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An automated flow-batch analyzer (FBA) based on spectrophotometry was developed for the determination of nitrite 

(NO2
−) in environmental waters. The FBA consists of a homemade flow cell, light source, detector and a mini-syringe 

pump, which was controlled by self-designed software written in LabVIEW. Two LEDs and a light-to-voltage con-

verter were used as the light source and detector respectively. The chemical detection method was based on spectro-

photometry and modified Griess reaction. With the optimized conditions, the limit of detection (LOD) was 

0.018 μmol∙L-1 and the relative standard deviations (RSDs) at different concentrations (0—12 μmol∙L-1) were 

0.54%—3.63% (n=3). Measurements of different aqueous samples (n=21) showed no significant difference between 

results obtained by developed FBA and a commercial spectrophotometer.  
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Nitrite refers to the intermediate product during the 

process of nitrogenous organic compounds further oxi-

dized to nitrate in water. The high concentration of nitrite 

indicates that the inorganic process of organic matter in 

water is very strong, indicating that the risk of pollution 

still exists[1-3]. In recent years, researchers have devel-

oped many methods for the determination of nitrite in 

seawater[4], such as spectrophotometry, chemilumines-

cence, electrochemical methods, spectrofluorometry, etc. 

Spectrophotometry, which is low cost, short-time con-

suming and cause no damage to the environment[5,6], is a 

recommended method. With the continuous improve-

ment of water environmental monitoring technology, the 

flow analysis technology plays a vital role. In flow-batch 

analyzer (FBA)  systems, sampling steps and transport 

of solution are in the same way as flow analyzers, while 

mixing and reacting are done in a mixing chamber, as in 

a batch system[7]. Therefore, FBA provides a good preci-

sion and accuracy, as well as high sample throughput and 

low consumption of reagents and samples[8].  

At present, researchers at some environmental moni-

toring stations have used commercial continuous flow 

analyzer products for monitoring in estuaries and off-

shore waters, such as QuAAtro (SEAL Analytical, Ger-

many) and San++ (Skalar, Netherlands). These instru-

ments are mainly based on the segmented continuous 

flow analysis (SCFA) technology, and therefore have a 

higher degree of automation and faster analysis speed. 

However, high prices of these instruments are likely to 

increase the cost of the experiment, and these instru-

ments are vulnerable to environmental factors in the ac-

tual operation process, so they are not suitable for on-site 

testing. Recently, some researchers have developed inte-

grated analyzers based on spectrophotometry and flow 

analysis to determine different chemicals in environ-

mental water[9-11]. These analyzers used commercial 

spectrophotometers as the detector, and data processing 

relied on commercial software provided by the company. 

Therefore, the cost of experiment was higher, and the 

systems were not smart enough. In this study, the data 

processing system including data acquisition (DAQ) 

board USB-6343 and software written in LabVIEW re-

alized a high precision and a good controllability. The 

real-time absorbance values of two LEDs and other ex-

perimental data could be displayed on the graphical user 

interface (GUI). Programmable bidirectional syringe 

pump and a homemade “Z” shape flow cell as the ex-

perimental part made the developed FBA easy to con-

struct and have a good stability. At the same time, the 

setting of two LEDs lighting alternately also reduced the 

influence of dark current.  

The schematic diagram of developed FBA is presented 

in Fig.1. The core hardware of system was a program-

mable bidirectional syringe pump (Tecan, USA), which 

incorporated a gastight 2.5 mL syringe and a 6-port se-

lection valve. According to the commands received from 

the software written in LabVIEW through RS-485 inter-

face, the syringe pump switched the valve ports in turn
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and delivered the pure water, reagents and samples. The 

mixed solution in the syringe was discharged from the 

syringe into the flow cell for color reaction. A DAQ 

board USB-6343 (National Instruments, USA) was used 

to light two LEDs alternately, acquire data from TSL-251 

(TAOS, USA) and transmit data to software through data 

cable. The polytetrafluoroethylene (PTFE) tubes (Valco 

Instruments, USA) of 0.8 mm and standard 1/4−28 

flangeless PEEK fittings were used in the fluidic mani-

fold to deliver variable amounts of samples and reagents.   

