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Abstract

:

This paper aims to provide improved selectivity and sensitivity with a short analysis time of about 10 min and low residues for quantitation of nitrite and nitrate in waters by liquid chromatography. Ion-pair formation and ion exchange retention mechanisms were considered. The optimized option was in-tube solid phase microextraction (IT-SPME) by means of a silica capillary of 14 cm length and 0.32 mm id, coupled online with a capillary anion exchange analytical column (Inertsil AX 150 × 0.5 mm id, 5 µm) and the use of their native absorbance. Precision of the retention times expressed as % relative standard deviation (RSD) were <1% for both, nitrite (tR = 5.8 min) and nitrate (tR = 10.5 min). Well, river, channel, lake, sea, tap and bottled waters and several matrices of a drinking water treatment plant were analysed, and no matrix effect was observed for all of them. Inorganic anions and several organic acids were tested as possible interferences and suitable selectivity was obtained. Precision expressed as % relative standard deviation (RSD) was between 0.9 and 3%. Low detection limits of 0.9 and 9 μg/L for nitrite and nitrate were obtained, respectively, and low residue generation near 100 µL per run was also achieved.
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1. Introduction


The excessive use of products rich in nitrogen in several fields has generated an alteration of its cycle [1]. From some of them, and due to their solubility in water, nitrate and nitrite concentrations affect markedly the quality of drinking water [2] and contribute to eutrophication. When these compounds are ingested, they can generate N-nitrosamines that according to the International Agency for Research on Cancer (IARC) are probably carcinogenic in humans and were included in group 2A [3]. Current regulations on nitrate and nitrite content in drinking water are based on guidelines established by the World Health Organization (WHO) considering short-term effects such as methemoglobinemia and thyroid effects, but not long-term health effects [4].



European legislation established a maximum concentration of 50 mg/L for nitrate and 0.5 mg/L for nitrite [5] in drinking water, and in groundwater the limit value is 50 mg/L for nitrate [6], but their content in environmental waters is variable for both, nitrate and nitrite [7]. Various spectroscopic and electroanalytical techniques have been proposed for nitrate and/or nitrite determination each having its own merits and demerits [8,9]. However, conventional ion chromatography with electronic suppression of eluent conductivity and conductimetric detection is a standard method (method 4110 C) to measure nitrate and nitrite in water and wastewater chemical analysis [10], with limits of detection (LOD) around 0.1 mg/L. Ion-pair formation from adding to the mobile phase of an ion-pairing agent and using conventional reversed phase analytical columns were also proposed [11,12,13], but higher LODs than that achieved by method 4110 C are achieved.



A more recent work has proposed the determination of inorganic anions in seawater samples by ion chromatography with UV detection using a monolithic octadecylsilyl column of 150 × 4.6 mm i.d. coated with dodecylammonium cation [14] using a flow rate of 400 μL/min and a sample injection volume of 100 μL and achieving LODs of 0.9 µg/L and 1.9 µg/L for nitrite and nitrate, respectively, although both limits were estimated from signal/noise ratios (S/N = 3). Sedyohutomo et al. [15] described the utilization of triacontyl-bonded silica coated with imidazolium ions for capillary ion chromatographic determination of nitrite and nitrate in both river water and seawater. The dimensions of the column used was 100 × 0.32 mm i.d., 5 µm working at a flow rate of 4 μL/min and the injected sample volume was 2 μL. In these conditions, the LODs were 0.14 and 0.16 mg/L for nitrite and nitrate, respectively.



A portable analyser using two-dimensional ion chromatography with UV light-emitting diode-based absorbance detection for nitrate monitoring within both saline and freshwaters was proposed by Fitzhenry et al. [16]. Two columns (50 × 4 mm, 9 µm) in tandem were used, the flow rate was 700 μL/min and the injected sample volume was 195 μL. The LODs obtained in [16] were 20 and 10 µg/L for nitrate in freshwater and marine water, respectively.



