Obsolete Pesticides and Application of Colonizing Plant Species for Remediation of Contaminated Soil in Kazakhstan

Nurzhanova, A.1, Kalugin, S.1, Orasalina, K.2, Zholbayeva K1.
1Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan

2Institute of Ecology and Climate, Astana, Kazakhstan

In Kazakhstan more than 846 000 km2 are used in agriculture. In the Republic 223 names of pesticides (from the United States, England, Israel, Germany, Russia and China) are registered. The International organization «Pesticides Action Network International» published a list of hazardous pesticides (395 names of pesticides) in the year 2009 in Hamburg. In our country 22 names pesticides are dangerous for humans and the environment. There are pesticides from organophosphate class (dursban, sumitoin, kvikphos, nurell-D, phosphamid, uragan), organochloride (daconil, sportak, diphesan, dual, kross, oktigen, trophy, trophy-super), synthetic piretroids (buldok, kinmiks, politrin, zhepa, karate), with metal lie components (methyl bromide) and simm-trizin (gesagard, lentagran-kombi). They cause carcinogen mutagen effects or reproductive toxicity, so that these extremely hazardous pesticides should not be used in agriculture.

The international community's attention to the problem of pesticides demonstrated the need of inventory of banned and unsuitable pesticides. The inventory of obsolete pesticides remains one of the most difficult problems for Kazakhstan. Official data on the number of stocks location and quantities of buried or unburied pesticides are inconsistent. For example, the Ministry for Environmental Protection estimates the Almaty area as a burial place with more than 87 tons of pesticides, while the Ministry of Agriculture estimates the same area  about 126 tons of buried pesticides. There has been insufficient scientific study to estimate the danger to public health and the environment from these deposits. 

Kazakhstan is a very large country, so we chose to two regions to demonstrate a new process that could be applied more in future when sufficient resources from are available.  2008-2009 and 2011 we surveyed substances stored in 91 former pesticide warehouses in Almaty and Akmola areas of Kazakhstan just to show an examine to understand the obsolete pesticide problem throughout the country. The observed areas were within 250 km of Almaty (the former capital of Kazakhstan) and within 100 km of Astana (the new capitol). In Almaty area, several different classes of substances were identified. Much of the bulk chemical substances did not have readable labels and remain unidentified. The following classes of pesticides were observed: triazine herbicides (atrazine, protrazine, propazine, simazine), organophosphate insecticides (metaphos or methyl parathione), organochlorines (nitrophen and illoxan or diclofop-methyl), dinitroanaline herbicides (treflan), carbamate (temik or aldicarb), and a pesticide mixture including compounds labeled as Thiram and Hataonyag. The total amount of identified obsolete pesticides was 352.6 tonnes: forbidden or banned pesticides were 350 kg (saiphos, metaphos), 12 tonnes – hazardous pesticides (propazin, atrazin) and the quantity of unidentified mixtures of obsolete pesticides – 315.0 tonnes or 89.6% of the total obsolete pesticide stockpiles. In Akmola oblast, 100% of the 36,045 kg of obsolete pesticide stockpiles was unidentified chemical mixtures. The former warehouses 90% territories are in privately hands. Some owners cleaned their territory from obsolete pesticides and disposed it to an unknown location. People living close to the warehouse sites often use the land for pasture, kitchen gardens, and play areas for children and as a source of construction materials.  
Soil samples were collected from each pesticide storehouse site to examine migration and expansion of the pollution. The contamination of the soil was observed in excess of maximum acceptable concentrations (MAC) for the Republic of Kazakhstan called hot points. Twenty-six of the storehouse sites showed pesticide concentrations in excess of MACs. The MAC for Kazakhstan for soil is 100 μg/kg for the DDT metabolites (4,4 DDT; 4,4 DDE) and HCH isomers (β-HCH;  γ-HCH). Three analyzed compounds did not excess the MAC of the Kazakhstan:  2,4 DDD, 4,4 DDD, and α-HCH.   
Screening pesticide polluted sites will provide a base for development of an action plan to prevent or minimize ecological risk from pesticide pollution in Kazakhstan. Results of inventories and inspection of former pesticide storehouses provide an additional source for official data of obsolete pesticide stocks, and for the development and conduct of public and national programs and projects on preservation of the environment and maintenance of ecological safety. 
Kazakhstan signed and ratified the Stockholm, Rotterdam and Basel Conventions. The National coordinator is the Ministry for Environmental Protection of the RK and accomplices are Ministry of Agriculture of the Republic Kazakhstan, Ministry of Health of the of the Republic Kazakhstan, Akimats of regions, and Akimate of Almaty and Astana. So, the Ministry for Environmental Protection of the Republic Kazakhstan is started to realize the Republic program «Zhasil damu» in 2010-2014 by the support of FAO.

Tasks of the program:

– Realization of the World Bank project on stockpile destruction and, persistent organic pollutant wastes and rehabilitating contaminated territories in Kazakhstan; 

– Inventory of POP’s and obsolete pesticides;

· Selection and repacking of obsolete pesticides from the former warehouses and burials.
Now the Ministry for Environmental Protection RK wrote a letter to GEF/FAO sayingthat Kazakhstan supports the International projecs “Program on environmentally sound management of pesticides in the Central Asian countries” from 2012 -2014 to decide the next tasks: 

· The detailed inventory of obsolete pesticides and the legal and institutional needs assessment;

· Building of technical capacity to strengthen the monitoring of pesticides;
· Introduction of proven strategies for the control of obsolete pesticides and pesticide risk reduction. 
The Natural establishment of plant colonies at polluted sites is a result of forma​tion of distinct vegetative communities. Plant genotypes growing in such conditions may have some level of stability or tolerance to the pollutants. The identification of this plant popula​tions   provided potential genetic resour​ce phytoremediation technologies and determination of the physiological and biochemical basis for the ability to grow in the presence of the pollutants. 
We documented plant community structures at the hot points and identified plant species that grow in pesticide-contaminated soil near the center of the sites. The type of vegetation was characterized as early successional plant species dominated by annuals and biannuals. Many of the species would typically be considered as weeds. We evaluated selected pesticide-tolerant plant species to document the growth characteristics in pesticide-contaminated soil compared to clean soil.  We described interaction of pesticides and selected plant species to identify species that might accumulate pesticides in plant tissue and translocate them to aboveground plant tissue. Can plant species that naturally colonize abandoned storehouse sites play a role in restoration and recovery of these sites?  Plants accumulated significant concentrations of pesticide into plant tissue compared to the initial concentrations in the soil; however, the mass of pesticide uptake into the plant tissue represents a very small fraction of the total pesticide mass in the soil. Additions of fertilizer (20 g ammonium phosphate and 20 g potash chloride) appeared to increase the plant biomass production and increased the amount of pesticide accumulated in plant tissue.  
In a greenhouse experiment phytoextraction by Xanthium strumarium increased from 0.3% to 0.6 %, Artemisia annua L from 0.5% to 0.7 %, and Cucurbita pepo L. pepo from 0.4 to 0.7 %. Kochia scoparia and Amaranthus retroflexus L. showed high bioaccumulations factors but also low biomass compared to other species and thus weak phytoextraction. The species A.annua, K. scoparia, A. retroflexus, and X. strumarium decreased the pesticide concentration of rhizosphere soil 11-24% more under treatment of fertilizer compared to treatments without fertilizer. 
This information can be used for technology development of phytoremediation of pesticide contaminated soils.