 

 

Fig.1 Diagram of automated FBA 
 

Fig.2(a) shows the homemade “Z” shape flow cell, 

which has a 15-mm-long optical path length and an inner 

diameter of 1 mm, is connected to a “Y” shape fiber with 

two LEDs and sensor TSL-251. The experimental proc-

ess was controlled by modifying the parameter values 

(e.g. the time of calculating absorbance, total number of 

measurements, valve switch and speed setting for syringe 

pump, etc) in the panel. As shown in Fig.2(b), the inten-

sity data of two LEDs received by TSL-251 was plotted 

as a curve, and dual-wavelength blank signal, current 

signal, absorbance displayed in the panel.  

 

 

Fig.2 (a) Design of flow cell; (b) Light intensity curve 
and experimental data shown in LabVIEW 

 
Without specification, all chemicals used within this 

work were of analytical grade purity and purchased from 

Sinopharm Chemical Reagent (Shanghai, CN). The ex-

perimental water was ultrapure water made by Milli-Q 

Integral Water Purification System (MilliporeSigma, 

USA). Mixed chromogenic reagent was prepared by 2 g 

sulfonamide (SAM) and 0.2 g N-(1-Naphthyl) ethyl-

enediamine dihydrochloride (NED) dissolving in 450 mL 

5% (V/V) HCl (guaranteed reagent), and the volume was 

made up to 500 mL with 5% (V/V) HCl. 50 μmol∙L-1 

nitrite standard solution was used as the stock solution, 

from which working standard solutions ranging from 

0.5 μmol∙L-1 to 12 μmol∙L-1 of nitrite were prepared via 

serial dilutions. The nitrite solutions have a diazotiza-

tion-coupling reaction with mixed chromogenic reagent 

and the product is a red azo dye. Fig.3 shows the UV-Vis 

absorption spectra of azo dye produced by 8 μmol∙L-1 

nitrite and emission spectrum of two LEDs used. The 

absorbance of azo dye produced by 8 μmol·L-1 nitrite is 

max at 540 nm and nearly 0 at 730 nm. Therefore, the 

absorbance at 730 nm is used for baseline correction and 

the final absorbance is a difference value according  

A=A530 nm−A730 nm.                           (1) 

 

Fig.3 UV-Vis absorption spectrum of azo dye produced 
by 8 μmol·L -1 nitrite and emission spectra of two LEDs 

 
The effects of reagent addition, reaction kinetics and 

aspiration rate were evaluated, and the detailed descrip-

tion are shown below. The optimized experiments used 

2 mL nitrite standard solution of 8 μmol∙L-1 as the test 

sample, and all samples were measured at least 3 times. 

Effect of mixed chromogenic reagent addition was stud-

ied over the range of 0.05—0.25 mL. As seen in Fig.4(a), 

it is obvious that absorbance was higher with higher ad-

dition, and the curve was almost identical when the addi-

tion was higher than 0.2 mL. Therefore, the optimal ad-

dition of reagent was chosen as 0.20 mL. To measure 

nitrite in fresh water, the time required for complete 

chemical reaction is at least 20 min at room temperature. 

As demonstrated in Fig.4(b), the absorbance increased 

sharply when the time was between 0—600 s, and the 

curve was gradually identical when the time was higher 

than 600 s. Although waiting for complete reaction 

would yield higher sensitivity, sufficient sensitivity was 

obtained in the application at a reaction time of 600 s. In 

this study, the flow rate of aspiration influenced the de-

gree of mixing and dispersion. Fig.4(c) shows the effect 

of different aspiration rate. The absorbance was lower 

than others at the aspiration rate of 5 mL/min, and the 

curve was identical when the aspiration rate was between 

10 mL/min and 60 mL/min.  
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Under optimized experimental conditions, the descrip-

tions of analytical procedure for the determination of nitrite 

is shown in Tab.1. Steps 1—4 were cleaning procedures, in 

which steps 1—2 were cleaning tubes and flow cell with 

ultra-pure water, and repeated four times to remove the re-

sidual solution in the last experiment. Steps 3—4 were to 

clean tubes and flow cell with the sample and repeat three 

times. Steps 5—8 were to aspirate the sample and mixed 

chromogenic reagent, and then dispensed the mixed solu-

tion into the flow cell for color reaction. The absorbance of 

the mixed solution was calculated and displayed on the GUI 

when the reaction time reached 600 s. 
  

