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a b s t r a c t 

Optical nitrate-nitrogen (NO3 –N) sensors are used in environmental monitoring for the real-time 

detection of dissolved inorganic nitrate and are readily available and increasingly affordable for 

use by non-experts and may eventually replace the need for expensive laboratory analysis. Many 

different manufacturers have developed their own instruments for use as permanent in situ sen- 

sors in groundwater bores, or as portable ex situ units. The advantage of these NO3 –N sensors 

is that they can be deployed to complement traditional discrete sampling programmes and sig- 

nificantly improve temporal data resolution and provide high resolution data that captures the 

rate that NO3 –N may naturally vary in the environment. However, the potential over dependence 

on technology i.e. a plug and play approach without careful development of quality assurance 

protocols can easily lead to poor data outcomes. Thus, the effective use of an optical NO3 –N sen- 

sor, especially in community-led science, requires specific sensor protocols for its effective use, 

including: 

• A regimen of cross checks relative to known standards and/or independently verified labora- 

tory results; 

• the collection of metadata to contextualise the results; and, 

• the need for Quality Assurance and Quality Control (QAQC) protocols to provide confidence 

in the data. 
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Background 

The development of optical nitrate -nitrogen (NO3 –N) sensors for permanent in situ deployment in groundwater bores as well as ex

situ portable units has led to several different manufacturers applying the technology to relatively inexpensive stand-alone instruments, 

which significantly improve the resolution of NO3 –N data collection. NO3 –N sensors can be deployed to complement traditional 

discrete sampling programmes and allow users to observe high resolution sampling at frequencies in which NO3 –N may actually 

vary in the environment [ 1 ]; albeit at potentially lower precision than traditional analytical methods in low NO3 –N environments.

Optical NO3 –N sensors have been used in riverine [ 2 , 3 ], estuarine (e.g., [ 4 , 5 ]) marine [ 6 , 7 ] and groundwater environs [ 2 , 8 , 9 ] with

NO3 –N concentrations between 0.002 mg/L and 50 mg/L [ 2 , 10 ]. The burgeoning use of NO3 –N sensors is now such that it is a readily

available technique for environmental monitoring within regulatory organisations but is also being used as a technological widget 

by community groups, land managers, and consultancies [ 11–13 ]. 

However, the dependence on technology to the point of abdication i.e. a plug and play approach [ 14 , 15 ] and an absence of critical

thinking and/or understanding of the results or how they generated is a “clear prescription for disaster ” [ 16 ]. Hence the importance of

understanding how data are collected and contextualizing results accordingly, is vital to the success and credibility of any monitoring

programme [ 17 , 18 ]. As NO3 –N sensors become the de facto method for observing NO3 –N in the freshwater environmental monitoring

space, it is essential that appropriate and cost-effective water quality monitoring protocols are readily available to non-expert users 

and the data are supported by robust Quality Assurance and Quality Control (QAQC) procedures. Thus, the objective of this paper

is to describe the protocols for the effective use of a low-cost optical NO3 –N sensor to inform community-led science, specifically

focussed on strategies for monitoring groundwater quality. 

Method details 

Ultraviolet spectrophotometrically measures NO3 –N content and temperature by measuring the absorption spectra in Ultraviolet 

(UV) light between 200 and 350 nm [ 2 , 19 ]. UV light is emitted and passes through a measurement cell containing the water sample,

after which the intensity, over the whole wavelength range, is measured by a detector and a concentration calculated via a metric

calculation from the absorption of the wavelengths (i.e. 220 nm and 270 nm to determine the NO3 –N concentration ( Fig. 1 a) [ 6 ].

The 270 nm waveband is also recorded as a reference to measure the potential effects of contaminants such as chlorine, nitrite, iron

(III), and organic matter, that also absorbs UV light and may impede the absorption on the 220 nm waveband [ 19 , 20 ]. The reported

outputs are NO3 –N concentration, as well as a dimensionless absorbance unit for the 220 nm and 270 nm readings that can be used

for QAQC protocols. 

In 2020 MHV (farmer owned irrigation co-operative operating on the Hekeao Hinds Plains of Mid Canterbury New Zealand)

purchased a refurbished Hydrometrics GW50 optical NO3 –N probe and converted it to a portable ex situ device to reduce water

quality monitoring survey time and costs; later in 2022, MHV purchased an additional in situ probe and deployed it into a shallow
Fig. 1. a) Schematic of an optical NO3 –N Probe [ 21 ], b) the GW50 NO3 –N optical probe [ 22 ]. 
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Fig. 2. Schematic in situ installation [ 22 ]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

bore to measure NO3 –N, in real time; hence this paper presents the protocols developed for using both in situ and ex situ optical

NO3 –N probes, especially in community-led monitoring programs. 

