	43,7

	6
	Fe, mg/l
	0,1
	2,97
	0,39
	0,40
	0,52

	7
	Pb, mg/l
	0,01
	0,01
	0,032
	0,007
	0,0025

	8
	Cr, mg/l
	0,07
	0,015
	Up to 0,01
	-
	Up to 0,01

	9
	Zn, mg/l
	0,01
	0,011
	0,098
	0,089
	0,046

	10
	NI, mg/l
	0,01
	0,01
	0,0023
	0,011
	0,0057


*) mixed sample from 4 similar tests


The results of the tests allow to consider that at a complex water treating SORBEX provides more accurate purification as compared with it s separate components activity. Mineral oil content in water has reduced after filtration as following: at SORBEX- by 14 times; at zeolite – by 8 times; at sapropel – by 5 times. SORBEX can purificate sewage water from: Fe- by 72%; Pb- by 98%; Zn – by 52%; Co – by 91%; Ni – by 60%.


The investigations on new sorbents creating on the base of sapropel is developing now ( Donetskaya N.A.). Cu absorption from solutions has shown, that at high concentration(2%) all medical sorbents (SMEKTA, activite coal and other) have an equal efficiency. In dissolved solution at low concentration (0,2%0 sorbent on the base of carbon sapropel is more effective than activated coal in 2,5 times, and and close in its efficiency to medical sorbents such as SMEKTA and polyvinylpyrrolidone (PVP).(table 6).

 Table 6. Sorption capacity of natural and medical sorbents (g/g)

	Sorbents
	Solutions Cu2SO4

	
	2,0%
	0,2%

	PVP
	2,772
	1,928

	SMEKTA
	2,840
	1,241

	Activated coal
	2,876
	0,472

	Sapropel
	2,914
	1,072

	Sapropel-coal sorbent
	2,535
	1,259



On the base of carbon sapropel and pyrolysis flax shive new sorbent was developed for water purificating from mineral oil and heavy metals, named SAPROLEN. In using new sorbent at purification repetition factor equal 0,014 mg/g natural oil content in sewage industrial water decreases by 52%, additional filtration through the fibrous material providing purification by 90%. Pollutants concentration is reduced as following: reduces by 94%, Zn completely disappeared. Water filtration with Al2(SO4) adding allows to absorb up to 80% Cr.(Martynenko N.)

Conclusion

Thus, development and using of new complex sorbents allows us to prevent and sometimes to stop the chemical degradation of soil polluted with heavy metals and other toxins. This method of detoxification is close to natural processes on self-purification in natural systems. New sorbents are also effective in sewage water purification treatment for example from natural oil and heavy metals.
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