The miniaturization of analytical systems in order to achieve real information from samples, in as short as possible time while taking account of environmental and economic issues, is one of the main goals in modern analytical chemistry. In this sense, miniaturized liquid chromatography (LC) contributes in this way. The main advantages perceived in using miniaturized LC are related to the reduction of column id, which comes along with a reduction in mobile phase flow rate; this promotes reductions in both the solvent consumption and waste from the analysis. Although the sample dilution ratio for capillary (Cap)-LC is lower than that achieved in conventional HPLC, as shown before from dimensions of the analytical columns and flow rates of [15] vs. [14,16], respectively, as examples, sensitivity for several applications is unsatisfactory mainly due to the low injected sample volume [15]. A method that facilitates working with higher sample volumes without losses in resolution is the online in-tube solid-phase microextraction (IT-SPME) [17,18]. IT-SPME is based typically on the use of a fused-silica capillary tube packed or coated on its inner surface with an extractive phase. When the sample is passed through the capillary, the analytes are extracted and concentrated by adsorption/absorption onto or into the internal coating of the capillary. Then, the extracted analytes are desorbed by filling the capillary with a solvent, which are transferred to the capillary LC. Clean-up, preconcentration, separation, and detection of analytes can be carried out online by coupling the IT-SPME to LC.



On the other hand, in the context of current chemistry, the requirements of sustainable and green chemistry also have to be considered. The concept “sustainable” first appeared in the 70’s, and is connected to the idea of linking economic development with the preservation of natural ecosystems [19]. Later on, green chemistry emerged from the concern about environmental contamination caused by pollution from chemical industry in 1990s. These interests were expressed by Anastas and Warner in 1998, who established a list of 12 principles as a guide for a good practice in green chemistry [20]. In this context, there is an intersection zone between the mentioned subjects, greenness and sustainability, both included into the wider concept of suitable chemistry [21]. A goal of this paper was also to contribute in this direction [22,23].



This paper demonstrates the feasibility of the online coupling of IT-SPME and ion-exchange capillary liquid chromatography (IE-CapLC) with diode array detection for the first time. The selected analytes were nitrite and nitrate considering their relevant influence in health and environmental scenarios. The paper demonstrates the achievements of this couple for improving parameters in the literature indicated in previous paragraphs such detection limits (LODs), time analysis, and applicability to a variety of water matrices with also different levels of both analytes and trueness, besides decreasing waste and without sample treatment.




2. Materials and Methods


2.1. Materials and Reagents


Ultra-pure water was obtained for a Nanopure II system (Barnstead, NH, USA). Acetonitrile (99.8%) and methanol (96%) grade LC-MS were supplied by VWR Chemicals (Randnor, PA, USA). Potassium nitrate (99%), potassium nitrite (97%), sodium sulfate (99%), potassium biphosphate (98%), citric acid (99%), and orthophosphoric acid (85%) were purchased from Panreac (Barcelona, Spain). Hexadecyltrimethylammonium hydroxide (TBA-OH, 99%), tetrabutylammonium chloride (TBA-Cl, 99%), and hexadecyltrimethylammonium bromide (HTAB, 99%), gallic acid (97.5%), benzoic acid (99.5%), chlorogenic acid (95%), salicylic acid (99%), and phthalic acid (99.5%) were obtained from Sigma-Aldrich (Darmstadt, Germany).