The GW50 NO3 –N optical probe is a 455 mm long stainless-steel tube with a diameter of 42 mm and an 8 mm measurement cell

( Fig. 1 b) and uses the 220 nm and 270 nm wave bands as described above. It can be installed in situ within a bore or used as an ex

situ device. 

The default analysis configuration is three consecutive readings reporting an arithmetic average, once an hour; however, users 

can specify higher (or lower) frequency sampling rates. To avoid interference with pumping in production wells the instruments

should be installed in dedicated observation wells ≥ 100 mm diameter where there is a reliable range in water levels. Prior to data

monitoring, considerations such as bore construction and well head security, geological logs, seasonal groundwater level fluctuations 

(from soundings) and hydraulic transmissivity (where data were available) should be evaluated to assess the suitability (and potential

variability) of the monitoring well especially its vulnerability to drying up, which may damage the sensor. The sensors are also

deployed within the screened interval of the bore ( Fig. 2 ) to ensure regular water exchange and reduced risk of NO3 –N stratification,

which may affect readings [ 2 ]. Prior to deployment testing for dissolved organic carbon and turbidity levels are measured, because

these variables in excess may interfere with the sensor and adversely affect the suitability of the monitoring site. Near-continuous

monitoring of NO3 –N-nitrogen using these deployment criteria have been initiated in the case study area of the Hekeao Hinds Plains

to assess NO3 –N responses in different physiographic units. 

The other use of the NO3 –N probes was as an ex situ measurement of discrete grab samples, in lieu of laboratory analysis. MHV

converted a refurbished GW50 to a portable sampling platform via a USB to 0–5 V Serial FTDI interface module and a 12 V battery

with a wooden crate acting as a stand, which enabled infield near real-time analysis. To avoid spurious results from particulate

contaminants, samples were filtered through a single use 0.45 μm filter attached to a syringe and stored in a clean polyethylene

sample bottle. If the sample was not immediately tested, it was refrigerated and analysed within 24 h. The NO3 –N concentration was

measured 5 times and the arithmetic mean recorded. If the reported measurements were greater than ± 0.5 ppm of each other the

sample was discarded, the probe cleaned, and the water sample re-analysed. The ± 0.5 ppm tolerance corresponds to the reported

instrument precision ( ± 0.3 ppm or ± 5 %) and was confirmed by repeated replicate measurements of water samples of a known

concentration (as determined by laboratory analysis). Precision may vary between different sensors and manufacturers (e.g. the 

TriOS optical nitrate sensors report ± 0.1 ppm or ± 5 %) [ 23 ]. 

Quality Assurance and Quality Control (QAQC) protocols were developed for the NO3 –N sensor probe and included the collection 

of sample meta-data (See: Supplementary material) and independent laboratory testing of samples. The QAQC protocol is considered 

de rigour in a laboratory setting, but is often underestimated, forgotten or overlooked as a means of managing and quantifying

uncertainty in an environmental sampling context; subsequently without it, potential sources of error(s) (such as cross contamination, 

faulty field equipment and/or handling errors) cannot be identified or quantified and thus the results cannot be validated [ 24–26 ].

Such uncertainties can be particularly problematic in the context of community-led monitoring initiatives where little (or no) training

of best practice is available beyond the manufacturer’s documentation [ 27 , 28 ]. 
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Fig. 3. Process flow diagram for water sampling for an in situ probe. 

Fig. 4. Process flow diagram for water sampling for an ex situ probe. 

 

 

 

 

Quality assurance 

Samples were collected in accordance with the locally relevant sampling protocols (i.e., the New Zealand National Environmen- 

tal Monitoring Standards, NEMS [ 24 , 29 ]. For community groups to develop an effective quality assurance protocol, the following

methodology was developed and implemented to maintain data integrity [ 30 , 31 ]: 

1. Identify what you are trying to measure and why is it important (NO3 –N for environmental data monitoring to ensure good

farmland/ water management). Train the people undertaking the sampling not only how to do the sampling but also why they are

doing it in a particular way, so they understand and have ‘buy in’ for the need for good quality data; 

2. Understand the ability & capacities of the people collecting the data (non-experts in a community); 

3. Develop simple standard operating procedures (SOPs) that can be followed and applied to a variety of situations ( Fig. 3 and Fig.

4 ). These SOPs should also specify stage gates and metadata such as: 
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Table 1 

Different types of quality control samples. 

Type Description Use Implementation 

Singles A single sample sent to the laboratory Used as a cross check with the in-house device 

to ascertain the accuracy of the field 

measurement. 

