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Determination of nitropolycyclic aromatic hydrocarbons in water samples
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Introduction
Polycyclic aromatic hydrocarbons (PAHs) and nitropolycyclic aromatic hydrocarbons (NPAHs) are formed through the incomplete combustion of organic compounds such as coal and oil. They are widespread environmental contaminants in the atmosphere and water systems and some are known to show much stronger mutagenicity than PAHs.1) Due to the serious effects of these pollutants on human health and ecosystems including aquatic animals, a highly sensitive method for detection of NPAHs in water is required. In our laboratory a highly sensitive HPLC system with chemiluminescence detection has been developed for NPAHs in air.2-4) However, concentration of NPAHs in environmental water samples (river and sea water) is very low and they cannot be quantified directly. Column concentration is time consuming, and therefore, the purpose of this study is to propose a solid phase extraction method for soluble NPAHs from water samples, coupled with a liquid-liquid extraction method for particulate phase NPAHs collected on a glass fiber filter, followed by analysis by HPLC with chemiluminescence detection. The proposed method showed good linearity with good correlation coefficients ranging from 0.9954 to 0.9998 for the 5 NPAHs tested in this study, and was used to determine NPAHs in river water samples.
Materials and methods
1) NPAH standards: 2-Fluoro-7-nitrofluorene (FNF, internal standard), 9-nitroanthracene (9-NA), 1-nitropyrene (1-NP), 6-nitrochrysene (6-NC), 7-nitrobenz[a]anthracene (7-NBaA) and 6-nitrobenzo[a]pyrene (6-NBaP).
2) Sample pretreatment: 75 mL of methanol (5% v/v) was added to river water (1.5 L) collected from Asano River in Kanazawa Japan, to prevent adsorption of NPAHs onto the glass wall of apparatus. The mixture was filtered through a glass fiber filter of pore size 0.45 μm (GC-50, Advantec) to collect particulate NPAHs. FNF (10 μmol/L) was added to the filtrate, which was then passed through C18 3M Empore disk (Bioanalytical technologies) to collect soluble NPAHs. The NPAHs on the glass fiber filter were extracted using benzene:ethanol (3:1 v/v) while the C18 disk was extracted using the proposed method that involved only use of dichloromethane to ultrasonicate NPAHs from the disk without the use of further solvents or clean up steps. Both phases of NPAHs were analyzed using HPLC with chemiluminescence detection. To determine the practical applicability of the method, performance parameters like LOD, LOQ, repeatability and recovery were assessed. 
3) HPLC analysis system: HPLC/chemiluminescence with several modifications 4) was used. The system　consisted of seven HPLC columns: 2 guard columns (Spheri-5 RP-18 and Shodex Asahipak ODP-50G 6A), a clean-up column (Cosmosil 5C18-MS-II), a reducer column packed with Pt/Rh, a concentrator column (Spheri-5 RP-18) and two separator columns (Cosmosil 5C18-MS and Cosmosil 5C18-MS). It also consisted of mobile phase pumps (LC-20AD), a chemiluminescence reagent solution pump (LC-20AD), a chemiluminescence detector (CLD-10A), a system controller (CBM-20A), a chromatopac integrator (C-R4A), a degasser (DGU-14A), an auto sample injector (SIL-20AC), and two column ovens (both CTO-20AC).
Results and discussion

The C18 disk collected NPAHs at trace levels. Recoveries for soluble NPAHs ranged between 71% (7-NBaA) and 89% (9-NA) with a relative standard deviation (RSD) of between 2.3% and 5.9%. The repeatability (expressed as RSD) for soluble NPAHs was between 4.2% (9-NA) and 6.8% (6-NBaP). For particulate NPAHs, recoveries of NPAHs ranged between 70% (7-NBaA) and 81% (6-NBaP), with RSD of between 2.6% and 7.9%. Repeatability was between 2.2 % (1-NP) and 2.5% (9-NA, 7-NBaA). Calibration curves for each NPAH were calculated and the correlation coefficient (r2) ranged between 0.9954 (6-NC) and 0.9998 (1-NP, 7-NBaA). Limits of detection (LOD) giving a signal-to-noise ratio of 3 ranged from 6.5 pmol/L (9-NA) to 0.15 nmol/L (6-NC). These LODs are lower than those reported when using solid-phase microextraction or polarographic methods.
The extraction time for soluble NPAHs was reduced from 1h 20 min in the old method to 40 min in the proposed method. Use of fewer solvents in the proposed method (only dichloromethane, compared to dichloromethane, hexane and acetone) reduces the amount of waste produced. The amount of water used in our experiment was 1.5 L and several NPAHs could be detected at trace levels. The low volume of water sample means that filtration time of sample is reduced, and this method can therefore be useful in expeditions where many samples of water need to be filtered and/or extracted quickly. The method was used to determine NPAHs found in real river water (Fig 1). 6-NC was detected but could not be quantified due to its low sensitivity and low concentration in river water. It could be quantified by increasing water volume, suggesting that more NPAHs can be quantified by increasing the water volume. 
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Fig. 1 River water sample (1.5 L) collected from Asano River in Kanazawa, Japan. (a) FNF (1) 9-NA, 2.16 (2) 1-NP, 0.2 (3) 6-NC, below LOQ (4) 7-NBaA, 0.08 (5) 6-NBaP, 0.17 nmol/L
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