2.2. Equipment and Columns


A capillary LC Agilent 1260 infinity series (Agilent, Waldbronn, Germany) with an injection valve rheodyne 7725i and coupled online in in-valve mode to IT-SPME was used. For this purpose, the loop of the six-port injection valve was substituted by the extractive IT-SPME capillary [17,18]. Several IT-SPME capillaries were tested: fused silica capillary of 0.32 mm id and 15 cm length (Supelco, Bellefonte, Pennsylvania USA) and 50% Diphenyl- 50% dimethyl polysiloxane, bonded and crosslinked phase capillary: TRB 50 (Teknokroma, Barcelona, Spain) with the same dimensions and 3 µm of film thickness. A photodiode array detector (DAD, Hewlett-Packard 1040M series II) with a cell volume of 80 nL was employed. The analytical columns tested were: ZORBAX SB-C18 150 × 0.5 mm id, 5 µm (Agilent Technologies Spain), ZORBAX SB-C18 35 × 0.5 mm id, 5 µm (Agilent technologies Spain), and Inertsil AX 150 × 0.5 mm id, 5 µm (GL Sciences Tokyo, Japan). The data were acquired and processed by the Agilent HPLC ChemStation Software. Signals were recorded in the range of 210–400 nm and monitored at 220 nm.



The processed volume of standards or samples was 25 µL and all of them were loaded manually into the IT-SPME system using a 100 μL precision syringe at a flow rate of 50 µL/min. Then, the valve was changed to the injection position, so that the analytes retained in the capillary were desorbed with the mobile-phase and transferred to the analytical column for separation and detection. The chromatographic run was carried out with the valve in the injection position.




2.3. Optimization of Chromatographic Conditions


Ion pair capillary liquid chromatography (IP-CapLC) technique was studied employing the capillary reversed analytical columns and several ion pairing agents: TBH-OH, TBH-Cl or HTAB at levels 1, 5, 10 mM in the mobile phase (see Table 1) and 1 mg/L standard solution of nitrate and mixtures of nitrate and sulfate and nitrate and phosphate.



For ion-exchange capillary liquid chromatography (IE-CapLC) a column Interstil AX was employed and different compositions of acetonitrile and water at pH 3.1 reached with phosphoric acid were evaluated in the mobile phase and also ionic strength was varied by adding NaCl or KH2PO4. Three flow rates were tested (8, 10 and 12 µL/min). The figures of merit: linearity (n = 5), LODs, limits of quantitation (LOQs), selectivity and matrix effect were evaluated. Nitrite and nitrate concentrations were assayed up to 1 and 2.5 mg/L, respectively, for obtaining the linear calibration graph. Precision was estimated at LOQ (n = 3) and 0.1 (n = 4) and 1 (n = 4) mg/L for both nitrite and nitrate and the matrix effect at the latter levels of concentrations.



LODs and LOQs were obtained by injecting decreasing values of analyte concentration until obtaining signal/noise ratios of 3 and 10 times, respectively.




2.4. Analysis of Water Samples


Natural water samples that were collected in different places in the vicinity of Valencia (well, river, channel, sea and lake) and drinking waters such as tap water obtained in the municipality of Burjassot (Valencian community) and several bottled commercial waters. Samples from a potable water treatment plant provided by the municipality of Gandia (Valencian community) collected in three stages of the treatment process of diminishing nitrate concentration (input, mid-process and output) were also analysed. The samples were passed through nylon filters with a pore size of 0.22 µm and/or diluted if necessary.



A study of confirmation was carried out by using the native absorbance of nitrate measured with a CARY UV Visible spectrophotometer model G6860AAR (Agilent Technologies, Santa Clara, CA, USA) with a quartz cuvette of 1 cm path length. Nitrate analysis was performed by measuring the sample directly at a wavelength of 220 nm, the values obtained were interpolated on a calibration line up to 50 mg/L. For nitrite, the Griess technique from PDMS sensors embedding the reagents [24] was employed. A Griess sensor was placed in a vial containing 0.5 mL of the sample and 0.5 mL of citric acid (330 mM), left to stand for 8 min and the absorbance was measured at a wavelength of 540 nm, the values were interpolated on a calibration graph up to 1.5 mg/L.