Standard sample collection for the 

monitoring programme 

Blanks A sample with an expected value of 

zero (e.g. de-ionised water) 

If the results are significantly greater than 

zero (e.g. twice the detection limit) this may 

indicate that the probe is reading inaccurately. 

Distilled water blank measured at the 

beginning and end of each field day 

Duplicates A duplicate of a sample that was 

collected in the field (i.e. 2 samples 

from the sample place at the same 

time) and submitted to a laboratory. 

The results should be within < 10 % of each 

other. If not, it suggests cross contamination 

either in the field or at the laboratory. If the 

‘blank’ value is acceptable, then it would 

suggest that contamination occurred in the 

field, and vice versa. 

Additionally, it quantifies precision or 

repeatability of the laboratory results 

Sample collection method 

implemented when samples return 

irregular or noisy results. 

Implemented on subsequent field 

collection trips. 

Certified reference materials 

(CRM’s)/ Standards 

A sample with a known quantity of 

the solute being reported within an 

accepted tolerance. 

Quantifies precision and accuracy of the 

results. 

Often expensive to buy with a limited (i.e. it 

will be unsuitable to use after 3 months) 

Standard sample collection for the monitoring 

programme 

Not regularly used due to 

practicalities of community-led field 

monitoring programmes. 

Table 2 

Example of a quality control sampling programme. 

Monitoring programme Frequency Acceptable Variance Samples to Lab Duplicate samples to lab Blanks Standards 

Drinking Water weekly < ± 5 % 1:5 1:20 1:5 1:5 

Ecological Monitoring Monthly < ± 10 % 1:10 1:40 1:0 1:10 

Groundwater Monitoring Quarterly < ± 20 % 1:15 1:60 1:15 1:15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. an ABS 270 ≥ 0.05 is an indication that the sensor may be optically compromised an requires cleaning as per the manufacturers

guidelines – see Limitations; 

b. temporal metadata such as recent rainfall and local site conditions at the time of sampling – see Table 3 - Supplementary

material; 

c. if the variance between the instrument readings and the Quality Control (QC) samples submitted to a commercial laboratory

are constantly > 10 %, then the instrument should be checked and re-verified (see Quality Control); as well as, 

d. annual equipment maintenance and verification schedules. 

4. The inclusion of additional water quality parameters such as pH, requires additional instrumentation. Details about the type and

applicability of these metrics are presented in Table 4 - Supplementary material. 

SOPs should also specify routine equipment maintenance and calibration schedules as well as QC measures and can be audited

and regularly reviewed. 

Quality control 

Quality control (QC) is essential for identifying potential issues such as instrumentation error, cross contamination, and valida- 

tion with independent laboratory reporting [ 30 ]. This entailed two work streams: (i) a known standard (e.g., blanks) was tested to

determine if the instrument was reading accurately; and (ii) a specified number of independent samples (i.e. based on a ratio) were

sent to a commercial laboratory and compared to the data obtained from the NO3 –N sensor. Table 1 presents the different types of

QC samples were developed for the monitoring programme. 

An example of the QC protocol is presented in Table 2 for sampling frequency and used as the underlying principles for the reported

work on NO3 –N-nitrogen in groundwater (e.g., [ 32 ]). Initially the monitoring programme used singles, duplicates and blanks on a

1:5 ratio to establish a base line of confidence between the GW50 NO3 –N-nitrogen sensor and the commercial laboratory results, as

well as to monitor for potential sampling errors. Once established, the monitoring used only singles on a 1:10 ratio to reduce on-

going laboratory costs. Exceptions occurred when discrete samples measured on the GW50 sensor fell outside of the 10 % confidence

intervals of laboratory validated samples. When an ex situ water sample exceeded these tolerances, the GW50 data were recorded as

not meeting the QAQC requirements and discarded from the dataset; and new samples were collected. 

Method validation 

By implementing cross checks as part of a QAQC protocol, confidence in the data collected can be assured ( Fig. 5 ), which illustrates

a good relationship between the optical NO3 –N data and commercial laboratory data. There are small analytical differences between 
5
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Fig. 5. Comparison of GW50 optical NO3 –N results and Hill Laboratory Azo dye colorimetry results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the optical UV sensor technique, and the Automated Azo dye colorimetry method used in commercial laboratories, with a flow

injection analyser [ 33 ]. The laboratory methods had a detection limit of 0.001 ppm and a reported confidence level based on the

95th percentile between a minimum of 2 samples. The validation curve was generated from 400 samples collected between August

2023 and January 2025 and shows a method comparability uncertainty ∼ 3 %. 

Limitations 

NO3 –N optical sensors require maintenance and servicing to ensure they are working correctly and producing reliable results. 