  
Fig.4 (a) Effect of mixed chromogenic reagent addition; (b) Kinetic study for 8 μmol∙L-1 NO2

- standard solution; (c) 
Effect of different aspiration rate 

 
Tab.1 The descriptions of analytical procedure for the determination of nitrite 

a: step 1, 2; b: step 3, 4; c: step 5—7 

 

As shown in Fig.5, high similarities in the method is 

demonstrated and three calibration curves have an excel-

lent linear (R2>0.999 4) in a concentration range of 

0—12 μmol∙L-1. The RSDs (n=3) of automated FBA 

were 0.54%—3.63% on three days in the range of 

0.5—12 μmol∙L-1. The LOD was calculated as three 

times the standard deviations for measurements of the 

blank (n=11) divided by the slope of the calibration 

curve, and the values of the LOD using automated FBA 

was 0.018 μmol∙L-1. Therefore, it can be concluded that 

developed method has excellent linear fit, high precision, 

low detection limit and good repeatability.  

The samples used in application study were collected 

from Jiulong River estuary and Xiamen coastal area, and 

were processed through 0.45 μm filters at collection sites 

and preserved in 250 mL polyethylene bottles at 4℃ after 

collection. All samples were determined by FBA and 

monitored by a commercial spectrophotometer V-1100D 

(Mapada, CN) at 540 nm. As shown in Fig.6, the bars 

around sampling stations in two colors represent the con-

centrations of nitrite determined by two methods. In terms 

of the specific repeatability of the study, the RSDs (n=3) 

for the determination of samples using automated FBA 

was 0.26%— 1.1%, indicating a good repeatability of the 

method. After the data using FBA do the paired-samples t 
test with the data using V-1100D, there are no statistically 

significant differences at the 95% confidence level. The 

results indicates that the developed method can replace the 

UV-Vis V-1100D in the determination of nitrite. Compared 

with the chemiluminescence, spectrofluorometry and

Step 
Syringe 

pump 

Valve 

position 

Flow rate 

(mL∙min-1) 
Operation Description 

1 In 1 30 Aspirate 1 mL water 

2 Out 6 60 Dispense 1 mL water 

Washing the syringe and flow cell with fresh 

water, repeat 4 timesa 

3 In 2 30 Aspirate 0.5 mL sample 

4 Out 6 30 Dispense 0.5 mL sample 

Washing the syringe and flow cell with fresh 

sample, repeat 3 timesb 

5 In 2 10 Aspirate 0.2 mL sample 

6 In 3 10 
Aspirate 0.2 mL mixed 

chromogenic reagent 

7 In 2 30 Aspirate 1.8 mL sample 

Aspiration of the sample and reagents, mixing 

in the syringec 

8 Out 6 30 
Dispense 2.2 mL mix-

ture 

Deliver the sample and reagents mixture to the 

flow cell, waiting for chemical reaction in the cell. 
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electrochemical method previously reported for nitrite 

detection, the results are shown in Tab.2. 

 

 

Fig.5 Three calibration curves for a series of standard 
nitrite solutions on three days using FBA 

 

Fig.6 Distributions of nitrites in the Jiulong River es-
tuary and Xiamen coastal areas 

 
Tab.2 Comparison of parameters used in different 
methods for nitrite detection 

Methods Sample 
Detection limit 

(μmol∙L-1) 

Detection range 

(μmol∙L-1) 

Refer-

ence 

Chemilumi-

nescence 
Water 0.036 0.1—100 [12] 

Spectro-

fluorometry 
Water 0.02 0—8.7 [13] 

Electro-

chemical 
Water 2.4 10—5 000 [14] 

Spectropho-

tometry 
Water 0.018 0—12 

This 

work 

 
 

 

 

 

 

 

In conclusion, an automated FBA based on LED for 

the determination of nitrite has been successfully devel-

oped. The developed FBA has a simple structure, a good 

stability and a high degree of automation by means of 

self-designed software written in LabVIEW, homemade 

flow cell and a programmable bidirectional syringe pump. 

Therefore, the developed method offers an effective al-

ternative for the applications such as laboratory analysis 

and on-site testing. 
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