3. Results and Discussion


3.1. Assessment of Chromatographic Performance


Two mechanisms were evaluated for the direct analysis of nitrite and nitrate; the first one was ionic pair chromatography with a capillary C18 column (IP-CapLC), and the second one was anion exchange capillary liquid chromatography with an anionic column (IE-CapLC). In both cases, the IT-SPME silica capillary was used. The IT-SPME capillary column was used as the loop of the injector valve (in-valve, in-tube SPME), and the analytes are extracted in the IT-SPME capillary during sample loading, and then transferred to the capillary analytical column with the mobile phase by changing the valve to the injection position. The sensitivity can be improved by flushing a sample volume higher than that of the capillary internal volume through the capillary [17,18].



To study the chromatographic conditions in the IP-CapLC method, three ion pairing agents were evaluated. TBH-OH and TBH-Cl were analysed in gradient mode (see Table 1) and HTAB in isocratic mode. The more suitable responses were obtained working with concentrations of 5 mM for TBH-OH and TBH-Cl and 1 mM for HTAB. The achieved retention times (tR) for nitrate were: 18.6, 11.2 and 4.7 min for TBH-OH, TBH-Cl and HTAB, respectively, as Figure 1 shows.



Mixtures of nitrate and sulfate and/or phosphate were assayed and overlapped peaks were obtained in all cases (Figure 1). Bearing in mind the obtained results for IP-CapLC, ion-exchange capillary liquid chromatography (IE-CapLC) was assayed. The selected column contained diethylamino group, which is a strong base (pka ≈ 10.6). Z. Kadlecová et al. [25] found that the anion-exchange retention gradually diminishes above pH 5, although it is fully charged below pH < 9. The authors indicated a possible mechanism that is deprotonation of residual silanols of uncapped sorbent, which can result in the formation of zwitter-ions and decrease in diethylamino surface charge. The mobile phases were adjusted at pH 3.1 with orthophosphoric acid. Methanol was discarded as a modifier as used in IP-CapLC because assaying a mixture 60:40 methanol:water as the mobile phase, nitrate remained in the analytical column for more than 200 min. Acetonitrile was employed instead of methanol and water/acetonitrile ratios of 70:30, 55:45, and 50:50 were evaluated in the mobile phase and also the effect of adding NaCl or KH2PO4.



As it can be seen in Table 2 the percentage of water had a great influence on the retention time of nitrate for ion-exchange. The influence of the presence of chloride in the mobile phase on tR of nitrate (36.6 min vs. 46 min without chloride) was not significant compared to the results provided by dihydrogen phosphate (tR 14 min vs. 46 min without dihydrogen phosphate). The best chromatographic conditions were achieved with mobile phases containing this last anion, which produces the elution of nitrate in short times. The selected conditions are given in Table 2, and it can be seen the retention time for nitrate was 10.5 min. Lower concentrations of dihydrogen phosphate (20 mM and 10 mM) increased tR of nitrate and they were discarded.



Two capillaries with phases with different polarity and with the same internal volume of 12 µL were tested for IT-SPME: fused silica and TRB 50. A sample clean-up step was not necessary after in-valve processing of the samples, which were directly transferred to the analytical column by switching the valve to the injection position as mentioned above. The chromatographic run was achieved in the inject mode of the IT-SPME valve. The chromatographic profile was the same for both IT-SPME capillaries, as it can be seen in Figure 2A; however, similar areas were obtained, although the processed concentrations were 0.1 and 0.5 mg/L of nitrate for silica and TRB 50 capillaries, respectively. The most polar capillary of silica provided a higher level of preconcentration than TRB 50 for a processed volume of 25 µL in accordance with the polar nature of the analytes: nitrite and nitrate. The silica capillary achieved a factor of a preconcentration of five in reference to TRB 50, considering that their internal volumes were the same.