A maintenance regime specifying regular cleaning, as well as annual calibration verification, must be incorporated into a Quality

Assurance SOP (e.g., sensor maintenance, calibration/validation history) as outlined in Quality Assurance [ 34 ]. 

UV spectrometry is susceptible to optical impediments such as dissolved organic matter, biofilm growth and/or suspended material 

on the sensor which will affect the results. Under normal conditions (i.e. in a bore or a stream sample) an indication that the sensor

may be optically compromised and require cleaning is an elevated ABS270 value of > 0.05. Cleaning is achieved using a 70 % solution

of ethanol or Isopropyl Alcohol (IPA) and fresh ( < 12 months old) de-ionised or distilled water following the manufacturers guidelines.

It should be noted, however, that at very high concentrations of NO3 –N (i.e., > 300 ppm) there is greater absorption at longer

wavelengths ( > 250 nm). Such concentrations are unlikely in natural freshwater systems, but have been reported in contaminated

areas or immediately adjacent to open crop field run off [ 35 ]. In these specific instances an ABS270 value of > 0.05 may not indicate

that the instrument needs cleaning. 

Example 1: regular cleaning of bores 

In January 2022, a GW50 was installed into an existing abandoned shallow bore ( < 10 m) near Lowcliffe in Canterbury [ 32 ]. As

part of the installation process, the bore was pumped continuously for approximately 4 h before installing the GW50. Unfortunately,

this process caused the friable material on the inner bore casing to foul the water making NO3 –N readings erratic for several months.

In April 2022, the probe was removed, cleaned and re-installed resulting in an initial improvement in the data; however, by early

2023, the results were again reporting markedly different results from the QC grab samples, necessitating it being cleaned again. A

review of the NO3 –N results from the in situ probe compared to its corresponding QC samples, as well as the ABS270 values ( Fig. 6 ),

showed that regular cleaning of the measurement cell on a quarterly basis has improved the reliability of the results. This workflow is

now incorporated into the QA Standard Operating Procedures (SOPs) and is indicative of the requirement for regular, and consistent

maintenance of in situ NO3 –N probes. 

Example 2: annual calibration 

As part of the QAQC protocols approximately 15 % of samples ( n = 233) were cross checked with an independent commercial

laboratory. The validation data ranged from 0.6 to 23 ppm NO3 –N, was normally distributed with a mean concentration of 8.6 ppm,

and a standard deviation of 4.6. The results from the GW50 were compared to the laboratory QC samples via a scatter plot and tested

using least squares regression in SPSS. The NO3 –N regression equation was GW50 = 0.8909 Lab – 0.1628, with a 95 % confidence
6
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Fig. 6. Realtime NO3 –N data compared to corresponding ABS270 and QC Samples, note the disparity between the probe and QC samples when the 

ABS > 0.05 nm. 

Fig. 7. Scatter plot of GW50 data and corresponding Laboratory results (blue) and the regression correction (orange). 

 

 

 

 

 

 

 

 

 

 

 

interval of the slope (beta) of ± 0.11, adjusted coefficient of determination r2 = 0.968, and p = 0.000. As the local accredited laboratory

(Hill Laboratories New Zealand) analyses for NO3 –N via Automated Azo dye colorimetry, with a flow injection analyser [ 36 ], it was

expected that there would be some degree of variation between the laboratory and GW50 field results ( Fig. 7 in blue), due to subtle

differences in the analytical methods and biases. The difference between the optical probe data and the laboratory results showed a

consistent bias towards the lab results of ∼12 %, regardless of the NO3 –N concentration for a period of 24 months and was interpreted

as a systematic difference in how NO3 –N is detected between optical and laboratory methods. To compensate for this offset all optical

concentrations of NO3 –N collected using the GW50 were adjusted by a multiplication factor of 1.1091 and + 0.185 so that the data

plotted on a slope of 1:1 and intersected the origin ( Fig. 7 in orange). 

Whilst there are a variety of statistical methods that could be employed to reconcile the differences between the analytical

techniques, the use of regression equations is generally considered acceptable [ 37 , 38 ], and easily available without the need for

dedicated statistical programs. As the coefficient of determination was high (i.e. > 0.95), a regression correction was applied to the

GW50 data population to standardise the results to be compatible with a laboratory value ( Fig. 7 ). Where values were appreciably
7
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different to the laboratory values (i.e. > 10 % or more than two standard deviations), the data were rejected from the environmental

reporting dataset; and further investigation of the metadata interrogated to identify what may be the cause of the discrepancy. 

