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The paper presents the results of experimentally tested parameters and conditions of sample preparation of drinking water, biological medium (blood) and food products (canned meat for children) in the chemical analysis of N-nitrosamines. High sensitivity and selectivity of the determination has been ensured due to Sepaths automatic solid-phase extraction system. The parameters and conditions of the solid-phase extraction procedure were experimentally worked out. 

Drinking water 
Nitrates in drinking water cause a genetic risk, because they might transform into secondary N-nitrosamines with a high degree of mutagenic activity under certain conditions in the body.  

When preparing drinking water samples for chromatography-mass spectrometry analysis of N-nitrosamines (N-nitrosodimethylamine NDMA, N-nitrosodiethylamine  NDEA), a modern method of solid-phase extraction (SPE) has been used, which enables to obtain in pure form the determined compounds when throwing out of the matrix, which makes it possible to identify and quantify their using chromatography-mass spectrometry method [1]. 

To optimize the preparation process of drinking water samples using SPE, the following parameters have been varied: the adsorbent content (coal, polymer base and octadecyl), the use of various solvents for N-nitrosamines elution from cartridges and testing the conditions of elution schemes. The selectivity of SPE is achieved by the selection of the cartridge with the appropriate phase ("Coconut 6 ml"). The SPE mode has been selected in such a way that the target components (N-nitrosamines) were sorbed on the cartridge, and the interfering substances passed through the cartridge and washed off with a polar solvent (methylene chloride). 

Optimal elution SPE scheme includes several stages: 
1. The conditioning involves the cartridge activation with 2 ml methylene chloride, then use of 2.5 ml ethyl acetate with a solvent delay for 30 seconds. To remove residual solvents, the cartridge has been washed using 2 ml of water;
2. The adsorption of the target components on the cartridge when loading a sample of 70 ml;
3. Cartridge drying for 20 minutes to remove any residual sample;
4. The final stage includes the elution of the target analytes from the cartridge using 4 ml of methylene chloride.

To increase the amount and selectivity of the analyte extraction from the sample, the method of distillation with superheated steam has been used. Then the resulting distillate of 25 cm3 and 70 cm3 has been passed through the Coconut 6 ml cartridge of SPE system according to the optimally worked-out elution scheme confirmed by the results of studies of   N-nitrosamines extraction from the drinking water sample using the standard solution by spike/recovery analysis. The results obtained are presented in table. 

Table Completeness of N-nitrosamines extraction from drinking water samples using a standard solution and various distillation schemes and SPE method 
	Cartridge 
	NDMA, µg/ cm3
	Completeness of 
extraction 
%
	NDEA µg/ cm3
	Completeness of 
extraction 
%

	
	Introduced
	Determined
	
	Introduced
	Determined
	

	N-nitrosamines distillation of the standard sample of drinking water using superheated steam (volume=25 cm3) 

	Coconut 6 cm3
	0.1
	0.05±0.0063
	50.0
	0.1
	0.1±0.016
	100

	N-nitrosamines distillation of the standard sample of drinking water using superheated steam (volume=70 cm3)

	Coconut 6 cm3
	0.1
	0.0985±0.05
	98.5
	0.1
	0.1±0.015
	100


The studies made it possible to recommend the distillation with superheated steam (distillate volume 70 cm3) as a means for preparation of drinking water samples and SPE method using the cartridge "Coconut 6 ml" as a way for further selective and highly sensitive determination of N-nitrosamines (N-nitrosodimethylamine and N-nitrosodiethylamine) using chromato-mass spectrometry-based method. The range of measured N-nitrosamines concentrations in drinking water samples amounted to 0.002-0.1 mg / dm3 with an error of no more than 21%.
Meat products (canned meat for children) To eliminate the influence of matrix effects on the results of chromatography-mass spectrometric determination of N-nitrosodiphenylamine, the interchange reaction (addition of monatomic alkanol under alkaline catalysis) has been used to purify food samples from interfering components and fat, which led to an increase in the completeness and selectivity of the analyte extraction from the sample. As a result of alkaline catalysis, when 10 cm3 of potassium methylate has been added to the analyzed sample of canned meat, the completeness of N-nitrosodiphenylamine extraction amounted to 99.94 % [2].   

Screening studies of canned meat samples of different manufacturers in the selective ion mode (SIM) enabled to determine the N-nitrosodiphenylamine content in the concentration range of 0.030±0.011÷3.89±0.83 mg / kg.
Biological medium (blood) The main difficulties in determining N-nitrosamines in biological medium are the high matrix effect and insufficient selectivity of sample preparation procedures. Use of an automatic SPE system enables to minimize the influence of biological medium matrix and to achieve the high completeness of N-nitrosamines extraction from the blood.

The advantages of this method are: 
-all stages of SPE sample preparation are performed selectively, and interfering components and target compounds are successfully separated from the matrix, what resulted in 
 highly efficient extraction; 
- a good reproducibility and the ability to extract a wide range of organic compounds of different classes.

In the course of study the optimal scheme of N-nitrosamines selective elution using solid-phase extraction has been worked out. 

The complex use of distillation paired with the concentration of N-nitrosamines distillate on a carbon cartridge Coconut 6 ml and the optimal elution scheme enabled to achieve a high completeness of extraction from the blood for NDMA – 98.5 %, for NDEA – 100%. 

The use of solid-phase extraction at the stage of sample preparation and chromatography-mass spectrometric analysis made it possible to detect sufficiently high N-nitrosamines concentrations in the blood of the examined children  (n=131), to establish the difference in the content of the components of the two groups of children: the observation group (n=67), under the exposition, with a high content of nitrates in drinking water [3], the comparison group (n=64), living in the territory of relative sanitary and epidemiological well-being. 

When analyzing N-nitrosamines content, the multiplicity of exceeding the concentration in the blood of children from the observation group relative to the comparison group has been revealed: N-nitrosodimethylamine 2.6 times (p=0.01), N-nitrosodimethylamine 3.9 times (p=0.05).
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