Sulpizi et al. [26] gave a detailed understanding of the molecular behaviour of the silica−water interface, indicating that the silanols determine the surface acidity and modulate the water properties. These authors showed how the silanols’ orientation and their hydrogen bond properties are responsible for an amphoteric behavior of the surface, which can explain the results obtained here. TRB 50 is a slightly polar stationary phase containing phenyl into methylpolysiloxane, i.e., −CH3 groups with phenyl groups, −C6H5, providing π-π, dipole–dipole, and dipole-induced dipole interactions and moderate amounts of hydrogen bonding. Figure 2B shows the chromatograms obtained for mixtures of nitrite and nitrate without and with sulfate. This anion did not interfere due to it does not absorb at 220 nm.




3.2. Figures of Merit


Linearity, LODs, LOQs and precision were studied for IT-SPME-IE-CapLC-DAD. Suitable linearity was obtained for nitrite and nitrate as Table 3 shows. The obtained LOQs permit the quantification of a wide variety of environmental and drinking waters. Figure 3 shows the chromatogram obtained for the LOQs. Precision was evaluated from % RSD for LOQs and by injecting four replicates of the 0.1 and 1.0 mg/L standard solutions and satisfactory values were obtained (see Table 3). Precision of the retention times expressed as % RSD was <1%, n = 20 and 100 µL per run of wastes were generated.



Several organic acids assayed as possible interferents (Figure 4), with pKa between 2.93 and 5.4 [27,28,29,30,31], gave retention times different to those obtained by nitrite and nitrate (see Figure 2B). Retention time for nitrite (5.8 min) was between those presented by salycilic (5.3 min) and phathalic (6.0 min); this latter was the closest one but at the working pH value of the mobile phase, phathalic acid is protonated. On the other hand, its UV absorption spectra are easily distinguishable from that provided by nitrite.




3.3. Analysis of Waters


To evaluate the applicability of the developed method, several real water samples including natural and drinking water and samples from a potable water treatment collected during the nitrate removal process (inlet, mid-process, and outlet water) were analysed. Representative chromatograms obtained are given in Figure 5.



The chromatograms obtained for samples, shown in Figure 5, maintained the shape of the peaks, the resolution, and the retention times compared to the standard solutions of nitrite and nitrate (see Figure 2 and Figure 3). The inserts of Figure 5 contained the spectra obtained at the maximum of the chromatographic peak, which permit the identification of the analytes. Spiked samples provided % recoveries near to 100 ± 5% and then, the matrix effect was not present. Table 4 shows the obtained values for nitrite and nitrate in the analysed waters. A study of confirmation was carried out by analysing samples with the Griess method for nitrite and UV spectrophotometry for nitrate, and the results are also included in Table 4.



In reference to nitrite determination by the Griess method, a river water sample presented interference and its concentration could not be obtained. On the other hand, only samples containing nitrite concentrations higher than 0.03 mg/L could be quantified by the Griess method. However, the proposed IT-SPME-EI-CapLC-DAD provided results for all samples, as can be seen in Table 4.



In the case of nitrate, the proposed method provided quantitative results for all samples, which presented concentrations between 1.56 and 93 mg/L. Biased results were obtained for the sea water assayed from UV-spectrophotometry at 220 nm and this method did not permit quantifying nitrate below 9 mg/L. Table 4 shows that when the Griess and UV spectrophotometry methods could be applied, the results were statistically similar to those provided by the proposed method.