After two years of use, the portable GW50 was returned to the manufacturer for a preventative maintenance check and calibration

verification. It was found that the cause of the difference in results ( Fig. 7 ) was not due to differences in analytical methods between

the GW50 and the laboratory (as assumed by the data team), but rather the optical sensor was slightly out of alignment (possibly to

being knocked during field use) thus producing a constant but biased result. Subsequently, the instrument’s calibration is validated

annually by the manufacturer as part of the QA programme. Thus, an additional limitation to the use of ex situ GW50 probes is that

rough handling may result in internal damage that may affect results as shown in Fig. 7 . 

Example 3: iron-oxidizing bacterium aka irrigation plaque 

Gallionella ferruginea is a bean-shaped iron-oxidizing bacterium (FeOB) bacterium that thrives in iron-bearing waters and that 

acts as a catalyst of iron cycling in wetland environments, but is often confused for ‘rust’ as the cells are usually mixed with iron

precipitates [ 39 , 40 ]. Gallionella spp . live in low-oxygen conditions and are associated with redox boundaries and require opposing

gradients of oxygen and iron (Fe2 + ) to grow [ 41 ]. Subsequently Gallionella spp . are found in environments with reduced iron, and

sufficient amounts of carbon, phosphorus and nitrogen [ 42 ]. When present the bacterium forms a hydrated gelatinous slime ( > 90 %

water) that varies from yellow to red to in colour, and is colloquially referred to as Iron ochre [ 43 ] or Irrigation Plaque [ 44 ], and its

presence interferes with irrigation systems and optical NO3 –N probes. There are no sustainable long term methods for mitigating

against iron-oxidizing bacterium other than amending the oxidation state, or the removal of iron source material [ 43 ]. 

On the Hekeao Hinds Plains, Gallionella ferruginea has been observed on three occasions since 2020 in both new and existing

bores spudded into shallow, well drained, silty loams. The presence of Gallionella ferruginea in the bores resulting in damage to an in

situ GW50 being inoperable due to poor water quality, and in another instance the bacterium likely contributed the corrosion of the

optical sensor necessitating extensive repairs. From our limited observations in the Hekeao Hinds case study, Gallionella ferruginea 

dissipated after significant rainfall and corresponding changes in groundwater levels, and/or once the bore casing had been in situ

for more than a year and developed a patina of rust and/or bio film. There is currently no work around to the use of GW50 probes

in these conditions. 

Declaration of competing interest 

The authors declare the following financial interests/personal relationships which may be considered as potential competing 

interests: 

Justin Legg reports financial support was provided by MHV. All other authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence the work reported in this paper. 

Data availability 

Data will be made available on request. 

Ethics statements 

N/A 

Credit author statement 

Legg, J: Conceptualization: (100 %). Methodology: (100 %). Formal Analysis: (100 %). Investigation: (100 %). Fieldwork: (100 %). 

Writing – original draft: (100 %). Writing – review and editing: (70 %). Visualization: (100 %). Mager, S: Writing – review and editing:

(15 %). Supervision: (50 %). Horton, S: Writing – review and editing: (15 %). Supervision: (50 %). 

Acknowledgments 

Te R ū nanga o Arowhenua is acknowledged and recognized as the Iwi (traditional owners) who hold mana whenua kaitiakitanga

over the Hekeao Hinds Plains. This study was made possible with the support of MHV shareholders and the Hekeao Hinds community

of mid Canterbury New Zealand. Special thanks to Dr Blair Millar and Dr Ethan Dale for their insights and comments. 

Supplementary materials 

Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.mex.2025.103286 . 
8

https://doi.org/10.1016/j.jhydrol.2025.133123


J. Legg, S.M. Mager and S.L. Horton MethodsX 14 (2025) 103286

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References 

[1] M.D.E.E. Alahi, S.C. Mukhopadhyay, Detection methods of nitrate in water: a review, Sens. Actuat. A 280 (2018) 210–221, doi: 10.1016/j.sna.2018.07.026 . 

[2] L. Burbery, P. Abraham, D. Wood, S. de Lima, Applications of a UV optical nitrate sensor in a surface water/groundwater quality field study, Environ. Monit.

Assess. 193 (2021) 303, doi: 10.1007/s10661-021-09084-0 . 

[3] B.A. Pellerin, J.F. Saraceno, J.B. Shanley, S.D. Sebestyen, G.R. Aiken, W.M. Wollheim, B.A. Bergamaschi, Taking the pulse of snowmelt: in situ sensors reveal

seasonal, event and diurnal patterns of nitrate and dissolved organic matter variability in an upland forest stream, Biogeochemistry 108 (2012) 183–198,

doi: 10.1007/s10533-011-9589-8 . 

[4] S. O’Boyle, P. Trickett, A. Partington, C. Murray, Field testing of an optical in situ nitrate sensor in three Irish estuaries, Biol. Environ 114B (2014) 53–59,

doi: 10.3318/BIOE.2014.02 . 

[5] J.M. Raabe, G. Kurtay, A. Fontenot, S. Greene, A.J. Martignette, E.C. Milbrandt, B.J. Roberts, B.A. Stauffer, Operation and integration of a commercially available

nitrate sensor in Gulf of Mexico estuarine monitoring programs, Environ. Technol. Innov. 35 (2024) 103676, doi: 10.1016/j.eti.2024.103676 . 

[6] A. Ayd ı n, Ch 11. Nitrites and nitrates, in: L.M.L. Nollet, L.S.P. De Gelder (Eds.), Handbook of Water Analysis, CRC Press, United Kingdom, 2014, pp. 283–325,

doi: 10.1201/b15314-15 . 

[7] O. Zielinski, D. Voß, B. Saworski, B. Fiedler, A. Körtzinger, Computation of nitrate concentrations in turbid coastal waters using an in situ ultraviolet spectropho-

tometer, J. Sea Res. 65 (2011) 456–460, doi: 10.1016/j.seares.2011.04.002 . 

[8] G. MacDonald, J. Levison, B. Parker, On methods for In-well nitrate monitoring using optical sensors, Groundwater Monitor. Remed. 37 (2017) 60–70,

doi: 10.1111/gwmr.12248 . 

[9] B. Wilkins, T. Johns, S. Mager, Nitrate-nitrogen dynamics in response to forestry harvesting and climate variability: four years of UV nitrate sensor data in a

shallow, gravel aquifer, EGUsphere 2024 (2024) 1–27, doi: 10.5194/egusphere-2024-964 . 

[10] Y.C. Moo, M.Z. Matjafri, H.S. Lim, C.H. Tan, New development of optical fibre sensor for determination of nitrate and nitrite in water, Optik 127 (2016)

1312–1319, doi: 10.1016/j.ijleo.2015.09.072 . 

[11] D. Dickey, Measuring Real-Time Nitrate Loss from Cropping Leachate [WWW Document], Our Land and Water Toit ū te Whenua, Toiora te Wai, 2022 URL

https://ourlandandwater.nz/news/measuring-real-time-nitrate-loss-from-cropping-leachate/ (accessed 2.20.24) . 

[12] N. Hudson, E. Baddock, Review of High Frequency Water Quality Data - Advice regarding collection, Management and Use of Nitrate-Nitrogen Data (No.

2019135HN), National Institute of Water & Atmospheric Research (NIWA, Hamilton, New Zealand, 2019 . 

[13] J. Legg, Ground & Surface Water Sampling 2023 Annual Report, MHV Water Ltd, Ashburton, New Zealand, 2024 . 

[14] A. Belz, Plug-and-play State of mind [WWW Document], E-Commerce Times, 2010 URL https://www.ecommercetimes.com/story/plug-and-play-state-of-mind- 

70623.html (accessed 12.31.24) . 

[15] A. Shaji George, T. Baskar, P. Balaji Srikaanth, The erosion of cognitive skills in the technological age: how reliance on technology impacts critical thinking,

problem-solving, and creativity, Partners Univ. Innov. Res. Pub. 2 (2024) 147–163, doi: 10.5281/zenodo.11671150 . 

[16] C. Sagan, The Demon-Haunted world : Science As a Candle in the Dark, 1st ed., Random House, New York, 1995 . 

[17] D. Chiponde, B. Gledson, D. Greenwood, An integrated approach to learning from project-related failures, in: Proceedings of the 36th Annual ARCOM Conference.

Presented at the 36th Annual ARCOM Conference, 7-8 September 2020, Glasgow, United Kingdom, Association of Researchers in Construction Management,

2020, pp. 196–204 . 

[18] R.M. Davison, From ignorance to familiarity: contextual knowledge and the field researcher, Inf. Syst. J. 31 (2021) 1–6, doi: 10.1111/isj.12308 . 

[19] J. Haas, A. Retter, L. Kornfeind, C. Wagner, C. Griebler, S. Birk, High-resolution monitoring of groundwater quality in unconsolidated aquifers using UV-vis

spectrometry, Grundwasser - Zeitschrift der Fachsektion Hydrogeologie 28 (2023) 53–66, doi: 10.1007/s00767-022-00540-3 . 

[20] K. Lal, S.A. Jaywant, K.M. Arif, Electrochemical and optical sensors for real-time detection of nitrate in water, Sensors 23 (2023) 7099, doi: 10.3390/s23167099 .