4. Conclusions


In the present work, a novel method for the quantification of nitrite and nitrate in a variety of waters with variable concentrations was proposed. The ion exchange mechanism provided better results than ion-pair formation with respect to analysis time, selectivity and trueness. The IT-SPME-IE-CapLC-DAD analytical procedure was applied for water analysis, decreasing the amount of waste generation by minimizing the amount of solvents employed, 100 µL/run instead of 10 mL/run for conventional liquid chromatography, which uses flow rates around 1 mL/min and considering a retention time for nitrate of around 10 min. A goal of this work was also to demonstrate that minimizing sample treatment by online IT-SPME by using a fused silica capillary, and miniaturizing the system can remarkably improve the greenness and sustainability of an analytical method, maintaining or even improving its figures of merit as detection limits and applicability to different water matrices with different levels of nitrite and nitrate, between 0.01–0.9 mg/L and 1.56–93 mg/L, respectively. The proposed IT-SPME-IE-CapLC-DAD approach proposed here for the first time is a good choice for the direct analysis of environmental waters. The quantitative performance of the proposed method is suitable in terms of linearity and precision, LODs, and selectivity, besides the absence of the matrix effect for both anions. The precision of the retention times is also remarkable for standards and samples.
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Figure 1. Chromatograms obtained by the IP−CapLC method for the standard solutions, using the three ion pairing agents tested: (A) TBH−OH (1 mg/L nitrate and 0.5 mg/L Nitrate + 0.5 mg/L Sulfate), (B) TBH−Cl (1 mg/L Nitrate, 0.5 mg/L Nitrate + 0.5 mg/L Phosphate and 0.25 mg/L Phosphate) and (C) HTA−Br (1 mg/L Nitrate and 0.5 mg/L Sulfate). 
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Figure 2. (A) Scheme of the IT-SPME-CapLC-DAD. (B) Influence of the nature of IT-SPME capillary: silica vs. TRB 50 for nitrate concentrations of 0.1 and 0.5 mg/L, respectively. (C) Chromatograms obtained by IE-CapLC for mixtures of standard solutions containing 0.5 mg/L of nitrite and 0.1 mg/L of nitrate and 0.5 mg/L of nitrite, 0.1 mg/L of nitrate and 0.5 mg/L of sulfate. The retention times for nitrite and nitrate are 5.8 and 10.5 min, respectively. 
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Figure 3. Limits of quantification for nitrite and nitrate (3 and 30 µg/L, respectively) by IT−SPME−IE−CapLC−DAD. 
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Figure 4. Chromatograms and spectra of organic acids: gallic (pKa = 4.2, trace A), benzoic (pKa = 4.1, trace B), chlorogenic (pKa = 3.6, trace C), salicylic (pKa = 2.9, trace D), phthalic (pKa = 5.4, trace E) and sulfate (trace F) using the optimized conditions for nitrite and nitrate determination by IT-SPME-IE-CapLC-DAD. Phthalic and salicylic acids were assayed at 1 mg/L, chlorogenic, benzoic and gallic acids at 3.5, 0.5 and 1.7 mg/L, respectively. 
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Figure 5. Chromatograms and spectra obtained at maximum of each chromatographic peak for several waters by IT−SPME−IE−CapLC−DAD. Natural water: well (trace G), river (trace F), and lake (trace E) diluted 1/40, 1/50 and 1/500, respectively, drinking water: tap (trace D) diluted 1/50 and undiluted bottled (trace C) and water treatment plant: inlet (trace A) and outlet (trace B), both diluted 1/50. The retention times for nitrite and nitrate are 5.8 and 10.5 min, respectively. 
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Table 1. Mobile phases for IP-CapLC method, flow rate 8 µL/min. Ionic pairing agent solutions at pH = 3.1 reached with HCl containing 20% of methanol (MeOH) and MeOH compositions.
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Time

(min)

	
Mobile Phase %




	
TBH-OH

	
MeOH

	
TBH-Cl

	
MeOH

	
HTAB

	
MeOH






	
0

	
100

	
0

	
100

	
0

	
50

	
50




	
2

	
50

	
50

	
80

	
20

	

	




	
4

	
40

	
60

	
40

	
60

	

	




	
8

	
30

	
70

	
30

	
70

	

	




	
10

	
20

	
80

	
20

	
80

	

	




	
12

	
100

	
0

	
100

	
0

	

	











[image: Table] 





Table 2. Optimization of mobile phase in IE-CapLC. For all mobile phases pH = 3.1; 1 130 mM concentration. * Optimal conditions. For more explanations see text.
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	Percentage %