[21] B. Pellerin, B. Bergamaschi, B. Downing, J. Saraceno, J. Garrett, L. Olsen, Optical techniques for the determination of nitrate in environmental waters: guidelines

for instrument selection, operation, deployment, maintenance, quality assurance, and data reporting, in: Collection of Water Data By Direct Measurement,

Geological Survey Techniques and Methods, U.S. Geological Survey, Reston, Virginia, 2013, pp. 1–37 . 

[22] HydrometricsGW50 Groundwater Optical Nitrate Sensor Operations Manual (v2.3), 2024 . 

[23] TriosSensors [WWW Document]. Trios - Your Partner for Optical Sensors, 2025 URL https://trios.de/en/sensors/ . 

[24] H. Adams, S. Ash, N. Holloway, E. Turner, N. Selar, M.C. Wagner, M. Southard, Operators need to know sample collection QA/QC, Opflow 48 (2022) 10–16,

doi: 10.1002/opfl.1700 . 

[25] I.B. Roll, R.U. Halden, Critical review of factors governing data quality of integrative samplers employed in environmental water monitoring, Water Res. 94

(2016) 200–207, doi: 10.1016/j.watres.2016.02.048 . 

[26] B. Schulze, Y. Jeon, S. Kaserzon, A.L. Heffernan, P. Dewapriya, J. O’Brien, M.J. Gomez Ramos, S. Ghorbani Gorji, J.F. Mueller, K.V. Thomas, S. Samanipour, An

assessment of quality assurance/quality control efforts in high resolution mass spectrometry non-target workflows for analysis of environmental samples, TrAC,

Trends Anal. Chem. 133 (2020) 116063, doi: 10.1016/j.trac.2020.116063 . 

[27] K. Kovaka, Evaluating community science, Stud. Hist. Philos. Sci. 88 (2021) 102–109, doi: 10.1016/j.shpsa.2021.05.004 . 

[28] A. San Llorente Capdevila, A. Kokimova, S. Sinha Ray, T. Avellán, J. Kim, S. Kirschke, Success factors for citizen science projects in water quality monitoring,

Sci. Total Environ. 728 (2020) 137843, doi: 10.1016/j.scitotenv.2020.137843 . 

[29] J. Milne, Sampling, measuring, processing and archiving of discrete groundwater quality data, in: National Environmental Monitoring Standards, Water Quality,

National Environmental Monitoring Standards & Ministry for the Environment (MfE), Wellington, New Zealand, 2019, p. 104 . 

[30] M. Abzalov, Quality control of assay data; a review of procedures for measuring and monitoring precision and accuracy. Exploration and mining geology:, J.

Geol. Soc. CIM 17 (2008) 131–144, doi: 10.2113/gsemg.17.3-4.131 . 

[31] A. Charles, L. Loucks, F. Berkes, D. Armitage, Community science: a typology and its implications for governance of social-ecological systems, Environ. Sci. Policy

106 (2020) 77–86, doi: 10.1016/j.envsci.2020.01.019 . 

[32] J. Legg, S. Mager, S. Horton, Nitrate nitrogen (NO3 –N) response domains following a large-scale rainfall event on the Hekeao Hinds Plains of Mid Canterbury,

New Zealand, J. Hydrol. (2025) 133123 (In Press), doi: 10.1016/j.jhydrol.2025.133123 . 

[33] E.W. Rice, R.B. Baird, A.D. Eaton, Standard Methods For the Examination of Water and Wastewater, 23rd ed., American Public Health Association, 2017 . 

[34] Q. Plana, J. Alferes, K. Fuks, T. Kraft, T. Maruéjouls, E. Torfs, P.A. Vanrolleghem, Towards a water quality database for raw and validated data with emphasis

on structured metadata, Water Qual. Res. J. 54 (2018) 1–9, doi: 10.2166/wqrj.2018.013 . 

[35] E. Yeshno, S. Arnon, O. Dahan, Real-time monitoring of nitrate in soils as a key for optimization of agricultural productivity and prevention of groundwater

pollution, Hydrol. Earth Syst. Sci. 23 (2019) 3997–4010, doi: 10.5194/hess-23-3997-2019 . 

[36] E.W. Rice, R.B. Baird, A.D. Eaton, Standard Methods for the Examination of Water and Wastewater, 23rd ed., American Public Health Association, 2017 . 

[37] C. Koutras, G. Siachamis, A. Ionescu, K. Psarakis, J. Brons, M. Fragkoulis, C. Lofi, A. Bonifati, A. Katsifodimos, Valentine: evaluating matching techniques for

dataset discovery, in: 2021 IEEE 37th International Conference on Data Engineering (ICDE). Presented at the 2021 IEEE 37th International Conference on Data

Engineering (ICDE), 2021, pp. 468–479, doi: 10.1109/ICDE51399.2021.00047 . 

[38] S. Chandran, R.S.P. Singh, Comparison of various international guidelines for analytical method validation, Pharmazie 62 (2007) 4–14, 

doi: 10.1691/ph2007.1.5064 . 

[39] L. Hallbeck, K. Pedersen, Culture parameters regulating stalk formation and growth rate of gallionella ferruginea, J. Gen. Microbiol. 136 (1990) 1675–1680,

doi: 10.1099/00221287-136-9-1675 . 

[40] J. Wang, G. Muyzer, P.L.E. Bodelier, H.J. Laanbroek, Diversity of iron oxidizers in wetland soils revealed by novel 16S rRNA primers targeting Gallionella-related

bacteria, ISME J. 3 (2009) 715–725, doi: 10.1038/ismej.2009.7 . 

[41] D. Emerson, E. Fleming, J. McBeth, Iron-oxidizing bacteria: an environmental and genomic perspective, Annu. Rev. Microbiol. 64 (2010) 561–583,

doi: 10.1146/annurev.micro.112408.134208 . 
9

https://doi.org/10.1016/j.sna.2018.07.026
https://doi.org/10.1007/s10661-021-09084-0
https://doi.org/10.1007/s10533-011-9589-8
https://doi.org/10.3318/BIOE.2014.02
https://doi.org/10.1016/j.eti.2024.103676
https://doi.org/10.1201/b15314-15
https://doi.org/10.1016/j.seares.2011.04.002
https://doi.org/10.1111/gwmr.12248
https://doi.org/10.5194/egusphere-2024-964
https://doi.org/10.1016/j.ijleo.2015.09.072
https://ourlandandwater.nz/news/measuring-real-time-nitrate-loss-from-cropping-leachate/
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0012
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0013
https://www.ecommercetimes.com/story/plug-and-play-state-of-mind-70623.html
https://doi.org/10.5281/zenodo.11671150
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0016
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0017
https://doi.org/10.1111/isj.12308
https://doi.org/10.1007/s00767-022-00540-3
https://doi.org/10.3390/s23167099
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0021
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0022
https://trios.de/en/sensors/
https://doi.org/10.1002/opfl.1700
https://doi.org/10.1016/j.watres.2016.02.048
https://doi.org/10.1016/j.trac.2020.116063
https://doi.org/10.1016/j.shpsa.2021.05.004
https://doi.org/10.1016/j.scitotenv.2020.137843
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0029
https://doi.org/10.2113/gsemg.17.3-4.131
https://doi.org/10.1016/j.envsci.2020.01.019
https://doi.org/10.1016/j.jhydrol.2025.133123
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0033
https://doi.org/10.2166/wqrj.2018.013
https://doi.org/10.5194/hess-23-3997-2019
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0036
https://doi.org/10.1109/ICDE51399.2021.00047
https://doi.org/10.1691/ph2007.1.5064
https://doi.org/10.1099/00221287-136-9-1675
https://doi.org/10.1038/ismej.2009.7
https://doi.org/10.1146/annurev.micro.112408.134208


J. Legg, S.M. Mager and S.L. Horton MethodsX 14 (2025) 103286

 

 

 

[42] M. Halbach, A. Koschinsky, P. Halbach, Report on the discovery of gallionella ferruginea from an active hydrothermal field in the deep sea, InterRidge News 10

(2001) 18–20 . 

[43] L.C. Stuyt, W. Dierickx, J. Martínez Beltrán, Materials for Subsurface Land Drainage Systems, Food and Agriculture Organization of the United Nations, Rome,

Italy, 2005 . 

[44] Q. Zhang, H. Chen, D. Huang, C. Xu, H. Zhu, Q. Zhu, Water managements limit heavy metal accumulation in rice: dual effects of iron-plaque formation and

microbial communities, Sci. Total Environ. 687 (2019) 790–799, doi: 10.1016/j.scitotenv.2019.06.044 . 
10

http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0042
http://refhub.elsevier.com/S2215-0161(25)00132-3/sbref0043
https://doi.org/10.1016/j.scitotenv.2019.06.044

	Protocol for the use of an Optical Nitrate Nitrogen (NO3N) sensor for measuring ground and surface water NO3N concentrations
	Background
	Method details
	Quality assurance
	Quality control
	Method validation
	Limitations
	Example 1: regular cleaning of bores
	Example 2: annual calibration
	Example 3: iron-oxidizing bacterium aka irrigation plaque

	Declaration of competing interest
	Ethics statements
	Credit author statement
	Acknowledgments
	Supplementary materials
	References