Water-Acetonitrile
	Salt 1
	Flow Rate µL/min
	tR Nitrate (min)





	70–30
	-
	8
	75



	55–45
	-
	8
	57



	50–50
	-
	8
	46



	50–50
	NaCl
	8
	36.6



	50–50
	KH2PO4
	8
	14



	50–50
	KH2PO4
	10
	12



	* 50–50
	KH2PO4
	12
	10.5










[image: Table] 





Table 3. Analytical parameters obtained with the proposed method IT-SPME-IE-CapLC-DAD.
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Anion

	
Linearity 1  :  Y = b1x + bo

	
LOD (μg/L)

	
LOQ (μg/L); %RSD (n = 3)

	
% RSD




	
b1 ± sb1

	
b0 ± sbo

	
R2

	






	
nitrite

	
1011 ± 45

	
64 ± 6

	
0.993

	
0.9

	
3; 6

	
1.8 2; 3 3




	
nitrate

	
1669 ± 100

	
115 ± 40

	
0.996

	
9

	
30; 5

	
0.9 2; 2 3








Notes: 1 mg/L n = 5, Established at a concentration of 2 0.1 and 3 1 mg/L n = 4.
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Table 4. Nitrite and nitrate concentration in real water samples (natural water, drinking water and water treatment plant) (n = 4). For more explanations see text.
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Sample

	
Nitrite (mg/L)

	
Nitrate (mg/L)




	

	

	
Cap-ionLC

	
Griess Method 1

	
Cap-ionLC

	
UV Spectrophotometry 2






	
Natural water

	
Well

	
0.4 ± 0.1

	
-

	
54.4 ± 0.6

	
55.1 ± 0.7




	

	
0.20 ± 0.05

	
-

	
19.8 ± 0.6

	
21.5 ± 0.7




	
River

	
0.20 ± 0.05

	
Not applicable 3

	
53 ± 1

	
51 ± 1




	

	

	
0.30 ± 0.09

	
-

	
36.5 ± 0.5

	
31 ± 1




	

	

	
0.40 ± 0.09

	
0.4 ± 0.1

	
93 ± 1

	
102 ± 1




	

	

	
0.30 ± 0.09

	
-

	
40.3 ± 0.6

	
41.3 ± 0.8




	

	
Channel

	
0.30 ± 0.03

	
-

	
30.8 ± 0.4

	
30.5 ± 0.3




	

	
lake

	
0.40 ± 0.03

	
-

	
13.3 ± 0.5

	
14 ± 0.7




	

	
sea

	
0.30 ± 0.03

	
-

	
4.3 ± 0.3

	
Not applicable 3




	
Drinking water

	
tap

	
0.05 ± 0.01

	
<LOQ

	
12.9 ± 0.5

	
12.6 ± 0.4




	

	
0.09 ± 0.01

	
-

	
17.4 ± 0.9

	
17 ± 1




	

	

	
0.10 ± 0.01

	
-

	
19.5 ± 0.1

	
18.0 ± 0.2




	

	
bottled

	
0.010 ± 0.003

	
<LOD

	
2.23 ± 0.01

	
<LOD




	

	

	
0.030 ± 0.005

	
≈LOD

	
1.56 ± 0.06

	
<LOD




	

	

	
<LOD

	
-

	
2.19 ± 0.03

	
<LOD




	
Water treatment plant

	
inlet

	
0.9 ± 0.1

	
1.0 ± 0.2

	
55.8 ± 0.6

	
56.0 ± 0.7




	
half process

	
0.7 ± 0.1

	
-

	
37.9 ± 0.6

	
37.1 ± 0.4




	

	
outlet water

	
0.10 ± 0.01

	
-

	
14.7 ± 0.6

	
13 ± 1








Notes: 1 PDMS Griess sensor [24], LOD 0.01 mg/L, 2 direct UV spectrophotometry at 220 nm, LOD 3 mg/L. 3 Not applicable due to interference.
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